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ABSTRACT

TOWARD A PERFORMANCE STANDARD FOR TYPEFACE LEGIBILITY:
THE LOCKHART LEGIBILITY INSTRUMENT

By

Laura L. Bix

On March 17, 1999 the Food and Drug Administration (FDA) issued a regulation
mandating the design and font size of over-the-counter (OTC) drug labels. The FDA used
a prescriptive approach in an attempt to ensure label legibility. Research presented here
proposes that this not the best way to ensure the legibility of labels. A performance
standard, one that incorporated the Lockhart Legibility Instrument (LLI) for instance,
would be a better approach.

This research tests two hypotheses using the LLI: (1) noncompliant labels can be
created that have equal or greater legibility than labels that comply with FDA’s regulation;
and (2) labels that contain a familiar drug message will be easier for subjects to read than
those that are not familiar (a nonsense message).

Hypothesis 1, noncompliant labels can be created that have equal or greater
legibility than compliant labels, was found to be true at a statistical level of a=0.01. This
result is especially pertinent because one of the two compliant designs tested did not just
meet FDA’s 6 point minimum, it exceeded it. Noncompliant messages created using a
typeface that was 5.5 points were found to be more legible than the compliant designs,
which were created using a typeface that was 9.0 points in size. This difference
was highly significant, p=5.0*107, vividly illustrating the flaws of the prescriptive

approach.



Hypothesis 2, labels that contain a familiar drug message will be easier for subjects
to read than those that are not familiar, was not found to be true at a statistical level of
a=0.05. There are two possibilities with regard to this result. The first is that subjects
arrive at the same measurement on the instrument, regardless of their level of familiarity
with message; a desirable outcome for the LLI.

The second possibility is that subjects were no more familiar with this common
drug message (a decongestant) than the message that was created using random words.
This conclusion would support the idea that, despite potential dangers of OTC misuse,
consumers are not highly involved with OTC products (Reisenwitz and Wimbish, 1997,
Sansgiry and Cady, 1995; Robinson and Stewart, 1981); uninvolved consumers are less
likely to seek information, use complex rules when evaluating alternatives, and devote
focal attention and controlled comprehension to the product (Rifon, 2000). In other
words, the finding supports the idea that consumers are not reading OTC labels.

This is consistent with the findings of a survey conducted by Dr. Janet Engle,
Professor of Pharmacy at the University of Illinois, Chicago. At a news conference in
December 1998 she indicated, “47% failed to always read the product label before starting
a pain medication, and one-third were unaware that over-the-counter (OTC) drugs carry
risk” (Norton, 1999). Given the significant ramifications of improper OTC use, and the
difficulty in changing consumer/product involvement, this second possibility is a

frightening, but real, risk.
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Introduction

A major function of packaging is communication. Graphics, labels, inserts, tags,
time and temperature indicators (TTIs) and barcodes are just a few of the tools used to
communicate information about a packaged product. These tools serve a variety of
purposes, from motivating sales to keeping consumers safe. For products like over-the-
counter (OTC) drugs, the information on the package, usually in the form of a printed
label, is essential for the safe and effective use of the product and is frequently the only
form of information used by the consumer (Tennesen, 1999; Sansgiry and Cady, 1996A;
Wogalter et al., 1996A; Braus, 1993; Discenza and Ferguson, 1992; Lumpkin et al.,
1990). If an OTC label fails to communicate vital information about the drug,
consequences can range in severity from the inefficacy of the product to the death of the
user.

Exacerbating the potential for label failure is the aging of the population.
“Chronic diseases and disorder in old age are multiple and synergistic. They bring on
functional decline and require multiple medication - a recipe for noncompliance” (Fulmer
et al., 2000-2001). The elderly represent a “worst case” scenario with regard to OTC
products, and as the population ages, the potential for drug related complications
increases. It is predicted that 20% of the US population will be age 65 or older by 2030,
and that by 2050 people over 85 will constitute 5% of the population (Federal
Interagency Forum on Aging, 2000). Policy makers, researchers and manufacturers,
aware of the increasing potential for medication-related complications and the financial

clout of the up-and-coming baby boomers, have begun to investigate ways that label



information can be made accessible to elderly consumers. This effort will not only
benefit the elderly, but the general population as well.

