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Using change detection to objectively 
evaluate whether novel over-the-counter drug 
labels can increase attention to critical health 
information among older adults
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Abstract 

Over-the-counter (OTC) drugs have many benefits but also carry risks, such as adverse drug reactions, which are more 
prevalent in older adults. Because these products do not require the oversight of a physician or pharmacist, labeling 
plays a key role in communicating information required for their safe and effective use. Research suggests that current 
labels are not terribly effective at communicating potential risk. One reason for their lack of effectiveness is that few 
consumers attend to critical information (active ingredients and warnings) when making purchases. In two experi-
ments, we used a change detection task to objectively evaluate how novel label designs that employ highlighting 
and a warning label placed on the package’s front impact attention to critical information among older participants 
(65 and older). The change detection task is a unique form of visual search which allowed us to assess the attentional 
priority of critical information among participants who were not explicitly instructed to search for this critical informa-
tion. This unique aspect of the task is important given research suggesting that consumers rarely have the explicit 
goal of seeking out warnings and active ingredients when making OTC selections. Our results provide empirical 
support that both highlighting critical information and positioning it on the package’s front increase its attentional 
prioritization relative to current, commercial practice. Given that attending to the critical information is prerequisite to 
utilizing that information, strategies that elicit attention in this way are likely to reduce medication errors.
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Significance
Over-the-counter (OTC) medicines provide many ben-
efits, including increased access, independence, flexibil-
ity, and affordability. As a result, they are widely used. 
Despite their advantages, OTCs carry significant risks for 
Adverse Drug Reactions (ADRs) (O’Connor et al., 2012). 
It has been estimated that 106,000 US deaths per year are 
attributable to an ADR (Lazarou et al., 1998), and a Cana-
dian study estimates the cost of emergency and hospital 
care associated with ADRs at $35,700,000 (USD) annually 

(Wu et al., 2012), more than half of which were thought 
to be preventable. Among those who experienced ADRs 
that resulted from self-administration, between a third 
(Asseray et  al., 2013) and half (Schmiedl et  al., 2014) 
were attributable to OTCs, as opposed to prescription 
medications.

Because OTC medication selection and use are not 
guaranteed to be informed by a prescribing physician or 
dispensing pharmacist, the creation of labels that facili-
tate processing of information critical for their safe and 
effective use is paramount. In the United States, fairly 
comprehensive regulations (Labeling Requirements 
for over-the-counter Drugs, 2020) mandate the con-
tent and formatting of OTC labels. However, research 
suggests that few consumers pay attention to current 
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warning labels when making drug selections, with many 
never turning beyond the package’s front when decid-
ing on a product’s appropriateness for their use (Liu, 
2016; McNeil Consumer Healthcare, 2015). Here, we test 
novel OTC labels designed to increase attention to criti-
cal warnings and active ingredient information. A change 
detection method was used to investigate whether these 
labels increase attention to this information among older 
adults. Results provide potential insights for designers 
and regulators, indicating that highlighting critical infor-
mation and the use of a front warning label can increase 
the attentional prioritization of information that is criti-
cal to the safe and effective use of OTC medications in an 
at-risk population.

Introduction
Visual search tasks have a long history in cognitive psy-
chology. While most early experiments utilized these 
tasks to investigate basic mechanisms of attention 
(Schneider & Shiffrin, 1977; Treisman & Gelade, 1980; 
Wolfe, 1994), in recent years there has been an increased 
emphasis on leveraging our knowledge of visual search 
to real world applications. Many of the early attempts 
to do so focused on real world activities such as radiol-
ogy (Wolfe et  al., 2016, 2017) and baggage screening 
(Biggs & Mitroff, 2014; Mitroff et  al., 2015), tasks that, 
at least on the surface, closely mimic typical lab-based 
visual search tasks. Given that attention to information 
is a prerequisite for processing and using that informa-
tion (Mack, 2003; Rensink et al., 1997; Simons & Chabris, 
1999), there are a myriad of scenarios which less closely 
mirror traditional lab-based studies where visual search 
tasks can be used to investigate how well critical informa-
tion attracts attention. Application of visual search tasks 
in these spaces provide a powerful method to objectively 
evaluate the relative performance of various design strat-
egies intended to increase attention to critical informa-
tion. For instance, our group has leveraged visual search 
tasks to evaluate how different strategies for designing 
labels influence attention to the most critical information 
presented on the label. We have done this for prescrip-
tion drug labels (DeHenau et al., 2016; Lee et al., 2019), 
food labels (Becker et al., 2015), and medical device labels 
(Seo, 2014).

Here, we use a modified form of visual search, the 
change detection method, to investigate whether novel 
labeling for OTC medications can increase attention 
to critical label information, namely the active ingre-
dients and warnings specific to that drug that should 
be attended to ensure safe usage (specifically, warnings 
about drug-drug and drug-diagnosis interactions). There 
are a number of reasons why we believe this change 
detection method is well-suited for our investigation.

First, while change detection with small arrays of 
stimuli has been used to evaluate visual working mem-
ory capacity (Luck & Vogel, 1997), change detection 
with more complicated scenes allows one to assess the 
attentional prioritization of elements of complex dis-
plays. For instance, one of the early reports suggesting 
that large changes in complex scenes were surprisingly 
difficult to detect also reported that changes to infor-
mation that was semantically central to a scene were 
found readily (Rensink et  al., 1997). This difference in 
detectability of changes based on their centrality to 
the scene, suggests that the time to detect a change 
could be used to evaluate when attention first reaches 
an object (Simons & Rensink, 2005), thereby provid-
ing a proxy for the attentional prioritization of spe-
cific elements of a complex display. Indeed, researchers 
have used time to detect a change as a metric of when 
attention first reaches an object. For instance, research 
has found that heavier social users of alcohol found 
changes to alcohol related objects more rapidly than 
light social users, suggesting that alcohol-related stim-
uli had higher attentional prioritization among those 
with higher usage (Jones et al., 2003). Others have used 
the time to detect changes to investigate how image 
properties influence the allocation of attention. For 
instance, changes to scene-inconsistent objects were 
detected more readily than changes to scene-consistent 
objects, suggesting that the inconsistencies drew atten-
tion (Stirk & Underwood, 2007). In sum, the change 
detection method allows one to objectively evaluate the 
attentional prioritization of elements within a complex 
visual stimulus.

Second, unlike traditional visual search tasks, the 
change detection method does not require participants 
to search for a specific search target. Instead, participants 
are simply asked to find a change anywhere that it occurs 
in the display. This unique aspect of the change detection 
task allows us to evaluate how our novel designs influ-
ence attentional prioritization of critical health infor-
mation among observers who are not explicitly told to 
search for this critical information. This aspect of the 
change detection method is important because research 
suggests that few consumers intentionally seek-out and 
attend to this critical health information when evaluating 
medications (Liu, 2016; McNeil Consumer Healthcare, 
2015). That is, typical consumers do not have the explicit 
goal of searching for critical health information; as such, 
evaluating the attentional prioritization of that informa-
tion in the absence of such a goal is important to health, 
policy, and those designing these products. The change 
detection method allows us to evaluate attentional pri-
ority in the absence of an explicit goal to seek out this 
critical information, mimicking (to some degree) the 
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typical consumer who is not intentionally looking for this 
information.

In short, this method provides a means of tracking the 
attentional prioritization of the active ingredient and 
warning information on OTC packages, while avoid-
ing the need to inform people that warnings and active 
ingredients are of importance to our research. By system-
atically varying the format of the label and investigating 
how design changes impact attentional prioritization, 
we can identify labeling techniques that are effective at 
drawing attention to critical health information among 
participants, who like typical consumers, are not voli-
tionally seeking out this information. Herein we manip-
ulate OTC labels with two treatments: highlighting of 
critical information and the addition of a front warning 
label that contains critical information.

Highlighting was selected as a treatment because 
recent changes to the labeling regulations require high-
lighting or  bolding of  the active ingredient acetami-
nophen and the drug class NSAID (Specific Labeling 
Requirements for Specific Drug Products, 2020). The fact 
that regulators have, for the first time, included highlight-
ing in the regulations suggest that this approach may be 
one that regulators would back. In addition, the adoption 
of those highlighting regulations was made without pub-
lished research supporting the effectiveness of this strat-
egy for OTC labeling. Thus, evaluating the effectiveness 
of the technique is timely and important.

The front warning label strategy was selected as a 
treatment due to the design strategy’s effectiveness in 
nutritional labeling (Becker et  al., 2015; Bix et  al., 2015; 
Borgmeier & Westenhoefer, 2009; Hersey et  al., 2013; 
Jones & Richardson, 2007; Kelly et  al., 2009; Roberto 
et al., 2012). We note that the nutrition facts label is simi-
lar to the drug facts label in both format and placement 
on a package. Thus, the effectiveness of a front-of-pack 
nutritional label makes it likely that such an approach 
may generalize to OTC drug labels. However, the front-
of-pack approach has not been tested for OTC labelling.

Background
Over-the-counter (OTC) drugs have many benefits for 
consumers, but there are risks associated with their use, 
including adverse drug reactions (ADRs) (O’Connor 
et  al., 2012). ADRs are defined as “any noxious, unin-
tended and undesired effect of a drug, excluding thera-
peutic failures, intentional and accidental poisoning and 
drug abuse (O’Connor et al., 2012).” Because OTC medi-
cations don’t require the oversight of a learned inter-
mediary (i.e. the prescribing physician or a dispensing 
pharmacist), the creation of labels that facilitate process-
ing of information that is critical for their safe and effec-
tive use is paramount. As such, the US Food and Drug 

Administration (FDA) mandates both the content and 
formatting of the “Drug Facts Label", a comprehensive 
information panel present on most OTCs sold in US mar-
kets. The Drug Facts Label generally appears to the right 
of the Principal Display Panel, or PDP, defined as the 
panel that is customarily displayed at retail (see Fig. 1), or 
more commonly, the front panel of the package.

Objectively characterizing design strategies likely to 
catalyze consumers to attend critical information pre-
sent on OTC labels is relevant to public health. Even so, 
both researchers and regulators guiding the development 
of OTC label formats tend to focus their efforts on late-
stage processing (comprehension). Historically, compre-
hension studies have utilized surveys and questionnaires 
(Murty & Sansgiry, 2007; Wawruch et al., 2013); guided 
interviews (King et  al., 2011; Martin-Hammond et  al., 
2015; Tong et  al., 2015, 2017); and focus groups (King 
et  al., 2011; Tong et  al., 2016) in which participants are 
asked to evaluate which type of warning text or display 
would be more effective.

A weakness of relying on self-reports is that there is 
limited evidence supporting their validity in the OTC lit-
erature. That said, there is a body of literature that sug-
gests that self-reported measures related to visual search 
can be problematic, particularly when people introspect 
about visual information they are likely to notice (Levin 
et al., 2000) or when the techniques are used as the basis 
for decision making (Morales et al., 2017; Nisbett & Wil-
son, 1977). Recently, researchers have begun to address 
this short-coming by using objective measures to evalu-
ate OTC labels (see Tong et  al., 2014 for a thorough 
review). However, even these approaches tend to focus 
efforts on comprehension (late-stage processing), with 
most studies based on tasks which explicitly require par-
ticipants to attend to the critical information. This results 
in a gap in knowledge concerning whether the different 
methods of labeling critical information influence atten-
tion to the critical components of interest, or how design 
strategies garner (or fail to garner) attention absent an 
explicit goal which requires them to seek it.

