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The labeling of over-the-counter (OTC) drugs is critical to their
safe and effective use, and certain warnings are meant to be
read at the point of purchase (POP). Examples include (i) warn-
ings that alert consumers to the fact that the package is not
child-resistant and (ii) warnings that alert consumers to poten-
tial product tampering. U.S. law mandates these warnings be
‘‘conspicuous’’ and ‘‘prominent’’ so that it is likely that consum-
ers will read them before leaving the store. Our objective was to
quantify the relative prominence and conspicuousness of these
warnings. Sixty-one participants reviewed the packages of 5
commercially available analgesics to evaluate the prominence
and conspicuousness of these warnings. Evaluated data in-
cluded (i) the time spent examining the warnings compared with
other areas of the label (using a bright pupil eye tracker), (ii) the
ability to recall information from the OTCs viewed, and (iii) the
legibility of the warnings relative to other elements of the labels
(as measured by ASTM D7298-06). Eye-tracking data indicated
that warnings were viewed by fewer participants and for less
time than other elements of the packages. Recall and legibility
data also indicated that the warning statements compared
unfavorably with other elements of the labels tested. Evidence
presented in this study suggests that 2 required warnings on 5
different OTCs are not prominent or conspicuous when com-
pared with other elements of tested labels.

conspicuous � drug labels � labeling � OTC drugs � prominent

I t has been proposed that information processing occurs in a
stage-like progression and includes 4 steps (1). To be effective,

(i) information must be noticed; (ii) information must be en-
coded into memory, most commonly through visual routes (for
this to occur, text must be legible); (iii) the encoded message
must then be comprehended; and (iv) the encoded message
must, finally, move the reader to action or compliance.

For some products, successful completion of the 4 steps is
optional. However, much of the information contained on the
packaging of medical products is critical for their safe and
effective use. As such, for these products, completion of the 4
steps is compulsory.

The ability of patients and consumers to read and interpret
pharmaceutical labels, both prescription and over-the-counter
(OTC), has long been recognized as important (2–30). How-
ever, most research has been quite fragmented in approach,
separating the steps of information processing. Some studies
examine the ability of consumers to notice information on drug
labels (step 1) (27, 31, 32), and others look at a consumer’s
ability to read (step 2) (21, 27, 29, 30, 33) or interpret (step 3)
(7, 8, 21, 34) specific elements of drug labels. Few, if any,
consider the entire process when analyzing informational
layouts.

Because branding plays a critical role in consumer purchasing
decisions, OTC manufacturers are motivated to ensure that
consumers attend to brand information, as opposed to other
information (e.g., warnings), at the point of purchase (POP).
However, warnings that alert the consumer to the potential
tampering of a product [tamper evident [TE] warnings) or the

fact that the package does not have a child-resistant feature (CR
warnings) are intended to be read in the store to inform purchase
decisions (35).

As such, U.S. law requires TE and CR warnings to be
‘‘prominent’’ (36) and ‘‘conspicuous’’ (37). However, there is
limited operational guidance from the federal government re-
garding what constitutes a ‘‘prominent’’ or ‘‘conspicuous’’ label
statement (38). This is despite the fact that these terms are used
in the U.S. documents that require TE and CR warnings (36, 37)
as well as other official mandates for the labels of various
products (39–43).

The objective of this study was to determine the ‘‘conspicu-
ousness’’ and ‘‘prominence’’ of the CR and TE warnings relative
to other label elements (referred to as gaze zones) for 5 OTC
products that contain acetaminophen (Fig. 1 and Table S1).
Acetaminophen was targeted because 1 in 5 American adults
consume this drug in a given week, making it one of the most
commonly used drugs in the United States (44–47).