When a label is effective, consumers successfully accomplish four steps of
consumer/label interaction (Rousseau et al, 1998). Labels must be (1) noticed, (2)
encoded [read], (3) comprehended and, finally, consumers must (4) comply with the
information given. Failures at any of these steps diminish the label’s ability to fulfill the
communication function. The consumer reading the label, the label itself and the
environment in which the interaction takes place determine the success or failure of each
of these steps.

The Food and Drug Administration (FDA) has concentrated much of its effort on
regulating labels so that consumers can successfully accomplish step two of Rousseau’s
model (1998). They recognized that consumers had difficulty reading OTC drug labels in
1990, when The Pharmacist Planning Service of Sausalito, CA. and several citizens’
groups petitioned them in an attempt to get standards set for the size and style of text
used on OTC labels (Sansgiry et al., 1997, Wechsler, 1991). “That same year the
California legislature enacted a bill (A.B. 2713) requiring manufacturers to assess and
improve label readability” (Sansgiry et al., 1997).

The Nonprescription Drug Manufacturers Association (NDMA) responded
swiftly to the legislative and regulatory action. In 1991 they convened a task force that
produced “The NDMA Label Readability Guidelines”. It contained a set of
recommendations that drug manufacturers could voluntarily adopt to improve the

legibility of their products’ labels.



One study of OTC drug labels on the market in 1996 indicated that manufacturers
were not adopting the voluntary guideline, and that there was still reason to be concerned
about encoding. “Study results indicate that not all of the recommendations stated in the
NDMA Label Readability Guidelines have been adopted by manufacturers.” Perhaps
more alarming than the high rate of noncompliance with the voluntary standard was the
finding that “font size of warnings did not increase with an increase of package size, but
remained constant at a level that might be difficult for certain patients to read” (Sansgiry
et al., 1997).

FDA conducted research studies, sought comment, reviewed existing knowledge
and, ultimately, imposed a new regulation for OTC label design. In the Federal Register
published March 17, 1999, the FDA published a final rule entitled “Over-the-Counter
Human Drugs; Labeling Requirements” (see Appendix 1 for regulation details). This
rule established,

“a standardized format and standardized content requirements for
the labeling of OTC drug products. This final rule is intended to
assist consumers in reading and understanding OTC drug product
labeling so that consumers may use these products safely and
effectively. This final rule will require all OTC drug products to
carry the new, easy-to-read format and the revised content
requirements ...” (Food and Drug Administration, 1999)

The standardized, prescriptive approach directed by FDA is problematic.
Previous research cautions against the use of standardized warnings because of a
phenomenon referred to as “habituation”.

“Over time and repeated exposure, a warning will attract less
attention... There are many ways to retard habituation, however.
One way is to alter the characteristics of an existing warning from

time to time so that it looks different”(Wogalter and Laughery,
1996B)



Altering the appearance of OTC warnings is not possible under the current rule; label
format is explicitly prescribed by the regulation.

Prescribing the details of OTC label design may not be the most effective
alternative for ensuring accessibility to the information they provide. FDA'’s approach
does not directly address consumers’ abilities to read information, but assumes a legible
solution has been found and sweepingly applies that solution to all labels (Bix and
Lockhart, 2000). This approach oversimplifies the complex interactions that can occur
when all the elements of design come together to convey a message.

The research presented in this document challenges the idea that a prescriptive
approach to regulation addresses the true issue of importance: the consumer’s ability to
visually read the label. The Lockhart Legibility Instrument (LLI), an instrument
developed at the MSU School of Packaging, provides a direct measure of a subject’s
ability to read text. The numerous elements of letter, word and message design, and the
complicated interactions that can occur between these elements are evaluated for
legibility with a single test. A performance standard for legibility, utilizing an instrument
like the LLI, would better serve consumers by ensuring that they could effectively read
essential information provided on drug labels, helping to ensure their safe and effective
use.

The fundamental hypothesis of this research is that by manipulating the many
components of letter, word and message design, a noncompliant label can be created that
is at least as legible as one that complies with the 1999 regulation, as measured with the
LLI. The ability of people to effectively read OTC label information should be the focus

of FDA’s regulation, not compliance with a prescribed standard.