Here, we empirically investigate how different label 
designs influence attention to critical information (active 
ingredients and/or warnings) using a change detec-
tion methodology. Specifically, we hypothesized that 
moving critical warnings to the front of the package 
and highlighting critical information, would be effec-
tive approaches for OTCs (see Fig.  1). The strategy of 
moving critical information to the front of the pack-
age has been found to be effective for food labels; when 
nutrition information related to disease (i.e. sodium, fat 
and sugar) are added to the front of the package they 
increase attention to these key elements (Becker et  al., 
2015; Bix et al., 2015). In fact, in food packaging a front 
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of pack label has been shown to garner attention, speed 
cross-product comparisons (Borgmeier & Westenhoe-
fer, 2009; Hersey et al., 2013; Jones & Richardson, 2007; 
Kelly et al., 2009; Roberto et al., 2012), and facilitate more 
healthful choices (Levy et  al., 2012; Thorndike et  al., 
2012, 2014). The attentional benefits of front of package 
nutritional labels reported using change detection tasks 
(Becker, et al., 2015) have been replicated using eye track-
ing measures (Bix et al., 2015; Van Herpen & Van Trijp, 
2011), including eye-tracking in a lab-based shopping 
market (Graham et  al., 2015), providing some evidence 
that data from change detection tasks may generalize to 
more realistic purchase scenarios. In the current work 
we leveraged that nutrition research to design and objec-
tively test whether moving critical warnings to the front 
of the package increases attention to critical information 
among participants that are not explicitly tasked with 
preferentially attending to this type of information.

We also evaluate whether highlighting critical infor-
mation increases the attentional prioritization of this 
information. We chose to test highlighting because it 
has recently been embraced by regulators as a means of 
attracting attention to critical information, but its use 
is currently very limited. Acetaminophen was recently 
mandated to be either highlighted or bolded in its appear-
ance in the PDP and the “Statement of Identity” section 

of the Drug Facts Label (it also may be highlighted or 
bolded in the Active Ingredients and Use Sections) (Spe-
cific Labeling Requirements for Specific Drug Products, 
2020).1 The new requirements were likely based on rec-
ommendations from the “Acetaminophen Hepatoxicity 
Working Group,” which did not site empirical support 
for the approach (The Acetaminophen Hepatotoxic-
ity Working Group, 2008). Our review of the literature 
uncovered limited work specific to the use of highlighting 
with OTC products. King et al. (2011) performed struc-
tured interviews and focus groups to investigate whether 
“patient-centered icons and messaging” could be used to 
enable consumers to identify the active ingredient aceta-
minophen. Although investigating highlighting was not 
their goal, they concluded that most participants wanted 
the word acetaminophen to be highlighted (King et  al., 
2011).

The fact that regulators have endorsed highlighting 
is promising. However, to date there is little empiri-
cal evidence supporting its effectiveness on OTC labels. 

Fig. 1 An example of one of the mock brands. For illustrative purposes, the principle display panel (PDP) and Drug Facts Label are labeled in red 
and the front warning label and active ingredients are labeled in blue. The actual stimulus did not show these colored labels, arrows, and circle

1 The same regulation mandated that “NSAID” be highlighted or bolded for 
the group of active ingredients classified as Non-steroidal Anti-inflammatory 
Analgesic, Antipyretic Drugs. However, the practice of highlighting the cate-
gory NSAID has not yet been widely implemented on commercial packaging, 
rather manufacturers are opting for the option to bold the text.
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In addition, we note that most of the empirical work on 
highlighting has been interested in understanding text 
comprehension in academic settings, and has found 
mixed results (see Dunlosky et  al., 2013 for a review). 
However, that work seems to suggest that the advantage 
of highlighting is diminished when too much information 
is highlighted. Given the number of important warnings 
on OTCs is unclear whether highlighting would be effec-
tive or would be diluted by the shear amount of high-
lighting necessary.

In our experiments, we targeted older adults as par-
ticipants because they are at increased risk from the 
ill-effects associated with ADRs. There are a variety of 
reasons for this increased risk, including: an increased 
propensity for poly pharmacy; (Davies & O’Mahony, 
2015; Guthrie et  al., 2015; Lavan & Gallagher, 2016); 
changes in pharmacodynamics and pharmacokinetics 
(Bourgeois et  al., 2010; Lavan & Gallagher, 2016; Nair 
et al., 2016); as well as a tendency for lower health literacy 
(Davis et al., 2006; Kobayashi et al., 2016) and lower risk 
perception (McNeil Consumer Healthcare, 2015; Tay-
lor, 1994; Wawruch et al., 2013) compared with younger 
adults. Specific to OTCs, older population are docu-
mented to use these medications at a higher and increas-
ing rate (Qato et al., 2016), but have also been suggested 
as being less likely (than their younger counterparts) to 
report use of critical information that appears within 
the Drug Facts Label (McNeil Consumer Healthcare, 
2015). Our study focuses on two types of critical infor-
mation, active ingredients and warnings about possible 
drug-drug or drug-diagnosis interactions. These types of 
information were reported, in a national survey of phar-
macists that we conducted (in preparation), as critical for 
the prevention of ADRs in older adults.

We fill an important gap in knowledge by empirically 
evaluating how the presence of a front warning label and 
highlighting affect the allocation of attention of older 
adults to information critical to the safe and effective use 
of OTCs when they perform a change detection task that 
does not require them to explicitly seek out critical health 
information. Although this method has been utilized 
with older adults to examine changes in visual attention 
while driving (Costello et al., 2010; Hoffman et al., 2005; 
McCarley et  al., 2004; Pringle et  al., 2001; Veiel et  al., 
2006), to our knowledge we are among the first to use it 
with older adults to assess the efficacy of labeling strate-
gies with this population.

Methods
Participants
While no existing past research explicitly manipulates 
the variables in the present study within the context of 
OTC labels, our own work that used change detection 

to investigate the effects of front-of-pack nutrition labels 
(Becker et  al., 2015) found that a sample size of 47 was 
more than adequate to find significant RT and accuracy 
effects of a front-of-pack and a color manipulation. We 
used that sample size as a benchmark and were con-
servative, anticipating a 20% attrition rate for this older 
sample, and thus recruited 60 participants for each 
experiment.

Participants were recruited from multiple locations in 
the state of Michigan, including: the greater Lansing area, 
Wayne County (Detroit), and Kent County (Grand Rap-
ids). Recruitment was supported by the SONA system, 
campus-based email list serves, MSU Extension, and 
Wayne County’s Area Agency on Aging programs target-
ing seniors. Eligibility criteria included: age (65 +); the 
requirement of OTC use within the previous 12 months: 
being legally sighted; a history of purchasing and self-
managing medication; a willingness and ability to travel 
for testing; and the capacity to render informed consent. 
Further, participants were screened for a history of epi-
lepsy or seizures.

All methods were conducted in accordance with 
approvals granted by the MSU IRB under the num-
ber × 17-922eD (Experiment 1) and MSU Psychology and 
Social Science Internal Review Board STUDY00000832 
(Experiment 2).

Stimuli and design
We performed two experiments to investigate this issue. 
While there were minor differences between the two 
methods, the core of the experiments was the same. 
Both used a flicker change detection task to investigate 
how two design factors, highlighting and the use of a 
front warning label (see Fig.  2), influenced attention 
to critical information (specifically, active ingredients 
and the warnings previously mentioned). The flicker 
change detection task was a modification of the method 
used in Rensink et  al. (1997). In both experiments, this 
involved cycling the following displays: a flattened image 
of a product label (240 ms), a blank gray image (80 ms), 
the original product label with some aspect of the label 
deleted (240 ms), and a blank gray image (80 ms). Partici-
pants were given 18 s to search for the change before the 
trial timed out and participants were prompted to move 
on to the next trial.

For the experiments, we made labels of mock brands 
of OTC medications, each mock brand had a single, 
unique active ingredient. All information on the pack-
aging, including the Drug Facts Label, was based on 
commercially available products with a single active 
ingredient and complied with requirements dic-
tated by the Code of Federal Regulations CFR Title 21 
Subchapter 1 Part 201 Subpart C (less the highlighting 
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requirement specific to Acetaminophen for non-high-
lighted treatments). Experiment 1 was programmed 
using E-prime Version 2, and Experiment 2 was pro-
gramed used E-prime Version 3. Both were displayed at 
a resolution of 1920 × 1080 on 14″ screens.

We begin by walking through the detailed methods 
of Experiment 1 and then will discuss the modifica-
tion that were made in  Experiment 2. In  Experiment 
1, there were a total three mock brands, each treated a 
different ailment and had a different active ingredient. 
Each mock brand appeared 56 times for a total of 168 
change trials. A given trial was classified, at the highest 
level, as either a critical change (n = 60) or a non-criti-
cal change (n = 108).

Non-critical changes occurred to graphics, or non-
health critical information (e.g., the number of tablets, 
the manufacturer’s name). These non-critical trials were 
included to help ensure that the participants were not 
preferentially attending to warnings and active ingredi-
ent information. Again, we were interested in how our 
designs could impact attention to this critical informa-
tion among those who were not seeking it out. If the 
changes consistently involved this critical information, 
participants would have likely notice this contingency 
and may have set a volitional goal of preferentially attend-
ing to this critical information, thereby defeating one 
of the purposes of using change detection; to evaluate 

prioritization among those who were not explicitly look-
ing for warning and active ingredient information.

Non-critical trials provided two additional benefits. 
One was to avoid a bias toward critical information based 
on changes being concentrated at particular locations of 
the label. People are sensitive to spatial contingencies and 
will pay more attention to locations that are likely to con-
tain targets (Geng & Behrmann, 2005; Miller, 1988) To 
avoid contingencies creating history effects (Awh et  al., 
2012) that might bias attention toward the locations of 
critical information, the non-critical trials were care-
fully counter-balanced to ensure that there were an equal 
number of changes in each of the locations of change (see 
Fig.  1—PDP and drug facts label), and that these were 
distributed throughout each. Finally, subjects’ average 
performance on non-critical trials were used as a co-var-
iate in the analysis of critical trials, thereby allowing us 
to account for some of the between subject variability in 
overall performance.

Critical changes occurred to either the Active Ingredi-
ent (24 trials) or to a warning (36 trials). Within active 
ingredient changes the 24 trials were comprised of the 
full factorial combination of 3 mock brands × 2 loca-
tions of change (PDP or the Drug Facts Label) × 2 label 
conditions (a standard label or one with a front warn-
ing label) × 2 highlighting conditions (not highlighted or 
highlighted). For Experiment 1, in each of these trials the 

Fig. 2 Examples of the four label treatments
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change involved the active ingredient repeatedly appear-
ing and disappearing (see Fig.  3). In highlighted condi-
tions, the active ingredient was highlighted on both the 
PDP and in the Drug Facts Label (the active ingredient 
typically appears in both locations), and key phrases 
within the warnings that indicated a drug/drug or drug/
diagnosis warning were highlighted. When there was a 
front of pack warning, the same warning text was high-
lighted in both locations (PDP and Drug Facts Label).

Ideally, across the eight trials within a brand, the size 
of the changing information would be held constant. For 
a given location (e.g., PDP or Drug Facts Label) this was 
accomplished; the same exact active ingredient appeared 
and disappeared once in each condition for each brand. 
However, when comparing across location of change 
(PDP vs Drug Facts Label), size was not identical. Based 
on current regulations and practice, the active ingredient 
is typically presented in a larger font on the PDP than in 
the Drug Facts Label. To be consistent with regulations 
and practice, we maintained this difference. As a result, 

direct comparisons of changes to active ingredients on 
the Drug Facts Label to changes in active ingredients on 
the PDP, could be due to the differences in size. However, 
we note that prior research suggests that the importance, 
or centrality, of the change rather than its size influences 
the ease of change (Rensink et al., 1997; Stirk & Under-
wood, 2007). Further, we note that this confound does not 
occur for the warning changes (see below).

For warning changes, the complete factorial design 
used for active ingredients was impossible; a change in 
warnings on the PDP can occur only in conditions with 
our novel front warning label; warning information does 
not occur on the front of the package in standard labels. 
As a result, there were two missing cells in the overall 2 
(location of change: PDP vs Drug Facts Label) × 2 (front 
warning label vs standard label) × 2 (highlighting vs no 
highlighting) design (see  Fig.  4). Given this reduction 
in warning conditions, and our focus on evaluating our 
novel designs using a front warning label and highlight-
ing, we doubled the number of warning label changes. 