The standardized time a participant spent attending to a given
gaze zone and the number of people that failed to record any
time in the warning zones, as measured by eye tracking, were
considered to be quantification of step 1 of the information-
processing model, or the ‘‘noticeability’’ of a given gaze zone. To
evaluate step 2 of the model, we used a Lockhart Legibility
Instrument, a tool that quantifies relative legibility (ASTM
D7298-06). Additionally, participants were asked to recall any
information that they could regarding the pain relievers they
viewed in the course of the study. This was intended to serve as
a rough measure of the ability of participants to navigate steps
1–2.

Results
Participants. Usable data were obtained from 43 men and 18
women. The average age of participants was 25 years, with an SD
of 6.3 years, with ages ranging from 20 to 51 years. Forty
participants (average age, 21 years; SD, 1.3 years) did not have
children younger than 10 years living in their homes. Twenty-one
participants (average age, 31 years; SD, 6.7 years) did have
children living in their homes; the average age of the children was
35 months (SD, 24.4 months).

Eye Tracking. Standardized time spent in each label zone. The statistical
model for time spent in a given zone included the fixed effect of
label zone, the random effect of package, and their mutual
interaction. Additional factors considered for model selection
included age and the presence of children in a household. In
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addition, heterogeneity of residual variances across label zones
was identified, and zone-specific variance components were
estimated. Neither age nor the presence of children proved to
improve the model fit, and thus these were excluded from the
model.

Fig. 2 depicts estimated time (standardized by dividing by the
number of typographical characters present in the gaze zone)
spent in each of the 5 label gaze zones of interest for all OTCs
tested.

Results indicated a significant difference in standardized time
(P � 0.05) spent in gaze zones. As such, pairwise comparisons
between gaze zones were conducted (Fig. 2).

Subjects attended to the CR warning significantly less stan-

dardized time than any other zone tested (P � 0.05). The TE
warning and drug facts zones were attended for longer stan-
dardized time than the CR warning but significantly less than the
claim statement or brand name. Not surprisingly, the standard-
ized time that subjects spent attending to brand name was
significantly greater than for any other zone tested.
Failure to record time in gaze zones. The proportion of individuals
that failed to record time in each gaze zone for each package is
also presented (Figs. 3 and 4). The statistical model included the
fixed effects of gaze zone and the presence of children, as well
as their 2-way interaction. The random blocking factor of
package was included in the model. No interaction was identified
between label zones and the presence of children (P � 0.50).
Significant differences in the proportion of failures to record
time were identified between gaze zones (P � 0.0001). However,
the evidence did not support a relationship between the pro-
portion of failures to record time in a gaze zone and the presence
of children in the home (P � 0.50).

More than 80% of the participants failed to record time in the
TE warning gaze zones across all packages (Figs. 3 and 4). This
means �20% of participants registered any time in the warning
zone (step 1 of the information-processing model). In fact, the
TE warning registered the greatest proportion of failure to
record time compared with any other gaze zone (P � 0.05; Fig.
4). The CR warning zone had the second greatest proportion of
participants failing to record any time (more than 50%). Failures
to record time in the CR warning were greater than for brand
name and drug facts zones (P � 0.05 in both cases).
Recall. Recall data were coded for each participant for 11
researcher-identified categories. The statistical model included
the fixed effects of researcher-identified category and the pres-
ence of children in the home. The interaction between category
and child presence did not improve the model fit, and thus was
excluded from the final model.

Fig. 5 indicates the number and percentage of participants that
indicated an affirmative response in each of the 11 categories.

Fig. 1. Stimulus material, with gaze zones identified. Note that packages 1–2 drug facts zones (and a portion of the drug facts zone on 3 and 4) are present
on faces not pictured.