Literature Review
Why Examine OTC drug labels?

Although creating labels that can be successfully read by consumers will benefit
all products, effective OTC label design is paramount for a variety of reasons.

When prescription drugs are sold to consumers, it is typical that two sources will
act as “learned intermediaries” to inform them of possible adverse consequences, or risks,
associated with product use (Alsobrook, 1992). The physician who prescribes the drug
has the opportunity to provide consumers with information, as does the pharmacist who
sells the drug.

“...consumers generally cannot hold manufacturers of prescription drugs

liable provided the manufacturer has adequately warned the prescribing

physician of pertinent side effects and manufactured the drug properly”

(Alsobrook, 1992).

Guidance provided by the physician and the pharmacist augments the printed label
information that appears on prescription drug packaging, and “buffers” prescription drug
manufacturers from liability (Alsobrook, 1992).

This is not the case with OTC drug products. Although consumers can seek
information from other sources, in the majority of cases, the label is the sole provider
(Wogalter et al., 1996A). In fact, the number of consumers that actually seek advice
from a health-care professional while selecting OTC medications is very low (Tennesen,
1999; Sansgiry and Cady, 1996; Braus, 1993; Lumpkin et al., 1990). The courts have
taken notice of the importance of the need for sufficient OTC labeling, and it is reflected

in the jurisprudence. “Although many theories are available to an injured consumer of an



OTC, proof of inadequate warning is most effective in obtaining relief according to the
restatement and jurisprudence” (Alsobrook, 1992).

The potential for manufacturer liability is increasing as the use of OTC
medication continues to rise.

“Switching drugs from prescription to over-the-counter (OTC) status is

proceeding at an ever-increasing pace. In the 10 years from 1984 to 1994,

9 drugs were switched from prescription to OTC status - an average of

about 1 a year. But in 1995 alone, 7 agents were moved to OTC status,

and last year (1996), 13 drugs were switched to OTC” (Marwick, 1997).
It is no wonder that the popularity of OTC drugs is increasing: self-medicating offers an
average savings of $84 per illness (Tarlach, 1998) when compared with the average cost
of a trip to the doctor and the purchase of a prescription medication. “Although 60% of
the drugs purchased by consumers in the United States are OTC, they account for less
than 2 % of the US health care dollar” (Marwick, 1997; People’s Medical Society, 1997).
In addition to saving money, self-medicating is convenient. Over-the-Counter (OTC)
drugs can be purchased at almost any grocery store, making them attractive to consumers
who are increasingly pushed for time.

Although self-medication offers freedom, flexibility and cost savings to
consumers, it has risks.

“Researchers and the trade press have reported cases of inappropriate

consumer use of nonprescription medicines (OTCs), primarily involving

misinterpretation and misuse. Some consumers are unable to interpret

label information correctly and others delay medical treatment for a more

serious underlying disease, overdose, or use nonprescription drugs

chronically...Non prescription drugs also are known to interfere with

laboratory test values, cause adverse interactions with prescription drugs,

and sometimes even render prescription drugs ineffective” (Gore et al.,
1994).



Further increasing consumer risk is the fact that stronger and stronger drugs are being
switched from prescription status to OTC. The Consumer Healthcare Products
Association, a trade group that represents nonprescription drug makers, indicates, "more
than 600 OTC drugs contain ingredients and dosages that 20 years ago were available
only by prescription" (Nordenberg, 1999).

“While information alone will not ensure a secure patient, the corollary is more
difficult to refute.... It is essential that individuals understand the nature of OTC
medications, the consequences and benefits of compliance” (Lumpkin et al., 1990). This
is especially true for the elderly population, who are at increased risk for adverse
reactions from OTC drugs for various reasons.

Why has the Aging of the Population Brought Attention to Label Design?

Financial Benefit
Designing more accessible OTC labels as the population ages is not just “the right

thing to do”; it makes good business sense. Recent American Association of Retired
Persons (AARP) research indicates that 8 in 10 baby boomers expect to work at least part
time during their retirement (Hignite, 2000). Couple this with the recently passed
“Senior Citizen's Freedom to Work Act of 2000” and the result is a substantial segment
of the population with increasing financial clout.