Base Image PDP Change Drug Facts Label Change

Standard 
Package

Highligh�ng 
No Front 
Warning Label

No 
Highligh�ng 
Front 
Warning 
Label

Highligh�ng 
Front 
Warning 
Label

Fig. 3 Examples of the eight active ingredient changes. The left column depicts the complete label for the 4 label treatments. The middle depicts 
the altered images with a change to the PDP. The right depicts the altered images with a change to the active ingredient in the Drug Facts Label. 
The red squares in the top row are to illustrate the change location and did not appear
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For each mock brand we identified two warnings to 
change. For each of these two warnings, the six condi-
tions of the design were created, resulting in a total of 36 
warning changes across the three mock brands.

The warning changes involved the appearance and 
disappearance of one of the warnings phrases that was 
selected for inclusion on the front warning label (e.g., 
“stomach ulcers or bleeding”). It is important to note that 
the exact same text appeared and disappeared for the 
six trials with a given warning; the font size, phrase size, 
and word complexity were held constant. In highlighted 
conditions both the highlighting and text appeared and 
disappeared.

Experiment 2 was similar to Experiment 1 with the 
following differences. First, we developed a new set of 
four mock brands, in order to increase the generaliza-
tion across stimuli. Second, we were somewhat con-
cerned that the over sampling of warning information 
in  Experiment 1 may have created a bias toward warn-
ing information based on history effects (Awh et  al., 

2012). So, for each mock brand we had a single warn-
ing that changed. Third, we significantly shortened 
the experiment, and counterbalanced the full design 
across sets of two participants. This was done because 
participants in Experiment 1 complained about the 
length of the task, and Experiment 2 targeted a more 
at high-risk, lower educated population who we postu-
lated might have increased difficulty with the task and, 
as such, experience fatigue and withdrawal from the 
experiment.

As a result, in experiment 2, each participant only 
performed a total of 64 trials, comprised of 28 critical 
and 36 non-critical trials. The non-critical trials were 
designed to achieve the same three goals of the non-
critical trials discussed for Experiment 1. The critical 
trials consisted of 16 changes to active ingredient infor-
mation, and 12 warning changes. Across two partici-
pants there were a total of 32 active ingredient changes; 

Base Image Drug Facts Label Change Front Warning Label Change

Standard Package

Highligh�ng 
No Front Warning 
Label

No Highligh�ng 
Front Warning Label

Highligh�ng 
Front Warning Label

Missing Cell

Missing Cell

Fig. 4 Examples of the six warning changes for a given brand. The left column depicts the complete label for the 4 label treatments. The middle 
depicts the altered images with a change to the Drug Facts Label. The right depicts the altered images with a change to the front warning label. The 
red squares in the top row are to illustrate the change location and did not appear in the experiment
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the full factorial of the 4 (mock brands) × 2 (location of 
change PDP or Drug Facts Label) × 2 (label type: front 
warning label or standard) × 2 (highlighting/no high-
lighting) design.2 Across the same two participants 
there were a total of 24 warning changes; the full facto-
rial design less the missing cells caused by the fact that 
changes could not occur on the package’s front when 
there was a standard label.

An additional difference of note between the two 
experiments was that the front warning label was located 
in the lower left of the PDP in  Experiment 1 but was 
presented on the lower right for Experiment 2. The front 
warning label was moved to the lower right in experi-
ment 2 to better match the design of commercially avail-
able labels, in which Active Ingredient and indications 
information is generally left justified on the PDP. Finally, 
in  Experiment 2 when there was a change to highlighted 
information, only the highlighting disappeared (the text 
remained), in order to better examine the effect of the 
presence of highlighting.

Procedure
Prior to participation in the experimental task, par-
ticipants were characterized in a number of ways. The 
first was the Short Blessed Test (Katzman et  al., 1983), 
a screener for cognitive impairment consistent with 
dementia. Scores of 9 or more are indicative of cogni-
tive impairment; as such, participants who scored a 9 or 
above were deemed unable to provide informed consent, 
and were thanked for their time, provided the $50.00 
incentive and dismissed from the study without further 
data collection. Those continuing completed a survey that 
included: basic demographics (age, gender, race and eth-
nicity, native language, annual income, and educational 
attainment). Participants also performed a health literacy 
screening [REALM-R (Bass et al., 2003)], near point vis-
ual acuity test (Sloan Pocket Size Near Vision Card with 
Continuous Text by Precision Vision in Woodstock IL) 
and color vision assessment (Pseudo-Isochromatic Plates 
by Richmond Products, Southeast Albuquerque NM).

After completing the section of the testing intended 
to characterize them, participants began the main task. 
They were instructed to look for changes between the 
flickering displays and signal that they detected the 
change by pressing the space bar as soon as they located 

it. When the participants pressed the space bar, the reac-
tion time timer was stopped, and the images stopped 
flickering (on the original image). At that point partici-
pants made an un-timed, mouse click on the location 
of the change, in order to verify that they had correctly 
identified the change. After receiving instructions, par-
ticipants performed four practice trials to acquaint them 
with the task and provide time for questions/clarification 
related to the experiment. It also provided the research 
team with the opportunity to ask participants who did 
not seem comfortable with the mouse if they would like 
to just point at the screen to indicate the location where 
they saw the change and have a researcher mouse over 
this location for them. If the participant clicked on the 
change (± ~ 1°) the trial was coded as a “hit”. Trials where 
the change was not correctly located or was not found 
prior to trial time out at 18  s were coded as “misses.”3 
Each mouse click (indicating the change location) began 
the next trial. This process continued until all trials were 
completed.

Data analysis
We analyzed the changes in the active ingredients sepa-
rately from the changes in warnings. One reason for this 
decision was that the design was unbalanced, with two 
missing cells for the standard treatments; due to the cur-
rent regulations and practice (discussed previously), con-
ditions without our novel front warning labels did not 
have changes to a warning in the PDP, because warning 
information never appears there. In addition, we antici-
pated that the addition of the front warning label should 
increase attention to warning information, but might 
actually draw attention away from the active ingredi-
ent information (which appeared in its typical spot—
on the PDP—not in the boxed warning we added—see 
Fig.  1). Finally, based on regulations and current com-
mercial practice, the active ingredient on the PDP typi-
cally appears in much larger font than the warnings, thus 
directly comparing across those types of changes would 
be confounded by differences in the size of the changes.

Our two dependent variables were reaction times (RT) 
for correct change detections (hits) and accuracy. Given 
the positive skew of the RT measure, the RT data were 
log transformed prior to analyses. We report all RT sta-
tistical results in these log transformed units. However, 
for illustrative purposes the figures present means and 
standard errors of the raw RT data in seconds. In addi-
tion, means and standard deviations in seconds are pre-
sented in Table 1.2 During analyses we realized that for one of the two versions of the experi-

ment designed to completely counterbalance factors across a pair of subjects, 
one trial that was supposed to contain a change to an active ingredient mis-
takenly made a change to a warning. So for half the subjects, there was one 
additional warning change and one fewer active ingredient change in the 
condition with a front of pack warning that was non-highlighted where the 
change occurred on the PDP.

3 In both experiments a vast majority of “misses” were time-out (> 80% in 
both experiments) rather than mis-locations of the change.
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Our initial data analytic approach was to perform the 
analyses using multilevel models that included both fixed 
and random effects for each of the independent variables. 
However, our analyses indicated that there was insuf-
ficient random variation to estimate models with ran-
dom effects for the independent variables.4 Thus, active 
ingredient RT data were analyzed using multilevel mod-
eling (MLM) treating location of change (the PDP or the 
Drug Facts Label), highlighting (present or absent), and 
label type (standard or our novel front warning label) as 
categorical predictors in a 2 × 2 × 2 factorial design that 
included all main effects and interactions as fixed effect 
predictors. We also included participant age and RT from 
the non-critical trials as covariates.5 The repeated meas-
ures nature of the data was modeled using compound 

symmetry, which (like standard within-subjects ANOVA 
designs) imposes an assumption of homoscedasticity. 
This approach is equivalent to including a random inter-
cept for the subject effect, making the analysis func-
tionally equivalent to a within subjects ANOVA with 
covariates. However, performing the analysis as an MLM 
is more appropriate given that we had unbalanced data 
(i.e., we had unequal numbers of observations across sub-
jects because RT was analyzed only for correct trials).

The warning RT data were also analyzed using MLM 
with the same covariates (RT from non-critical trials and 
participant age) and repeated measures model. How-
ever, given the unbalanced design for changes to warn-
ing information, the analysis was a 3 (conditions: front 
warning label with a change to the PDP, front warning 
label with a change to the Drug Facts Label, and Standard 
Labels with a change to the Drug Facts Label) × 2 (high-
lighting/no highlighting) design.

Analyses of the accuracy data were conducted in a par-
allel fashion with the exception that the dichotomous 
nature of the outcome required that we use binary logistic 
MLM. As with the RT data, separate analyses were used 
for the active ingredient changes (the 2 × 2 ×2 model) 
and warning changes (the 3 × 2 model). Models also 
included age as well as the number of correct responses 
on non-critical trials as covariates. As with the RT data, 
preliminary analyses indicated that there was insufficient 
random variation in the outcome to be able to estimate a 
complex random effects model that included the predic-
tors. Therefore, the same repeated measures approach as 
was used for RT was used for accuracy.

Results
After screening for inability to provide informed con-
sent and removing incomplete data, 60 participants 
were included in the analysis of Experiment 1 and 57 

Table 1 Reaction times and standard deviations in seconds for all conditions in Experiments 1 and 2

Change to PDP Change to drug facts label

Highlighting No highlighting Highlighting No highlighting

Active ingredient changes

Exp 1 Front warning label 4.12 (2.06) 5.80 (3.44) 6.83 (3.11) 7.76 (3.43)

Standard label 3.86 (2.69) 4.88 (3.35) 6.38 (2.52) 7.27 (3.68)

Exp 2 Front warning label 5.08 (2.49) 6.27 (3.62) 8.18 (3.31) 8.58 (3.07)

Standard label 4.28 (2.76) 5.37 (2.71) 7.06 (3.03) 7.95 (3.82)

Warning changes

Exp 1 Front warning label 5.74 (2.85) 6.63 (3.23) 9.85 (2.7) 11.28 (3.)

Standard label 9.63 (2.77) 11.24 (3.39)

Exp 2 Front warning label 8.21 (4.67) 8.84 (4.15) 11.28 (4.36) 12.12 (3.15)

Standard label 11.37 (2.82) 12.57 (3.38)

4 4Our initial data analytic models included fixed effects for all main effects 
and interactions between location change, highlighting, and label type, and 
it included random slopes for all main effects and interactions along with 
the specification of compound symmetry to model the residual variances. 
The random slopes allowed person to person variation in each of the main 
effects and interactions. However, this complex random effects model did not 
result in an admissible solution for either accuracy or RT. We therefore first 
dropped all of the interactions from the random effects and specified the full 
fixed effect model along with a random slopes model that included only the 
main effects for location change, highlighting, and label type, and the repeated 
compound symmetry specification for the residuals. This simplified model 
also produced non positive definite Hessian matrices for RT and accuracy. 
We again simplified the random effects to check whether a model specifying 
a random slope for only one of the three main effects was estimable. None 
of the three models was estimable for either RT or accuracy. Thus we used 
the model that included the 2 × 2 × 2 specification for the fixed effects and no 
random slopes for the predictors. The implication of the fact that the random 
slopes models could not be estimated is that the effects of the independent 
variables (main effects and interactions) were relatively consistent from per-
son to person and so the effects of the independent variables were well sum-
marized by the fixed effect (i.e., mean) estimates and there was little evidence 
of systematic individual difference variation in the modelled effects.