Fig. 2. Time (estimated least-square means) in seconds, standardized by
number of characters, for each gaze zone across all packages. Bars indicate the
extent of the estimated 95% confidence interval for each gaze zone. Letters
indicate differences in standardized time (P � 0.05) between gaze zones (a, b,
c, and d).
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Recall ability varied by information category (P � 0.05; Fig. 5)
but was not associated with the presence of children (P � 0.30).
The warning categories (alcohol warning, CR warning, child
statement, and TE warning) were the least frequently recalled
categories and ranged from 0% (estimated least-square means
for recall of TE warnings) to 18% (estimated least-square means
for recall of the alcohol warning). In contrast, brand name,
indications, and package color were the most frequently recalled
pieces of information, with �66% of the participants recalling
the brand name and almost 40% recalling the package color.
Legibility. Legibility index was recorded in degrees of the rotation
of a polarizing filter inside the instrument; the greater the degree
of rotation, the more light that reaches the subject. As such,
the more difficulty a participant has deciphering the message, the
higher his or her degree of rotation (an indicator of step 2 of the
information-processing model). The statistical model of best fit
included the fixed effects of gaze zone and the presence of
children, as well their 2-way interactions. The model included
visual acuity for each participant as a covariate. A significant
interaction was identified between gaze zone and the presence
of children in the home (P � 0.01; Fig. 6).

The estimated least-square means and associated 95% confi-
dence intervals of degrees of filter rotation across gaze zones, by
the presence of children, are presented in Fig. 6.

The TE and CR warning gaze zones required the greatest
degrees of rotation for participants both with and without
children (P � 0.05, respectively; labeled as a, b, c or x, y in Fig.
6). This implies that the warnings were the least legible of the
gaze zones examined. In turn, the zones for brand name and
claims required the least degrees of rotation to be legible among
the gaze zones examined (P � 0.05, respectively; Fig. 6). This
indicates that brand name and claims were more legible than all
other tested zones for both groups of participants. Additionally,
the degrees of filter rotation for the brand name, claims, and
drug facts were significantly greater for participants with chil-
dren compared with those without children (P � 0.05, respec-
tively; Fig. 6, asterisk).

Discussion
The study presented here used 3 methods to quantify partici-
pants’ ability to notice and encode 2 warnings (CR and TE)

Fig. 3. Number and percentage of study participants that failed to see a gaze zone for all packages tested. CR, child resistant; TE, tamper evident; BN, brand
name; DF, drug facts.

Fig. 4. Estimated mean proportion of participants that failed to see a label
gaze zone (across all packages). Letters (a, b, and c) indicate differences
between gaze zones (P � 0.05). Bars represent standard errors for each
estimated mean.

Fig. 5. Number and percentage of test participants that recalled 1 or more
items in researcher-identified categories. Lines and letters are indicative of
statistical significance. For instance, the proportion of people recalling brand
name, indications, and color showed no evidence of statistical significance
when compared (a), but brand name was recalled significantly more fre-
quently than graphics (bc), ingredients (bcd), etc.
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relative to 3 other label elements (drug facts, brand name, and
claims statements) on the packages of OTC drugs containing
acetaminophen (Fig. 1 and Table S1). The CR and TE warnings
are required by current U.S. law (37) and regulation (36) to be
conspicuous and prominent, yet there is little operational guid-
ance available from the federal government regarding what
constitutes prominence or conspicuousness.

Although many pieces of information are critical for the safe
and effective use of OTC products, these warnings were targeted
for study because they are intended to be read at the POP. The
U.S. Consumer Product Safety Commission (CPSC) indicates
that the availability of non-CR packages for OTC medications is
one of the reasons that the unintentional poisoning of children
still occurs (48). If a product without a CR feature is purchased
and brought into an environment where children are present, the
warning has failed. Likewise, the Food and Drug Administration
has indicated that, ‘‘It is important that the consumer view the
tamper-evident statement before purchase and use of the prod-
uct’’ (35).

For this reason, study participants were provided a trigger text
that involved a POP scenario and allowed to view each stimulus
package (Fig. 1) for a period of 10 s while wearing the eye tracker
(see Methods). Research has indicated that consumers spend an
average of 5–7 s at the POP when making a purchase decision
(49); 10 s represented a conservative estimate for the POP
scenario. It is important to note that different trigger texts (e.g.,
an emergency situation or use scenario) would likely have
changed the results.