Not only do older adults work longer and keep more of the money they earn, they
spend more on drugs then other segments of the population. "People 65 and older are
more likely to require multiple medications, both prescription and OTC. Consumers over
age 50 used an estimated $41 billion in prescription drugs last year (1998)...twice the
per-capita consumption of the rest of the population” (Woolley, 1999), and elderly

consumers spend even more on OTC drugs. A study conducted at the University of



Missouri Columbia’s School of Nursing (Conn, 1992) indicated “elderly subjects
reported using almost twice as many OTC as prescription medications.”

Manufacturers are beginning to take notice of this financially attractive population
by creating products and packages that target their needs and desires. John Bitner (2000),
Packaging Manager for Pharmacia Corporation, explains, “Older Americans are
becoming less tolerant of inconvenience and having their needs generally ignored... in
not too many years, this population segment will have the leverage to demand
performance.”

Drug Mismanagement in the Elderly Population
Even more compelling than the financial benefits, are the safety issues. The most

readily available, economically attractive source of information about a product is on its
label. Accessible information is important for all products, but can be of life and death
importance for products like OTC drugs. A number of factors place the elderly
population at particular risk for misuse.

“People over age 65 are especially vulnerable to medication-

related problems because of the number of medications that they
take and the biological changes of aging and disease. Older people
are the greatest consumers of prescription and OTC medications,
and they are more likely to be taking multiple medications at the
same time...Changes in physiology place older people at greater
risk of adverse reactions... Visual or cognitive impairment can
combine with psychological, social and care giving needs to
interfere with the proper use of medications” (Beers, 2000-2001).

The statistics of misuse confirm the risk to the elderly population. “Older people
are the group most likely to take medicine improperly, according to a study reported in
the New England Journal of Medicine” (Braus, 1993). “Americans aged 60 and older
account for 40% of adverse drug reaction cases” (Braus, 1993) and “.....51% of deaths

from drug reactions” (Holt and Hall, 1990).



Older adults are less able to effectively navigate the four steps of consumer/label
interaction (notice, encode, comprehend and comply) (Rousseau, 1998) than their
younger counterparts because of changes in their perceptual and cognitive abilities.
Combine this with changes in the psychological, physiological and social states of the
elderly and you begin to see why they account for large percentages of drug related
hospitalizations and deaths.

Changes in Vision
To effectively notice and encode (read) printed label information, consumers must

physically perceive the text using their vision. As people age, ocular declines interfere
with their ability to successfully complete the first two steps of Rosseau’s (1998) model,
putting them at increased risk for improper use. Age-related changes in the pupil, cornea,
lens, vitreous humor and retina (see Figure 1) combine with an increased propensity for
ocular disease to diminish visual function and fuel the need for additional light.

The sclera and the cornea form the outermost portion of the eye (see Figure 1).
The sclera is a fibrous coating that protects and shapes the eye, providing an anchor for
muscles. The cornea bulges from the sclera and is transparent, allowing light to enter the
eye (Marieb, 1992). As light enters the eye, it is refracted by the cornea, which provides
approximately 75% of the eye’s focusing power (Kelly, 1993). It then passes through the
aqueous humor to the lens, where it is refocused and passed through the vitreous humor,

a clear fluid, to the retina (Marieb, 1992).
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FIGURE 1- THE STRUCTURE OF THE EYE

One of the cornea’s most significant age-related changes is a “flattening”™ that
results in astigmatism. Degenerative changes also occur in the sclera, which result in a
loss of clarity that affects the quality of vision of older adults. These changes result in a
loss of accommodation, the ability to focus at a variety of distances, in aging adults.

Aging also affects the retina, the vitreous humor and the lens of the eye. As aging
takes place, the retina, the vitreous humor and the lens yellow and thicken. These
changes reduce the short-wave lengths of light (the blue color) entering the eye and

scatter the light that does enter. The resultant effect is that colors such as violet, blue and
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green are filtered out, reducing the contrast sensitivity of the eye and causing glare which
interferes with the visual image.