5 We conducted these (and all other) analyses dropping the noncritical trial 
score as a covariate and results did not change.
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participants in  Experiment 2, respectively. In experiment 
2, 1 person was dropped due to their Short Blessed Test 
Score being higher than 8, and 2 people were dropped 
due to computer errors leading to the subjects withdraw-
ing before completion of the study task. The sample for 
Experiment 1 included 37 women and 23 men who iden-
tified as White not-Hispanic (N = 52), African-American 
not Hispanic (N = 6), and Hispanic (N = 2). The mean age 
was 70.37, SD = 4.59 and education levels varied with 12 
individuals with High-school degrees, 32 with some col-
lege up to a bachelor’s degree, and 16 with post-graduate 
education. The final sample for Experiment 2 included 40 
women and 17 men with 46 participants who were White 
non-Hispanic and 8 who were African-American not 
Hispanic. Three individuals did not provide this infor-
mation. The mean age was 71.04, SD = 6.95 and educa-
tion levels varied with 23 individuals with High-school 
degrees or less, 25 with some college up to a bachelors 
degree, and 9 with post-graduate education. A chi-square 
test indicated that participants in  Experiment 2 had 
significantly less education than those in  Experiment 1 
(p = 0.045).

Active ingredient changes
Experiment 1
The analysis of rection time data (see Fig.  5a) found a 
main effect of label treatment, F(1, 419) = 7.4, p = 0.007, 
d = 0.10. Consistent with our hypothesis that a front 
warning label would attract attention to itself that could 
potentially compete with the active ingredient informa-
tion for attention, changes to active ingredients were 
found more slowly in treatments containing a front warn-
ing label (M = 3.72, SE = 0.03) than those without the 
additional warning label (M = 3.66, SE = 0.029). There 
was also a main effect of Highlighting, F(1, 422) = 16.17, 
p < 0.001, d = 0.15, with faster change detections for treat-
ments that included highlighting (M = 3.64, SE = 0.029) 
than those without (M = 3.74, SE = 0.03). The main 
effect of location of change (PDP vs Drug Facts Label—
see Fig.  1), F(1, 435) = 75.3, p < 0.001, d = 0.33, was also 
significant, with faster change detection when changes 
in critical information occurred on the PDP (M = 3.58, 
SE = 0.029) than on the Drug Facts Label (M = 3.8, 
SE = 0.03). None of the two or three-way interactions 
approached significance, all p > 0.21.

These patterns were echoed in the accuracy data 
(see Fig.  5 B). There was a main effect of label, F(1, 
1430) = 5.75, p = 0.017, d = 0.09. Consistent with the pre-
vious analysis of RT results, accuracy data suggested that 
a front warning label diverted attention from the active 
ingredient information; accuracy was lower for treat-
ments with a front warning label (M = 72%, SE = 2.9%) 
than for treatments that did not contain one (M = 78.5%, 

SE = 2.7%). The main effect of highlighting was also 
significant, F(1,1430) = 63.20, p < 0.001, d = 0.31, with 
more accurate change detection rates for treatments 
with highlighting (M = 84.9%, SE = 2.2%) than without 
it (M = 62.7%, SE = 2.1%). Location also rose to signifi-
cance, F(1, 1430) = 55.74, p < 0.001, d = 0.29, with higher 
accuracy for changes in critical information on the 
PDP (M = 84.2%, SE = 2.3%) than the Drug Facts Label 
(M = 63.6%, SE = 3.1%). Here, the three-way interaction 
also reached significance, F(1,1430) = 5.24, p = 0.022. 
Breaking down this interaction by label treatment so that 
we can examine the change location (PDP vs Drug Facts 
Label) by highlighting (present and absent) interactions 
separately by label treatment (standard and front warn-
ing label), the change location by highlight interaction is 
significant for standard labels, F(1,714) = 7.097, p = 0.008, 
but not for those including the novel front warning labels, 
F(1,714) = 0.177, p = 0.674. Examination of the means 
and simple effects tests indicate that although responses 
are more accurate with highlighting than without, the 
advantage of highlighting is greater for changes in the 
PDP location F(1,356) = 37.34, p < 0.001, d = 0.44, than 
for changes in the Drug Facts Label, F(1,356) = 11.13, 
p = 0.001, d = 0.30. The advantage in terms of increased 
accuracy when stimuli are highlighted for changes to 
the PDP was 0.247 and the advantage of highlighting for 
changes to the Drug Facts Label was 0.189. This is not 
terribly surprising since the font of the active ingredient, 
and thus the amount of highlighting, is larger in the PDP 
location than when changes in this information occurred 
in the Drug Facts Label.

Experiment 2
The pattern of data in  Experiment 2 was similar to 
that of the original experiment (see Fig.  5c, d). Like 
Experiment 1, all three main effects were significant. 
As with the first experiment, the main effect of label 
treatment, F(1, 489) = 10.03, p = 0.002, d = 0.18, was 
significant with the front warning label competing 
with the active ingredient for attention, resulting in 
faster detection of active ingredient changes in treat-
ments without a novel front warning label (M = 3.70, 
se = 0.021) than those with the front warning label 
(M = 3.77, SE = 0.021). There was also a main effect of 
highlighting, F(1, 506) = 9.82, p = 0.002, d = 0.18, with 
faster change detections in highlighted treatments 
(M = 3.7, SE = 0.021) than those without (M = 3.77, 
SE = 0.022). There was also a significant effect of loca-
tion, F(1, 511) = 135.8, p < 0.001, d = 0.68, with faster 
change detection when the change occurred in the 
PDP (M = 3.61, SE = 0.02) than in the Drug Facts 
Label (M = 3.85, SE = 0.022). However, in contrast to 
Experiment 1, a significant highlighting by location 
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interaction, F(1, 496) = 4.42, p = 0.036 was indicated 
for Experiment 2. The source of the interaction was that 
highlighting had a stronger effect on response times 
(Highlighted treatments were detected more quickly) 
for critical information changing in the PDP than for 
critical changes that occurred in the Drug Facts Label. 

For trials where the change occurred to critical infor-
mation on the Drug Facts Label, the simple effect 
of highlighting was not significant, F(1,204) = 0.45, 
p = 0.503, but when the change occurred on the PDP, 
performance was faster on trials with highlighted 
labels, F(1,286) = 14.43, p < 0.001, d = 0.37.
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Fig. 5 a Presents the mean reaction time for changes to active ingredients by condition for Experiment 1. b The corresponding mean accuracy 
data. c, d Present the mean reaction time and accuracy data for changes to active ingredients by condition for Experiment 2. For accuracy the 
values are the estimated marginal means. For reaction time, rather than present the log transformed data that was used for the analyses, for 
illustrative purposes we present the means of the raw data. Error bars represent the standard error of the mean
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For the accuracy data, the main effects for highlight-
ing, F(1, 894) = 8.57, p = 0.004, d = 0.14, and location, 
F(1,894) = 47.05, p < 0.001, d = 0.33, were statistically 
significant, echoing the reaction time data. Changes in 
highlighted treatments were more likely to be detected 
(M = 66.5%, SE = 3.3%) than treatments that were not 
highlighted (M = 56.5%, SE = 3.7%). Accuracy was also 
higher for changes in the PDP (M = 73.7%, SE = 3.1%) 
than changes in the Drug Facts Label (M = 49.2%, 
SE = 3.6%). However, the main effect of label treatment 
did not approach significance, F(1, 894) = 0.344, p = 0.56. 
So, unlike the reaction time data, the presence of our 
novel front warning label did not impact the ability to 
accurately detect changes to the active ingredient infor-
mation. Like with reaction time, there was a significant 
highlighting by location interaction, F(1, 894) = 12.32, 
p < 0.001, however the source of this interaction differs 
from the source for reaction time. For changes to the 
PDP accuracy was high for both highlighted and non-
highlighted conditions; there was no effect of highlight-
ing, F(1,443) = 0.158, p = 0 0.691. In contrast, for changes 
in the Drug Facts Label, participants were more accu-
rate with highlighted than nonhighlighted treatments, 
F(1,449) = 24.28, p < 0.001, d = 0.44.

Discussion of active ingredient changes
The data across both experiments was highly consist-
ent, supporting three general conclusions. First, high-
lighting effectively draws attention to itself; changes to 
critical information were detected more quickly and/or 
more accurately in highlighted treatments. Second, we 
have clear evidence that the addition of a front warning 
label enhances attention to critical warnings; that said, 
the addition of such a label competes with other criti-
cal information, namely the active ingredient, for atten-
tion. Changes to the active ingredient information were 
detected more slowly and/or less accurately in the pres-
ence of the competing, novel warning label (recall that 
the active ingredient did not appear in the warning 
label). Finally, it is clear that observers were faster and 
more accurate at detecting active ingredient changes that 
occur on the PDP than on the Drug Facts Label. One pos-
sible interpretation of this result is that observers have a 
bias to attend to information on the PDP, an interpreta-
tion that is consistent with work on nutrition labels (Bix 
et  al., 2015). However, because we followed regulations 
and commercial practice to create realistic treatments, 
we continued to format the active ingredient in a typi-
cal placement and font size on the PDP which was not 
size (or font) matched to the active ingredient informa-
tion in the Drug Facts Label, limiting the strength of this 
conclusion.

Warning label changes
Experiment 1
The mean reaction times by condition are plotted in 
Fig.  6a. Given that there was not a full factorial design 
(no changes to warnings positioned on the PDP were 
possible in the standard label conditions), we ran an 
omnibus 3 (Conditions: novel front warning label with a 
change to PDP, front warning label with a change to the 
Drug Facts Label, and standard label with a change to 
the Drug Facts Label) × 2 (highlighting/no highlighting) 
analysis. There was a significant main effect of condition, 
F(2,448) = 142.733, p < 0.001, a main effect highlight-
ing, F(1,453) = 11.676, p = 0.001, and no significant 
interaction, F(2,445) = 1.225, p = 0.295. The main effect 
of highlighting indicates that changes were detected 
more quickly for highlighted (M = 3.823; SE = 0.024) 
than unhighlighted (M = 3.896; SE = 0.027) conditions, 
d = 0.13. To localize the source of the main effect of con-
dition we performed Bonferroni adjusted pairwise com-
parisons. These demonstrate that the condition which 
had our novel front warning label and a change to the 
PDP (M = 3.608, SE = 0.027) differed significantly from 
both the condition with a novel front warning label with 
a change to the Drug Facts Label (M = 4.001, SE = 0.027, 
d = 0.82) and the standard label with a change to the Drug 
Facts Label conditions (M = 3.970, SE = 0.028, d = 0.75). 
The latter two conditions did not differ, d = 0.06.

The same 3 × 2 analysis on accuracy (see Fig. 6b) found 
no main effect of condition, F(2,2152) = 0.328, p = 0.721, 
a significant effect of highlighting, F(1,2152) = 151.687, 
p < 0.001, and a significant interaction, F(2,2152) = 5.510, 
p = 0.004. The interaction occurred because, although 
the effect of highlighting was significant for each con-
dition, it was less pronounced for the condition with a 
the novel front warning label and a change to the PDP 
(F(1,2152) = 22.403, d = 0.25) than the other two con-
ditions (novel front warning label with a change to the 
Drug Facts Label F(1,2152) = 68.798, p < 0.001, d = 0.45; 
Standard Label with a change to the Drug Facts Label 
F(1,2152) = 74.991, p < 0.001, d = 0.47). The lack of a main 
effect of condition, suggests that the RT results are not 
a result of a speed/accuracy tradeoff. The main effect of 
highlighting was consistent with reaction time findings, 
with higher accuracy for the highlighted (M = 0.554; 
SE = 0.031) than non-highlighted conditions (M = 0.289; 
SE = 0.028, d = 0.27).