Data collected with the eye tracker indicate study partici-
pants spent very little time, if any, attending the TE and CR
warnings, whereas most of the attention was drawn to the
brand name (Fig. 2). In viewing this information, it is impor-
tant to remember that the TE zone contained appreciably
fewer characters than the drug facts zone. So, despite the fact
that subjects spent more total time in the drug facts zone
(compared with the TE zone; see Table S1), no statistical
difference was identified because of the standardization tech-
nique. (Time was standardized by dividing by the number of
typographical characters per zone; see Table S1.)

Eye-tracking data were also analyzed in an attribute fashion.
Of particular interest were the results obtained for the TE
warning. A majority of study participants failed to record ANY
time in the TE gaze zone for all 5 products tested (Fig. 3), and

the proportion of people that examined the TE gaze zone across
all products was found to be significantly less than any of the
other gaze zones tested (Fig. 4).

Recall data further corroborated the findings of the eye-
tracking study; warning information of all types (alcohol-related
warnings, CR warnings, child statements, and the TE warning)
were recalled significantly less frequently than other elements.
Notably, the TE information was not mentioned by a single
subject (0%; Fig. 5).

Legibility was also quantified. The CR warning and the TE
warning were found to be significantly less legible than the other
gaze zones (drug facts, claims, and brand name) (Fig. 6). This was
true for both groups of test subjects: those with children in their
homes and those without children in their homes.

Data suggest some information was less legible for people that
resided with children than for subjects without (Fig. 6). This
difference was found to be statistically significant when the
results for drug facts, claims, and brand name were analyzed (Fig.
6, asterisk). However, it is not likely that the presence of children
in the house was the cause of lowered legibility. It is more likely
that this is because people with children were older (average age,
31 years; SD, 6.7 years) than those without children in their
homes (average age, 21 years; SD, 1.3 years). Physiological
changes in the older groups’ eyes demanded the need for more
light than the younger group. Nonetheless, the 2 groups
followed the same general pattern when comparing the legi-
bility of the gaze zones of interest (Fig. 6 and Limitations for
further discussion).

Forward Path. Evidence presented here suggests that 2 required
warnings (TE and CR) on 5 different OTC analgesics are not
prominent or conspicuous relative to other elements of labels
that are used for marketing purposes. This implores explora-
tion of the reason for the failure (i.e., Is it as simple as changing
the graphic design of OTC packages? Is it an issue of consumer
characteristics, or a combination of graphical design and
consumer?).

Work done by Vigilante and Wogalter (50) would suggest that
the consumer plays an important role in the apparent lack of
prominence of these label zones. Their research indicated that
people consider the TE warning to be a relatively low priority
when compared with other label information. Similar findings
can be found with regard to the CR warnings, which indicate
60% of people are not aware that OTC medications can be
purchased without a CR feature (51).

It is possible that because people believe these pieces of
information to be of relatively low importance or are altogether
unaware, they tend not to fixate on the warnings or report them
in the recall test. This result is counter to official U.S. documents,
which have indicated that these warnings need to be heeded at
the POP (35) and require text to be conspicuous (37) and
prominent (36). If so, the solution may not simply entail changing
graphic elements of the warning, but require a more compre-
hensive approach. Not only does this study call into question the
current design practice regarding these warning labels, it also
raises questions regarding the need to educate consumers about
the importance of these particular warnings, which are intended
to save lives.

The genesis of 21 CFR 211.132, the TE requirement, was the
deaths of 7 people who ingested cyanide-laced Tylenol in
Chicago in 1982. The CR warning is intended to prevent people
from bringing packages that do not have CR features into
environments where children can gain access to them. The
presence of non-CR packages continues to be listed by the CPSC
among the reasons (48) that children die as the result of
unintentional poisoning; (96 in the United States in 2001, with
children ages 4 years and under accounting for more than 45%
of deaths) (52).