Experiment 2. The mean reaction times by condition 
are plotted in Fig.  6c. We performed the same 3 × 2 
analysis as for Experiment 1 on the RT data. There was 
a main effect of condition, F(2,121) = 11.628, p < 0.001, 
but the highlighting main effect did not reach signifi-
cance, F(1,126) = 2.145, p = 0.145, nor did the interac-
tion, F(2,120) = 0.206, p = 0.814. Bonferroni adjusted 
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pairwise comparisons to localize the main effect of 
condition, again, found that the condition with the 
front warning label, and a change in the PDP location 
(M = 3.870, SE = 0.031) was detected more quickly 
than either of the other two conditions, (front warning 

label with change to the-Drug Facts Label M = 4.042, 
SE = 0.028, d = 0.87; Standard Label with a change to 
the Drug Facts Label M = 4.051, SE = 0.029, d = 0.92). 
Those later two conditions did not differ significantly, 
d = 0.05.
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Fig. 6 a The mean reaction time for changes to warnings by condition for Experiment 1. b The corresponding mean accuracy data. c, d present the 
mean reaction time and accuracy data for changes to warnings by condition for Experiment 2. For accuracy the values are the estimated marginal 
means. For reaction time, rather than present the log transformed data that was used for the analyses, for illustrative purposes we present the 
means of the raw data. Error bars represent the standard error of the mean
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The same 3 × 2 analysis on accuracy data (see Fig. 6d), 
found a main effect of condition F(2,677) = 3.895, 
p = 0.021, as well as a significant interaction between 
condition and highlighting, F(2,677) = 11.904, 
p < 0.001. The effect of highlighting was not significant, 
F(1,677) = 1.625, p = 0.203. Bonferroni corrected pair-
wise tests indicate that the condition with a front warn-
ing label and change in the Drug Facts Label (M = 0.238, 
SE = 0.036) had higher accuracy than the condition 
with a front warning label and a change to the PDP 
(M = 0.137, SE = 0.025, d = 0.22). Neither of these two 
conditions were significantly different from the standard 
label (M = 0.179, SE = 0.029, both ds < 0.14). The interac-
tion occurred because there were substantial differences 
in accuracy as a function of condition when changes were 
highlighted, F(2,677) = 13.864, p < 0.001, (standard vs. 
drugs facts d = 0.43, standard vs. PDP d = 0.30, drug facts 
label vs PDP d = 0.73) but not in the absence of highlight-
ing, F(2,677) = 1.330, p = 0.265, all ds < 0.18.

Discussion of warning changes
The Reaction time Data from Experiment 1 provide 
strong evidence for a bias to attend to information on the 
PDP; reaction times were much faster when a change to 
the critical warning information appeared on the PDP 
than when the warning information changed in the Drug 
Facts Label. This reaction time advantage for changes 
to the PDP was replicated in the second experiment. It 
is important to note that in these comparisons, unlike in 
the active ingredient changes, the warnings that changed 
were identical in both locations and, thus, not attribut-
able to differences in size or change complexity. Further, 
in  Experiment 1 this difference cannot be attributed to a 
speed accuracy trade off. However, in  Experiment 2, the 
accuracy for the changes to front of pack warnings was 
surprisingly low, raising the possibility that the replica-
tion of the reaction time benefit for front of pack labels 
could have been a result of a speed accuracy tradeoff.

Experiment 1 also showed a fairly clear benefit of 
highlighting, which is consistent with the results from 
the active ingredient changes. However, it is worth not-
ing that the effect of highlighting was more prevalent 
on accuracy than reaction time in  Experiment 1. In  
Experiment 2, where accuracy was generally low, the 
effect of highlighting did not replicate. In short, with 
the exception of the accuracy data for experiment 2, all 
the data from the warning labels and the active ingredi-
ent changes, suggest that both highlighting and front of 
pack warnings are effective at garnering attention to criti-
cal information. The reasons for the anomalous accuracy 
data in  Experiment 2 will be further discussed in the 
general discussion.

General discussion
We set out to address two specific aims focused on how 
novel label designs for OTCs impact attentional alloca-
tion to critical information by older adults. Overall, these 
two experiments suggest that both highlighting and add-
ing a front of package warning label have the potential to 
increase attentional allocation to critical OTC medication 
information viewed by older adults. Both experiments 
provide evidence that use of a label that highlighted criti-
cal information resulted in more attention to that critical 
information than an unhighlighted label. Highlighting led 
to an increase in accuracy and a decrease in RT for active 
ingredient information in both experiments. Highlighting 
also resulted in increased accuracy and decreased reac-
tion time for changes to critical warnings in  Experiment 
1. The only case where highlighting did not show consist-
ent attentional benefits was in the warning changes of 
Experiment 2, an anomalous case that will be discussed 
below. In addition, our results provide evidence that 
information on the PDP was more likely to be attended 
to than information in the Drug Facts Label. This find-
ing suggests that the addition of a front warning label is 
a strategy worth pursuing as a means to increase aware-
ness of critical warnings. However, we note that there is 
a tradeoff; the increased attention to warnings produces 
a slight reduction in attention to the active ingredients 
in the PDP location. However, we note that performance 
for the currently used label (standard with no highlight-
ing see Fig. 2) was far superior for active ingredients than 
warnings, so we believe the benefits of increasing atten-
tion to the warnings will outweigh the costs of diverting 
some attention away from active ingredients.

Further, we believe that the advantages our study enu-
merates regarding the use of a novel front warning label 
are actually underestimated by our study design. Specifi-
cally, in order to employ the change detection methodol-
ogy, stimulus material was presented as flattened designs 
which included both the Drug Facts Label and the PDP 
simultaneously (see Fig.  1). The advantage of the front 
warning label is likely to be even more pronounced in 
realistic contexts where the box would have to be rotated 
to view the information present on the Drug Facts Label; 
eye-tracking research investigating attentional behavior 
when evaluating an OTC package suggest that people 
often do not even turn to the side of the package contain-
ing the Drug Facts Label (Liu, 2016).

In general, both experiments suggest that both of our 
label treatments are promising strategies and the pat-
terns of data from both experiments were highly consist-
ent. However, there was one exception; the accuracy data 
for highlighted warning changes in  Experiment 2 were 
surprisingly low and did not follow this pattern. While 
these findings might raise questions about the strength 
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of our conclusions, we think the highly consistent find-
ings across all conditions suggest that instead there may 
be something anomalous occurring in these conditions. 
While it is speculative, we think the low accuracy rates 
in these conditions occurred because of how we imple-
mented the change in these conditions. In these condi-
tions, the change involved only highlighting disappearing 
from the warnings, the warning text did not change. By 
contrast, in  Experiment 1, both the highlighting and 
warning text disappeared. Thus, one plausible interpre-
tation of the very low accuracies in the highlighted con-
ditions of Experiment 2 is that highlighting serves to 
draw attention to the highlighted text, without people 
necessarily encoding the highlighting itself. Thus, high-
lighting could make people more sensitive to changes in 
highlighted content, as they were in  Experiment 1, even 
though people were relatively insensitive to detecting 
that the highlighting itself was changing across flicker. In 
some respects, this explanation is similar to the finding 
of one of the earliest reports of change blindness. McCo-
nkie and Zola (1979) had participants read text that was 
presented in AlTeRnAtInG tExt (McConkie & Zola, 
1979). During some eye movements, the case of every 
letter in the passage changed, yet none of the subjects 
noticed this massive change to the physical properties 
of the text. Instead readers seemed to be encoding the 
words to some deeper level (e.g., letter identification or 
semantics) which are not influenced by the change in the 
physical properties.

It is also worth noting that overall accuracy, even in 
the other conditions was lower in  Experiment 2 than in  
Experiment 1. While there are many reasons this could 
have occurred, one possible reason is that the demo-
graphics of the subjects differed between the experi-
ments. Participants in  Experiment 1 were more highly 
educated than participants in  Experiment 2. These fac-
tors may have made the task overall more difficult for the 
participants in second experiment.

Limitations
To assess our ability to detect potential differences 
between our experimental treatments, we conducted 
a series of post-hoc sensitivity power analyses using 
G*Power (Faul et al., 2007) for a factorial repeated meas-
ures design with either 6 (warning changes) or 8 (active 
ingredient changes) cells in which the correlations for 
repeated measures ranged from 0.10 to 0.20 (which were 
the observed values from our data), and the sample size 
was 60 (Exp 1) or 57 (Exp 2). These analyses indicated 
that using an alpha of 0.05 and power of 0.80 our sam-
ples were powered to detect effects ranging in size from 
d = 0.28 to 0.38. Thus, our analyses could detect mod-
erate effects. It is possible that some of the effects that 

did not emerge as statistically significant were smaller 
and may have been found if the sample sizes for the two 
experiments had been larger. Even so, across experiments 
our results provide compelling evidence that attention 
was prioritized to information on the front of the pack-
age and to highlighted information.

A second possible limitation is that for changes involv-
ing the active ingredient, the comparison between 
changes to the front of pack and the Drug Facts Label 
had a confound because the active ingredient appeared 
in larger text when on the front of the package. While 
this confound is undesirable from a methodological per-
spective, it is necessary when performing this type of 
real-world research. In practice the active ingredient on 
commercially available products is presented at a much 
large front on the front of the package than in the Drug 
Facts Label. We intentionally mimicked this reality in our 
design. Further, we note that this size confound did not 
occur in the warning changes, and there was a clear RT 
advantage for front of pack changes in these conditions as 
well. Thus, we do not believe that the size confound can 
completely explain our results. Instead, consistent with 
prior research (Becker et  al., 2015; Graham et  al., 2015; 
Liu, 2016), we believe these results suggest that informa-
tion appearing on the front of packages is prioritized for 
attention.

An additional possible criticism is that prior research 
has already established that highlighting and reposition-
ing warnings to the front of the package would induce 
attention. We tested these approaches because they 
held the promise of benefit, however there was no guar-
antee that they would be effective. Literature explor-
ing the effects of highlighting text is somewhat mixed. 
While much of this research has been done in the con-
text of examining effective study habits, it suggests that 
highlighting may be ineffective if too much information 
is highlighted (Dunlosky et al., 2013). Given the number 
of warning that are deemed critical to reducing ADRs 
across individuals, there was a real concern that the 
amount of highlighting, and such a dense area of high-
lighting, in the front warning label might counteract its 
possible benefits. Thus, determining the efficacy of high-
lighting all the drug/drug and drug/diagnosis warnings 
that exist for currently available OTCs is of value. Fur-
ther, while prior work in nutritional labeling supports the 
use of front-of-pack labelling ( see Kanter et al., 2018 for 
a review), there is limited evidence of its effectiveness for 
OTC medications (Liu, 2016). In addition, we note that 
there is a good deal of inertia against the incorporation of 
these ideas into regulations (front of pack nutrition labels 
are yet to be standardized or required for US markets), 
and, absent regulation, manufacturers are reticent to 
adopt. Growing the available body of objective evidence 
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is an important step in informing and catalyzing regula-
tions to overcome this inertia. The data we provide are a 
first piece of evidence to suggest that these types of label 
changes may be beneficial, however, we recognize that it 
is just one piece of the evidence that will be needed to 
influence change.

A related substantive concern is whether results from 
a change detection method would generalize to a pur-
chase scenario. While this is a legitimate concern, there 
are both reasons why we believe it may generalize and 
reasons why it is important to do these type of controlled 
studies before trying to implement a more realistic inter-
vention. Prior work that compared verbal descriptions of 
scenes to change detection performance (Rensink et  al., 
1997), suggested that the same elements that were pri-
oritized during the verbal descriptions, where those that 
were detected quickly during change detection. That is, 
across very different tasks (a change detection and verbal 
description task) the elements that were prioritized for 
attention remained consistent. In addition, as mentioned 
in the introduction, research on nutrition labeling shows 
that labels indicated to be prioritize for attention via a 
change detection method (Becker et al., 2015) were also 
prioritized during product evaluation and selection as 
indicated by eye tracking (Bix et al., 2015; Graham et al., 
2015; Van Herpen & Van Trijp, 2011). This gives us some 
confidence that the attentional prioritization metrics 
determined by our change detection task would general-
ize across disparate tasks.

That said, we note that the gold standard for evaluating 
whether these label changes will be effective is to engage 
in a naturalistic experiment in which they are imple-
mented within a store context, and changes in purchasing 
behavior associated with their introduction are investi-
gated. However, we note that this type of gold standard 
rarely occurs, because it is prohibitively expensive and 
difficult to implement. In addition, prior to embarking 
on such a trial, it is important to first verify that the label 
one implements during such a trial is a label that is likely 
to be effective; testing designs that garner attention are 
critical given that attending to critical information is a 
prerequisite to further processing of that information. In 
the absence of attention, the critical messages commu-
nicated by the label will be derailed at an early stage of 
processing.

Indeed, warnings on cigarette packages provide a 
prime example of why designing a label that is likely to 
attract attention before widespread implementation is 
critical. There have been different methods of labelling 
the dangers of smoking on cigarette packages throughout 
the world, with the US adopting a small, black and white, 
text-based warning that appears on the side of the pack-
age and Canada adopting a large picture and text-based 

warning on the front of the package. A 2006 study (Ham-
mond et al., 2006) of the effectiveness of these warnings, 
found that frequent smokers (> 16 cigarettes per day on 
average) in Canada were almost twice as likely as their 
US counterparts to report noticing information about the 
dangers of smoking from cigarette packages, with over 
53% of US smokers failing to report noticing the warn-
ing often or very often in the last 6 months. Importantly, 
the study also found that noticing warning on cigarette 
packages was positively associated with knowledge of the 
health risks of smoking, even after adjusting for noticing 
anti-smoking messages in other media. That is, there is 
evidence from the labeling of cigarettes that labels can 
be an effective source of information, but their ability to 
provide this information depends critically on designing 
a label that will garner attention.

We note that the type of pictorial warning used for cig-
arettes is impossible to implement with OTCs given that 
OTC warnings are more extensive and which warning is 
most important often depends on the particular observ-
er’s health status. Even so, the example highlights the 
importance of doing pretesting of a label to establish that 
is likely to attract attention to itself, prior to under-going 
such a trial implementation.

Future directions
As with any single study, the conclusion we draw require 
replication and ideally those replications will provide 
converging measures and disparate tasks to help further 
the generalizability of these results. Additionally, going 
forward it will be important to determine whether these 
same types of labels are also particularly beneficial when 
people are trying to evaluate the safety of medications, 
and engaging their volitional attentional systems. To do 
so, we have begun collecting data (which was suspended 
mid-collection due to Covid-19) on experiments that use 
more traditional visual search tasks in which older adults 
are given the goal of searching these labels for a spe-
cific warning or active ingredient. We also have planned 
experiments in which participants are asked to evaluate 
whether a given OTC medication would be appropriate 
for them to take given their health status, which should 
allow us to evaluate how these different labels influence 
decision making. Finally, we aim to integrate eye-track-
ing as well as reaction time and accuracy measures. We 
believe that across these tasks we will be able to com-
prehensively evaluate how these types of label designs 
impact attention and decision making, in hopes of pro-
viding well-supported recommendations for improved 
OTC labels which mitigate the likelihood of an ADR. As 
noted above, these types of lab-based, controlled stud-
ies are an important precursor to larger scale naturalistic 
interventions in real-world contexts; prior to launching 
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such an intervention it is necessary to ensure that the 
label one is introducing is likely to be successful at gar-
nering attention to itself.

Conclusion
In summary, the results of the two change detection stud-
ies suggest that highlighting information critical to the 
safe and effective use of OTC drugs and the use of a front 
of package warning label are beneficial in attracting older 
adults’ attention. These two labeling strategies should 
be further explored and if our findings are found to be 
robust across tasks and converging measures, regulators 
interested in increasing the likelihood consumers interact 
with critical safety information before making OTC pur-
chase should consider these factors for implementation.

In closing, while we have focused on OTC labeling in 
this paper, we believe that there are myriad of opportuni-
ties for people who study visual cognition to apply their 
knowledge and methods to the design and evaluation of 
more effective methods of conveying critical information 
to consumers and health care providers. By leveraging 
those techniques and knowledge, it may be possible to 
substantially increase health and safety.

Acknowledgements
The authors would like to thank Andrew Nathan, Kaitlin Anderson, and Cory 
Wilson for their help in data collection. We would also like to acknowledge 
Christi Demitz with MSU Extension of Kent County for their help in recruiting 
participants and providing a space for data collection.

Authors’ contributions
AH—Study conception and planning; creation of Experiment 2 stimulus and 
program codes; collection of Experiment 2 data; analysis and interpretation 
of Experiment 2 data; visualization of data; drafting of article; final approval 
of draft. DAK—Analysis and interpretation of data; visualization of data; final 
approval of draft. SE—collection of Experiment 1 and 2 data; analysis and 
interpretation of Experiment 1 data; drafting of article, final approval of draft. 
LL—Study planning; creation of tools, study stimulus and program codes; 
final approval of article. LB—Study conception and planning; analysis and 
interpretation of data; drafting of article; final approval of article. MWB—Study 
conception and planning; Analysis and interpretation of data; Visualization 
of data; significant drafting and revision of article; final approval of article. All 
authors read and approved the final manuscript.

Funding
Experiment 1 was supported with funding obtained from the 2017 Pearl J 
Aldrich Endowment in Aging Related Research at Michigan State University, 
and an internal grant administered through the Clinical and Translational 
Sciences Institute (CTSI) Seed Grant Program. Experiment 2 was supported by 
grant number R01HS025386 from the Agency for Healthcare Research and 
Quality. The content is solely the responsibility of the authors and does not 
necessarily represent the official views of the Agency for Healthcare Research 
and Quality. A portion of Laura Bix’s salary is supported by the USDA National 
Institute of Food and Agriculture (NIFA) Hatch project MICL02554; thanks to 
the NIFA program for the continued support. These funders/contributors had 
no role in designing the study; collecting, analyzing or interpreting the data; 
writing the publication or decision to submit. No agreements exist with them 
precluding the sharing of the data or materials.

Availability of data and materials
All stimuli and datasets used and/or analyzed for the current study are publicly 
available on the Open Science Framework at https:// osf. io/ s8h54/.

Declarations

Ethics approval and consent to participate
All methods were conducted in accordance with approvals granted by the 
Michigan State University IRB under the number × 17-922eD (Experiment 1) 
and Michigan State Univeristy Psychology and Social Science Internal Review 
Board STUDY00000832 (Experiment 2).

Consent for publication
All authors have provided significant contributions to this effort, have had the 
opportunity to contribute to this draft and provided approvals of the same.

Competing interests
LB has served as a consultant to Vertex Pharmaceuticals, Inc., a biotech firm 
focused on drugs to treat cystic fibrosis, providing expertise on the develop-
ment of protocols to evaluate packaging ease of use. LB has received an 
honorarium and travel reimbursement to speak at Baxter and Johnson & John-
son Companies and travel reimbursement to share work from her group at the 
International Quality and Productivity Center’s conference on Pharmaceutical 
Labeling. Travel reimbursement has also been provided by the US Food and 
Drug Administration (FDA) and the US Centers for Disease Control and Pre-
vention (CDC) in support of her participation for ongoing efforts medication 
safety. LL’s work which also investigated OTC labeling strategies, was funded 
by the Consumer Healthcare Products Association (CHPA) and MWB and 
LB were co-PIs for these funds. None of these entities played any role in the 
design or conduct of the study; collection, management, analysis or interpre-
tation of the date; preparation, review or approval of the manuscript or the 
decision to submit or publish the study.

Author details
1 Michigan State University School of Packaging, 448 Wilson Road, East Lansing, 
MI 48824, USA. 2 Department of Psychology, Michigan State University, 316 
Physic Rd., East Lansing, MI 48824, USA. 

Received: 30 September 2020   Accepted: 14 May 2021

References
Asseray, N., Ballereau, F., Trombert-Paviot, B., Bouget, J., Foucher, N., Renaud, B., 

Roulet, L., Kierzek, G., Armand-Perroux, A., Potel, G., Schmidt, J., Carpentier, 
F., & Queneau, P. (2013). Frequency and severity of adverse drug reactions 
due to self-medication: A cross-sectional multicentre survey in emer-
gency departments. Drug Safety, 36, 1159–1168. https:// doi. org/ 10. 1007/ 
s40264- 013- 0114-y

Awh, E., Belopolsky, A. V., & Theeuwes, J. (2012). Top-down versus bottom-up 
attentional control: A failed theoretical dichotomy. Trends in Cognitive Sci-
ences, 16(8), 437–443. https:// doi. org/ 10. 1016/j. tics. 2012. 06. 010

Bass, P. F., Wilson, J. F., & Griffith, C. H. (2003). A shortened instrument for literacy 
screening. Journal of General Internal Medicine, 18, 1036–1038. https:// doi. 
org/ 10. 1111/j. 1525- 1497. 2003. 10651.x

Becker, M. W., Bello, N. M., Sundar, R. P., Peltier, C., & Bix, L. (2015). Front of pack 
labels enhance attention to nutrition information in novel and com-
mercial brands. Food Policy, 56, 76–86. https:// doi. org/ 10. 1016/j. foodp ol. 
2015. 08. 001

Biggs, A. T., & Mitroff, S. R. (2014). Improving the efficacy of security screening 
tasks: A review of visual search challenges and ways to mitigate their 
adverse effects. Applied Cognitive Psychology, 29, 142–148. https:// doi. org/ 
10. 1002/ acp. 3083

Bix, L., Sundar, R. P., Bello, N. M., Peltier, C., Weatherspoon, L. J., & Becker, M. W. 
(2015). To see or not to see: Do front of pack nutrition labels affect atten-
tion to overall nutrition information? PLoS ONE. https:// doi. org/ 10. 1371/ 
journ al. pone. 01397 32

Borgmeier, I., & Westenhoefer, J. (2009). Impact of different food label 
formats on healthiness evaluation and food choice of consumers: A 
randomized-controlled study. BMC Public Health. https:// doi. org/ 10. 1186/ 
1471- 2458-9- 184

Bourgeois, F. T., Shannon, M. W., Valim, C., & Mandl, K. D. (2010). Adverse 
drug events in the outpatient setting: An 11-year national analysis. 

https://osf.io/s8h54/
https://doi.org/10.1007/s40264-013-0114-y
https://doi.org/10.1007/s40264-013-0114-y
https://doi.org/10.1016/j.tics.2012.06.010
https://doi.org/10.1111/j.1525-1497.2003.10651.x
https://doi.org/10.1111/j.1525-1497.2003.10651.x
https://doi.org/10.1016/j.foodpol.2015.08.001
https://doi.org/10.1016/j.foodpol.2015.08.001
https://doi.org/10.1002/acp.3083
https://doi.org/10.1002/acp.3083
https://doi.org/10.1371/journal.pone.0139732
https://doi.org/10.1371/journal.pone.0139732
https://doi.org/10.1186/1471-2458-9-184
https://doi.org/10.1186/1471-2458-9-184


Page 19 of 20Harben et al. Cogn. Research            (2021) 6:40  

Pharmacoepidemiology and Drug Safety, 19, 901–910. https:// doi. org/ 10. 
1002/ pds. 1984

Costello, M. C., Madden, D. J., Mitroff, S. R., & Whiting, W. L. (2010). Age-related 
decline of visual processing components in change detection. Psychology 
and Aging, 25(2), 356–368. https:// doi. org/ 10. 1037/ a0017 625

Davies, E. A., & O’Mahony, M. S. (2015). Adverse drug reactions in special 
populations—The elderly. British Journal of Clinical Pharmacology, 80(4), 
796–807. https:// doi. org/ 10. 1111/ bcp. 12596

Davis, T. C., Wolf, M. S., Bass, P. F., Middlebrooks, M., Kennen, E., Baker, D. W., Ben-
nett, C. L., Durazo-Arvizu, R., Bocchini, A., Savory, S., & Parker, R. M. (2006). 
Low literacy impairs comprehension of prescription drug warning labels. 
Journal of General Internal Medicine, 21(8), 847–851. https:// doi. org/ 10. 
1111/j. 1525- 1497. 2006. 00529.x

DeHenau, C., Becker, M. W., Bello, N. M., Liu, S., & Bix, L. (2016). Tallman lettering 
as a strategy for differentiation in look-alike, sound-alike drug names: The 
role of familiarity in differentiating drug doppelgangers. Applied Ergonom-
ics, 52, 77–84. https:// doi. org/ 10. 1016/j. apergo. 2015. 06. 009

Dunlosky, J., Rawson, K. A., Marsh, E. J., Nathan, M. J., & Willingham, D. T. (2013). 
Improving students’ learning with effective learning techniques: Promis-
ing directions from cognitive and educational psychology. Psychological 
Science in the Public Interest, Supplement, 14(1), 4–58. https:// doi. org/ 10. 
1177/ 15291 00612 453266

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible 
statistical power analysis program for the social, behavioral, and biomedi-
cal sciences. Behavior Research Methods, 39(2), 175–191. https:// doi. org/ 
10. 3758/ BF031 93146

Geng, J. J., & Behrmann, M. (2005). Spatial probability as an attentional cue in 
visual search. Perception and Psychophysics, 67(7), 1252–1268. https:// doi. 
org/ 10. 3758/ BF031 93557

Graham, D. J., Heidrick, C., & Hodgin, K. (2015). Nutrition label viewing during 
a food-selection task: Front-of-package labels vs nutrition facts labels. 
Journal of the Academy of Nutrition and Dietetics, 115(10), 1636–1646.