Fig. 6. Difficulty in reading, expressed as estimated least-square mean
degrees of filter rotation by label gaze zone and the presence of children. Bars
indicate the extent of the 95% confidence interval for each group. Asterisks
(*) indicate differences in degrees of filter rotation between the presence of
children in the home within the corresponding label zones. Letters indicate
differences in degrees of filter rotation between label zones within partici-
pants with children (x and y) and participants without children (a, b, and c),
respectively.
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This information is imperative, and it is mandated to be
conspicuous and prominent. Despite this, its effectiveness is
debatable.

Methods
Research was conducted in accordance with procedures approved by the
Michigan State University Social Science/Behavioral/Education Institutional
Review Board as IRB no. 03-056. The labels of 5 OTCs available for purchase
during the summer of 2003 (Fig. 1) were tested. Analysis was conducted on 5
gaze zones of interest, namely (i) the TE warning, required by 21 CFR 211.132
to be ‘‘prominent’’; (ii) the CR warning, required by the Poison Prevention
Packaging Act of 1970 to be ‘‘conspicuous’’; (iii) claims statements, e.g., ‘‘extra
strength,’’ ‘‘maximum strength,’’ and ‘‘aspirin free’’; (iv) the brand name; and
(v) the drug facts box, required by 21 CFR201.66.

Participants. Participants were recruited via nonprobability, network sam-
pling from an undergraduate class and in the employee pool at Michigan State
University (East Lansing, MI). These recruitment avenues were chosen in an
attempt to recruit people with and without children residing in their homes
in the form of a network sample.

Demographic information collected from study participants included
their biological sex and age. Participants were also asked if they had
children under the age of 10 residing in their homes. If they indicated that
they did, they were asked to record the number of children and the ages of
these children.

Eye-Tracking Procedure. The head-mounted optics of an Applied Science
Laboratories 501 eye tracker were calibrated to a pane of glass positioned at
a comfortable reading distance from the participant. Fixing the reader at a set
distance from the viewing plane during the eye-tracking study allowed for a
very accurate track of the participant over the 25 small zones (5 products � 5
zones; Fig. 1 and Table S1) of interest in the study.

After a participant was noted to be accurately calibrated, he or she was
provided with a POP scenario and randomly handed a series of 10 packages,
one at a time. Participants were told that this was a study of the information
people seek from products while shopping and that they would have 10 s to
view each package before being handed another. Participants were not
informed of the study’s emphasis on warnings or OTC products. As such, 5
‘‘dummy’’ packages (batteries, powdered laundry soap, a prepackaged lunch,
laundry soap tablets, and a single-serving cereal box) were randomly inter-
spersed with the 5 OTC packages. Dummy packages were chosen as products
commonly available for purchase and because they were similar in size and
shape to the OTCs.

Each participant was instructed that he or she could view any face of the
package when seeking information (Fig. 1 and Table 1) and to hold the
package against the pane of glass as he or she viewed it. This ensured that
the participant viewed the item in the calibrated plane, minimizing par-
allax error. Participants were permitted 10 s to view each of the packages;
at the end of 10 s, they were asked to put down the package and were
handed a new one.

The dependent variables of interest for the eye-tracking data were the
amount of time a participant spent in a label’s zone divided by the number of
typographical characters in that zone. This served to standardize collected
data; because all zones did not contain the same amount of information, time
spent per zone was expected to vary based on the amount of information
present. The standardized variable, expressed as the amount of time per
typographical character, was intended to provide a measure of relative con-
spicuousness of the label zones viewed.

Researchers were also interested in the number of people that failed to
view the warnings; that is, those that had zero time in a given gaze zone. As
such, the proportion of participants that spent zero time in the gaze zones on
each of the packages was also recorded for later analysis.

Recall. After a participant had viewed all 10 packages while wearing the eye
tracker, he or she was asked to record any information that he or she could
recall with regard to the OTC medications. None of the packages he or she had
viewed were visible to them at this time.

For the purpose of summarizing the recall data, 11 categories of informa-
tion were defined (Fig. 5). If the participant recorded at least 1 comment with
regard to a category, this category was coded as ‘‘recalled.’’ If no comments in
a category were recorded, recall response was coded as ‘‘not recalled.’’

Several participants indicated statements such as ‘‘I remember that you
should keep out of reach of children.’’ Although this is similar to the tested
CR warning, ‘‘Not intended for households with young children,’’ it is not

the same. As such, 2 categories were coded: ‘‘child statement’’ and ‘‘CR
warning.’’ Those that indicated that the drugs should be kept away from
children had a positive recall coded in the child statement category, and
those that indicated that the product was not for households that had
children were coded affirmatively in the warning category. In the event
that a participant made both such statements, both categories were coded
affirmatively.

Visual Acuity. Following the collection of recall data, each participant’s Snellen
Near Point visual acuity (20/20, 20/30, etc.) was determined by using a Dow
Corning Ophthalmics Near Point Visual Acuity card and recorded.

Legibility. The legibility of each zone on each package was measured one time
for all participants in accordance with ASTM D7298-06, ‘‘Standard Test
Method of Comparative Legibility by Means of a Polarizing Filter.’’ Partici-
pants were instructed to rotate the handle of the instrument until the first
point that they ‘‘could easily read’’ the message of the gaze zone. Rotation of
the instrument’s handle correlates with rotation of the first of a pair of
polarizing filters in series; the more the filter is rotated, the more light is
allowed through. As such, information that requires a larger degree of
rotation is expected to be more difficult for a participant to decipher than
information that requires a lesser degree of rotation. As with the eye
tracker, order of package presentation was randomized to minimize any
effect of run order.

Statistical Analyses. General linear mixed models were fit to the continuous
outcome variables (i.e., standardized time spent in a gaze zone and legibility,
in degrees of rotation) by using the MIXED procedure of the statistical
software SAS (version 9.1; SAS Institute). To ensure that model assumptions
were appropriately met, variables were subjected to a double log transfor-
mation whenever needed. In turn, generalized linear mixed models were fit
to the binary outcome variables (i.e., failure to record time in a gaze zone and
information recall for each zone) by using the GLIMMIX procedure of SAS.
Overall, fixed effects of interest considered for statistical models were gaze
zone and the presence of children 10 years or younger in the home. Partici-
pants were included in the statistical models as random blocks. Model
specifications are provided on a case-by-case basis in Results. Results are
presented in the original scale as least-square mean estimates and esti-
mated 95% confidence intervals. In all cases, posthoc pairwise comparisons
were performed by using Bonferroni’s adjustment to avoid inflation of
type I error rates.

Limitations. Further research is needed to analyze a broader range of popu-
lation sectors than the study sample. Participants that did not have children
were primarily students recruited as part of a network sample at Michigan
State Universtiy (East Lansing, MI). Participants that had children were re-
cruited from the employee pool at the same university and were older than
their counterparts who did not have children.

Previous research has indicated a significant effect of age on the legibility
index (29). This is likely due to physiological changes of aging, which result in
the requirement for more light and presbyopia. Changes that have the
potential to affect legibility results include: muscle weakness, stiffening of the
lens, diminished ability of the pupil to dilate, and yellowing of the retina and
vitreous humor (30). As such, it is impossible to know whether the differences
the model used to analyze the legibility data are due to the presence of
children in the home or a matter of age. Despite the fact that there were
significant differences in the result of the 2 groups (children living in the home
or not), the overall pattern of the data across the gaze zones followed the
same trend (Fig. 6).

The research is also limited by the fact that the authors failed to collect data
regarding participants’ past history of use and familiarity with products
containing acetaminophen. This is an important factor that could have been
analyzed for behavioral differences. It is recommended that future research
include this factor.

Additionally, only 5 OTC products, representing 2 companies, were used
in this study (Fig. 1). It should be mentioned that comparisons between
those specific products or their companies were not of primary interest.
Rather, these OTC products were chosen as a random sample from the
variety of OTCs available on the market. However, the warnings present on
the packages tested here are very typical of those found on myriad other
OTC products.
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