Guthrie, B., Makubate, B., Hernandez-Santiago, V., & Dreischulte, T. (2015). The 
rising tide of polypharmacy and drug-drug interactions: Population 
database analysis 1995–2010. BMC Medicine. https:// doi. org/ 10. 1186/ 
s12916- 015- 0322-7

Hammond, D., Fong, G. T., McNeill, A., Borland, R., & Cummings, K. M. (2006). 
Effectiveness of cigarette warning labels in informing smokers about the 
risks of smoking: Findings from the International Tobacco Control (ITC) 
Four Country Survey. Tobacco Control, 15(SUPPL. 3), 19–25. https:// doi. 
org/ 10. 1136/ tc. 2005. 012294

Hersey, J. C., Wohlgenant, K. C., Arsenault, J. E., Kosa, K. M., & Muth, M. K. (2013). 
Effects of front-of-package and shelf nutrition labeling systems on con-
sumers. Nutrition Reviews, 71(1), 1–14. https:// doi. org/ 10. 1111/ nure. 12000

Hoffman, L., Atchley, P., McDowd, J. M., & Dubinsky, R. (2005). The role of visual 
attention in predicting driving impairment in older adults. Psychology and 
Aging, 20(4), 610–622. https:// doi. org/ 10. 1037/ 0882- 7974. 20.4. 610

Jones, B. T., Jones, B. C., Smith, H., & Copley, N. (2003). A flicker paradigm for 
inducing change blindness reveals alcohol and cannabis information 
processing biases in social users. Addiction, 98(2), 235–244. https:// doi. 
org/ 10. 1046/j. 1360- 0443. 2003. 00270.x

Jones, G., & Richardson, M. (2007). An objective examination of consumer 
perception of nutrition information based on healthiness ratings and eye 
movements. Public Health Nutrition, 10(3), 238–244. https:// doi. org/ 10. 
1017/ S1368 98000 72585 13

Kanter, R., Vanderlee, L., & Vandevijvere, S. (2018). Front-of-package nutrition 
labelling policy: Global progress and future directions. Public Health Nutri-
tion, 21(8), 1399–1408. https:// doi. org/ 10. 1017/ S1368 98001 80000 10

Katzman, R., Brown, T., Fuld, P., Peck, A., Schechter, R. & Schimmel, H. (1983). 
Validation of a short orientation-memory-concentration test of cognitive 
impairment. American Journal of Psychiatry, 140(6), 734–739.

Kelly, B., Hughes, C., Chapman, K., Chun-Yu Louie, J., Dixon, H., Crawford, J., 
King, L., Daube, M., & Slevin, T. (2009). Consumer testing of the accept-
ability and effectiveness of front-of-pack food labelling systems for the 
Australian grocery market. Health Promotion International, 24(2), 120–129. 
https:// doi. org/ 10. 1093/ heapro/ dap012

King, J. P., Davis, T. C., Bailey, S. C., Jacobson, K. L., Hedlund, L. A., Di Francesco, 
L., Parker, R. M., & Wolf, M. S. (2011). Developing consumer-centered, 
nonprescription drug labeling: A study in acetaminophen. American 
Journal of Preventive Medicine, 40(6), 593–598. https:// doi. org/ 10. 1016/j. 
amepre. 2011. 02. 016

Kobayashi, L. C., Wardle, J., Wolf, M. S., & Von Wagner, C. (2016). Aging and 
functional health literacy: A systematic review and meta-analysis. Journals 
of Gerontology—Series B Psychological Sciences and Social Sciences, 71(3), 
445–457. https:// doi. org/ 10. 1093/ geronb/ gbu161

Labeling Requirements for Over-the-Counter Drugs. (2020). 21 C.F.R.§ 201.60.
Lavan, A. H., & Gallagher, P. (2016). Predicting risk of adverse drug reactions in 

older adults. Therapeutic Advances in Drug Safety, 7(1), 11–22. https:// doi. 
org/ 10. 1177/ 20420 98615 615472

Lazarou, J., Pomeranz, B. H., & Corey, P. N. (1998). Incidence of adverse drug 
reactions in hospitalized patients: A meta-analysis of prospective studies. 
Journal of the American Medical Association, 279(15), 1200–1205. https:// 
doi. org/ 10. 1001/ jama. 279. 15. 1200

Lee, J., Ladoni, M., Richardson, J., Sundar, R. P., & Bix, L. (2019). Investigating the 
efficacy of an interactive warning for use in labeling strategies used by 
us pharmacies. Pharmacy Practice, 17(2), 1–13. https:// doi. org/ 10. 18549/ 
Pharm Pract. 2019.2. 1463

Levin, D. T., Momen, N., Drivdahl, S. B., & Simons, D. J. (2000). Change blindness 
blindness: The metacognitive error of overestimating change-detection 
ability. Visual Cognition, 7(1–3), 397–412. https:// doi. org/ 10. 1080/ 13506 
28003 94865

Levy, D. E., Riis, J., Sonnenberg, L. M., Barraclough, S. J., & Thorndike, A. N. (2012). 
Food choices of minority and low-income employees: A cafeteria inter-
vention. American Journal of Preventive Medicine, 43(3), 240–248. https:// 
doi. org/ 10. 1016/j. amepre. 2012. 05. 004

Liu, L. (2016). The effect of labeling content and prominence on information 
processing among older adults during self-selection of over-the-counter 
medications. Michigan State University.

Luck, S. J., & Vogel, E. K. (1997). The capacity of visual working memory for 
features and conjuctions. Nature, 390, 279–281.

Mack, A. (2003). Inattentional blindness: Looking without seeing. Association 
for Psychological Science, 12(5), 180–184. https:// doi. org/ 10. 7551/ mitpr 
ess/ 3707. 001. 0001

Martin-Hammond, A. M., Abegaz, T., & Gilbert, J. E. (2015). Designing an over-
the-counter consumer decision-making tool for older adults. Journal of 
Biomedical Informatics, 57, 113–123. https:// doi. org/ 10. 1016/j. jbi. 2015. 07. 
006

McCarley, J. S., Vais, M. J., Pringle, H., Kramer, A. F., Irwin, D. E., & Strayer, D. L. 
(2004). Conversation disrupts change detection in complex traffic scenes. 
Human Factors, 46(3), 424–436. https:// doi. org/ 10. 1518/ hfes. 46.3. 424. 
50394

McConkie, G. W., & Zola, D. (1979). Is visual information integrated across suc-
cessive fixations in reading? Perception & Psychophysics, 25(3), 221–224. 
https:// doi. org/ 10. 3758/ BF032 02990

McNeil Consumer Healthcare. (2015). Americans Should Pay More Attention to 
Over-the-Counter ( OTC ) Medicine Labels According to New Survey. https:// 
www. prnew swire. com/ news- relea ses/ ameri cans- should- pay- more- atten 
tion- to- over- the- count er- otc- medic ine- labels- accor ding- to- new- survey- 
30016 0108. html.

Miller, J. (1988). Components of the location probability effect in visual search 
tasks. Journal of Experimental Psychology: Human Perception and Perfor-
mance, 14(3), 453–471. https:// doi. org/ 10. 1037/ 0096- 1523. 14.3. 453

Mitroff, S. R., Biggs, A. T., & Cain, M. S. (2015). Multiple-target visual search 
errors: Overview and implications for airport security. Policy Insights from 
the Behavioral and Brain Sciences, 2(1), 121–128. https:// doi. org/ 10. 1177/ 
23727 32215 601111

Morales, A. C., Amir, O., & Lee, L. (2017). Keeping it real in experimental 
research-understanding when, where, and how to enhance realism 
and measure consumer behavior. Journal of Consumer Research, 44(2), 
465–476. https:// doi. org/ 10. 1093/ jcr/ ucx048

Murty, S., & Sansgiry, S. S. (2007). Consumer comprehension of OTC medication 
labels and the scope for improvement in font size. Journal of Pharmacy 
Technology, 23, 207–213. https:// doi. org/ 10. 1177/ 87551 22507 02300 404

Nair, N. P., Chalmers, L., Peterson, G. M., Bereznicki, B. J., Castelino, R. L., & 
Bereznicki, L. R. (2016). Hospitalization in older patients due to adverse 
drug reactions—The need for a prediction tool. Clinical Interventions in 
Aging, 11, 497–505. https:// doi. org/ 10. 2147/ CIA. S99097

Nisbett, R. E., & Wilson, T. D. (1977). Telling more than we can know: Verbal 
reports on mental processes. Psychological Review, 84(3), 231–259. https:// 
doi. org/ 10. 1037/ 0033- 295X. 84.3. 231

https://doi.org/10.1002/pds.1984
https://doi.org/10.1002/pds.1984
https://doi.org/10.1037/a0017625
https://doi.org/10.1111/bcp.12596
https://doi.org/10.1111/j.1525-1497.2006.00529.x
https://doi.org/10.1111/j.1525-1497.2006.00529.x
https://doi.org/10.1016/j.apergo.2015.06.009
https://doi.org/10.1177/1529100612453266
https://doi.org/10.1177/1529100612453266
https://doi.org/10.3758/BF03193146
https://doi.org/10.3758/BF03193146
https://doi.org/10.3758/BF03193557
https://doi.org/10.3758/BF03193557
https://doi.org/10.1186/s12916-015-0322-7
https://doi.org/10.1186/s12916-015-0322-7
https://doi.org/10.1136/tc.2005.012294
https://doi.org/10.1136/tc.2005.012294
https://doi.org/10.1111/nure.12000
https://doi.org/10.1037/0882-7974.20.4.610
https://doi.org/10.1046/j.1360-0443.2003.00270.x
https://doi.org/10.1046/j.1360-0443.2003.00270.x
https://doi.org/10.1017/S1368980007258513
https://doi.org/10.1017/S1368980007258513
https://doi.org/10.1017/S1368980018000010
https://doi.org/10.1093/heapro/dap012
https://doi.org/10.1016/j.amepre.2011.02.016
https://doi.org/10.1016/j.amepre.2011.02.016
https://doi.org/10.1093/geronb/gbu161
https://doi.org/10.1177/2042098615615472
https://doi.org/10.1177/2042098615615472
https://doi.org/10.1001/jama.279.15.1200
https://doi.org/10.1001/jama.279.15.1200
https://doi.org/10.18549/PharmPract.2019.2.1463
https://doi.org/10.18549/PharmPract.2019.2.1463
https://doi.org/10.1080/135062800394865
https://doi.org/10.1080/135062800394865
https://doi.org/10.1016/j.amepre.2012.05.004
https://doi.org/10.1016/j.amepre.2012.05.004
https://doi.org/10.7551/mitpress/3707.001.0001
https://doi.org/10.7551/mitpress/3707.001.0001
https://doi.org/10.1016/j.jbi.2015.07.006
https://doi.org/10.1016/j.jbi.2015.07.006
https://doi.org/10.1518/hfes.46.3.424.50394
https://doi.org/10.1518/hfes.46.3.424.50394
https://doi.org/10.3758/BF03202990
https://www.prnewswire.com/news-releases/americans-should-pay-more-attention-to-over-the-counter-otc-medicine-labels-according-to-new-survey-300160108.html
https://www.prnewswire.com/news-releases/americans-should-pay-more-attention-to-over-the-counter-otc-medicine-labels-according-to-new-survey-300160108.html
https://www.prnewswire.com/news-releases/americans-should-pay-more-attention-to-over-the-counter-otc-medicine-labels-according-to-new-survey-300160108.html
https://www.prnewswire.com/news-releases/americans-should-pay-more-attention-to-over-the-counter-otc-medicine-labels-according-to-new-survey-300160108.html
https://doi.org/10.1037/0096-1523.14.3.453
https://doi.org/10.1177/2372732215601111
https://doi.org/10.1177/2372732215601111
https://doi.org/10.1093/jcr/ucx048
https://doi.org/10.1177/875512250702300404
https://doi.org/10.2147/CIA.S99097
https://doi.org/10.1037/0033-295X.84.3.231
https://doi.org/10.1037/0033-295X.84.3.231


Page 20 of 20Harben et al. Cogn. Research            (2021) 6:40 

O’Connor, M. N., Gallagher, P., Byrne, S., & O’Mahony, D. (2012). Adverse drug 
reactions in older patients during hospitalisation: Are they predictable? 
Age and Ageing, 41, 771–776. https:// doi. org/ 10. 1093/ ageing/ afs046

Pringle, H. L., Irwin, D. E., Kramer, A. F., & Atchley, P. (2001). The role of atten-
tional breadth in perceptual change detection. Psychonomic Bulletin and 
Review, 8(1), 89–95. https:// doi. org/ 10. 3758/ BF031 96143

Qato, D. M., Wilder, J., Schumm, L. P., Gillet, V., & Alexander, G. C. (2016). Changes 
in prescription and over-the-counter medication and dietary supplement 
use among older adults in the United States, 2005 vs 2011. JAMA Internal 
Medicine, 176(4), 473–482. https:// doi. org/ 10. 1001/ jamai ntern med. 2015. 
8581

Rensink, R. A., O’Regan, J. K., & Clark, J. J. (1997). TO SEE OR NOT TO SEE: The 
need for attention to perceive changes in scenes. American Psychological 
Society, 8(5), 368–373.

Roberto, C. A., Bragg, M. A., Seamans, M. J., Mechulan, R. L., Novak, N., & 
Brownell, K. D. (2012). Evaluation of consumer understanding of different 
front-of-package nutrition labels, 2010–2011. Preventing Chronic Disease, 
9, 2010–2011. https:// doi. org/ 10. 5888/ pcd9. 120015

Schmiedl, S., Rottenkolber, M., Hasford, J., Rottenkolber, D., Farker, K., Drewelow, 
B., Hippius, M., Saljé, K., & Thürmann, P. (2014). Self-medication with 
over-the-counter and prescribed drugs causing adverse-drug-reac-
tion-related hospital admissions: Results of a prospective, long-term 
multi-centre study. Drug Safety, 37, 225–235. https:// doi. org/ 10. 1007/ 
s40264- 014- 0141-3

Schneider, W., & Shiffrin, R. M. (1977). Controlled and automatic human 
information processing: I. Detection, search, and attention. Psychological 
Review, 84(1), 1–66. https:// doi. org/ 10. 1037/ 0033- 295X. 84.1.1

Seo, D. C. (2014). Assessing the effect of varied design elements on information 
processing in medical device labels. Michigan State University.

Simons, D. J., & Chabris, C. F. (1999). Gorilla in Our Midst: Sustained inatten-
tional blindness for dynamic events. Perception. https:// doi. org/ 10. 1038/ 
scien tific ameri can07 98- 28

Simons, D. J., & Rensink, R. A. (2005). Change blindness: Past, present, and 
future. Trends in Cognitive Sciences, 9(1), 16–20. https:// doi. org/ 10. 1016/j. 
tics. 2004. 11. 006

Specific Labeling Requirements for Specific Drug Products (2020). 21 C.F.R.§ 
201.326

Stirk, J. A., & Underwood, G. (2007). Low-level visual saliency does not predict 
change detection in natural scenes. Journal of Vision, 7(10), 1–10. https:// 
doi. org/ 10. 1167/7. 10.3

Taylor, J. (1994). Reasons consumers do not ask for advice on non-prescription 
medicines in pharmacies. International Journal of Pharmacy Practice, 2, 
209–214. https:// doi. org/ 10. 1111/j. 2042- 7174. 1994. tb007 65.x

The Acetaminophen Hepatotoxicity Working Group. (2008). Reccomenda-
tions for FDA interventions to decrease the occurance of acetaminophen 
hepatotoxicity. In Center for drug evaluation and research. www. litig ation 
andtr ial. com › files › 2011/12

Thorndike, A. N., Riis, J., Sonnenberg, L. M., & Levy, D. E. (2014). Traffic-light 
labels and choice architecture: Promoting healthy food choices. American 
Journal of Preventive Medicine, 46(2), 143–149. https:// doi. org/ 10. 1016/j. 
amepre. 2013. 10. 002

Thorndike, A. N., Sonnenberg, L., Riis, J., Barraclough, S., & Levy, D. E. (2012). A 
2-phase labeling and choice architecture intervention to improve healthy 

food and beverage choices. American Journal of Public Health, 102(3), 
527–533. https:// doi. org/ 10. 2105/ AJPH. 2011. 300391

Tong, V., Raynor, D. K., & Aslani, P. (2014). Design and comprehensibility of 
over-the-counter product labels and leaflets: a narrative review. Interna-
tional Journal of Clinical Pharmacy, 36, 865–872. https:// doi. org/ 10. 1007/ 
s11096- 014- 9975-0

Tong, V., Raynor, D. K., & Aslani, P. (2015). ‘It’s all there in black and white’ – or is 
it? Consumer perspectives on the proposed Australian Medicine Informa-
tion Box over-the-counter label format. Health Expectations, 19, 948–961. 
https:// doi. org/ 10. 1111/ hex. 12389

Tong, V., Raynor, D. K., & Aslani, P. (2017). Developing alternative over-the-
counter medicine label formats: How do they compare when evaluated 
by consumers? Research in Social and Administrative Pharmacy. https:// 
doi. org/ 10. 1016/j. sapha rm. 2017. 03. 003

Tong, V., Raynor, D. K., Hamrosi, K. K., Panchal, N., & Aslani, P. (2016). Consumer 
opinions on existing and proposed Australian over-the-counter medicine 
labeling strategies in comparison with the standardized US drug facts 
label. Therapuetic Innovation and Regulatory Science, 50(4), 427–435. 
https:// doi. org/ 10. 1177/ 21684 79016 628301

Treisman, A. M., & Gelade, G. (1980). A feature-integration theory of attention. 
Cognitive Psychology, 12, 97–136. https:// doi. org/ 10. 1097/ 00075 198- 
19960 8000- 00002

Van Herpen, E., & Van Trijp, H. C. (2011). Front-of-pack nutrition labels. Their 
effect on attention and choices when consumers have varying goals and 
time constraints. Appetite, 57(1), 148–160.

Veiel, L. L., Storandt, M., & Abrams, R. A. (2006). Visual search for change in older 
adults. Psychology and Aging, 21(4), 754–762. https:// doi. org/ 10. 1037/ 
0882- 7974. 21.4. 754

Wawruch, M., Kuzelova, M., Foltanova, T., Ondriasova, E., Luha, J., Dukat, A., 
Murin, J., & Shah, R. (2013). Characteristics of elderly patients who con-
sider over-the-counter medications as safe. International Journal of Clini-
cal Pharmacy, 35, 121–128. https:// doi. org/ 10. 1007/ s11096- 012- 9718-z

Wolfe, J. M. (1994). Guided Search 2.0 A revised model of visual search. Psych-
nomic Bulletin & Review, 1(2), 202–238. https:// doi. org/ 10. 3758/ BF032 
00774

Wolfe, J. M., Alaoui Soce, A., & Schill, H. M. (2017). How did I miss that? Develop-
ing mixed hybrid visual search as a ‘model system’ for incidental finding 
errors in radiology. Cognitive Research: Principles and Implications. https:// 
doi. org/ 10. 1186/ s41235- 017- 0072-5

Wolfe, J. M., Evans, K. K., Drew, T., Aizenman, A., & Josephs, E. (2016). How do 
radiologists use the human search engine? Radiation Protection Dosim-
etry, 169(1–4), 24–31. https:// doi. org/ 10. 1093/ rpd/ ncv501

Wu, C., Bell, C. M., & Wodchis, W. P. (2012). Incidence and economic burden of 
adverse drug reactions among elderly patients in Ontario emergency 
departments: A retrospective study. Drug Safety, 35(9), 769–781. https:// 
doi. org/ 10. 2165/ 11599 540- 00000 0000- 00000

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1093/ageing/afs046
https://doi.org/10.3758/BF03196143
https://doi.org/10.1001/jamainternmed.2015.8581
https://doi.org/10.1001/jamainternmed.2015.8581
https://doi.org/10.5888/pcd9.120015
https://doi.org/10.1007/s40264-014-0141-3
https://doi.org/10.1007/s40264-014-0141-3
https://doi.org/10.1037/0033-295X.84.1.1
https://doi.org/10.1038/scientificamerican0798-28
https://doi.org/10.1038/scientificamerican0798-28
https://doi.org/10.1016/j.tics.2004.11.006
https://doi.org/10.1016/j.tics.2004.11.006
https://doi.org/10.1167/7.10.3
https://doi.org/10.1167/7.10.3
https://doi.org/10.1111/j.2042-7174.1994.tb00765.x
http://www.litigationandtrial.com
http://www.litigationandtrial.com
https://doi.org/10.1016/j.amepre.2013.10.002
https://doi.org/10.1016/j.amepre.2013.10.002
https://doi.org/10.2105/AJPH.2011.300391
https://doi.org/10.1007/s11096-014-9975-0
https://doi.org/10.1007/s11096-014-9975-0
https://doi.org/10.1111/hex.12389
https://doi.org/10.1016/j.sapharm.2017.03.003
https://doi.org/10.1016/j.sapharm.2017.03.003
https://doi.org/10.1177/2168479016628301
https://doi.org/10.1097/00075198-199608000-00002
https://doi.org/10.1097/00075198-199608000-00002
https://doi.org/10.1037/0882-7974.21.4.754
https://doi.org/10.1037/0882-7974.21.4.754
https://doi.org/10.1007/s11096-012-9718-z
https://doi.org/10.3758/BF03200774
https://doi.org/10.3758/BF03200774
https://doi.org/10.1186/s41235-017-0072-5
https://doi.org/10.1186/s41235-017-0072-5
https://doi.org/10.1093/rpd/ncv501
https://doi.org/10.2165/11599540-000000000-00000
https://doi.org/10.2165/11599540-000000000-00000

	Using change detection to objectively evaluate whether novel over-the-counter drug labels can increase attention to critical health information among older adults
	Abstract 
	Significance
	Introduction
	Background
	Methods
	Participants
	Stimuli and design
	Procedure
	Data analysis

	Results
	Active ingredient changes
	Experiment 1
	Experiment 2


	Discussion of active ingredient changes
	Warning label changes
	Experiment 1

	Discussion of warning changes

	General discussion
	Limitations
	Future directions
	Conclusion
	Acknowledgements
	References