Visual quality of older adults is also affected by changes in the pupil. “The iris is
unable to dilate as much as in youth under all light conditions, but this is especially
evident and troublesome under dark-adapted conditions” (Kelly, 1993). As a result of the
iris’s inability to dilate, the size of the pupil decreases with age. This creates a kind of
chain reaction. The iris is unable to dilate, keeping the pupil small and, ultimately,
decreasing the amount of light reaching the retina, which, as a result of age-related
thickening, is not as sensitive as in younger subjects.

Not only do older adults have to contend with changes that result in diminished
visual function, they are also more likely to develop certain ocular pathologies.
Cataracts, glaucoma, senile macular degeneration (SMD), diabetic retinopathy, and
presbyopia, a decrease in the ability to focus, are diseases that are more prevalent in the
elderly (Kelly, 1993; Holt et al., 1990).

Cognitive Changes
In addition to perceptual losses, aging consumers frequently experience several

cognitive changes that can affect their ability to successfully use labels. Unlike
perceptual changes, cognitive changes generally impact the consumer’s ability to
comprehend and comply with label information, the final two steps of Rousseau’s (1998)
consumer/label interaction. Cognitive changes include decreases in working memory,
language comprehension, prospective memory, and the comprehension of symbols.

Reductions in Working Memory
One age related phenomenon that affects the ability of consumers to comprehend

and comply with label information is a reduction of working memory. Working memory
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refers to a person’s capacity to store and process information (Rousseau et al., 1998;
Morrow and Leirer, 1999). "Memory load" is the amount of information that individuals
have to process. Higher "memory loads" exacerbate problems associated with decreases
in working memory. Older adults experience a reduction in working memory, yet have
higher memory loads related to medication instructions due to their propensity to use
multiple medications (Morrow and Leirer, 1999; Woolley, 1999; Sansgiry and Cady,
1996).

Additionally, “older adults may have trouble understanding instructions that
require inferring or reorganizing information, which impose heavy demands on working
memory” (Morrow and Leirer, 1999). Despite this knowledge, many warning labels still
use instruction statements that require consumers to make inferences and reorganize the
information presented. One example is a label that requires consumers to integrate time
(“take twice daily”) and dosage information (“take two pills”’) (Morrow and Leirer,
1999). Clear dosage charts complete with prescribed amount and explicit time of day
reduce the requirement for working memory.

Explicit directions that do not require inferences will do no good if consumers do
not remember to read them. “Older adults benefit from environments or contexts that
provide meaningful cues for remembering information” (Rousseau et al., 1998). One
way to apply this to OTC drug labels is to place the label information on the primary
package, the package that contains the product, rather than on the secondary package,
which is typically an outer wrap or folding carton. When packages are designed in this
fashion, the relevant information is part of the immediate environment, available to the

older consumer as they are using the product.
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Difficulties with Language Comprehension
Reduction of working memory also creates problems with language

comprehension. In 1978 Kintsch and van Dijk proposed one of the most prominent
language comprehension models for text processing:
“According to their [Kintsch and van Dijk] model, text is read and
brought into memory as propositions, which are information
packets containing a predicate and an argument (e.g., a verb and a
noun). The maintenance of these propositions in working memory
depends upon their relevance to the text. Important (high
involvement) information is maintained and propositions of less
importance (low involvement) fade from memory” (Rousseau et
al., 1998).
Light (1990) proposed that several age-related effects impact the Kintsch and van Dijk
model. Light suggested that the decreased working memory capacity of older adults
resulted in faster decay of propositions from memory. He also hypothesized that older
adults have more difficulty associating propositions that occur farther apart, and that
older adults have a harder time “keeping extraneous, irrelevant information out of the
working memory, further reducing its capacity” (Light, 1990). The implications of
decreased language comprehension for the labels of OTC drug products are fairly clear.

Label information should be simple, direct and explicit.

Decreasing Prospective Memory
Another problem faced by elderly consumers is a decrease in “prospective

memory.” According to cognitive psychologists, “prospective memory” entails
“remembering to perform an action in the future” (Rousseau et al, 1998). Prospective
memory is related to the task prescribed by the label. Rousseau indicates that elderly
consumers have less difficulty remembering event-based tasks. “Take two pills after

breakfast” is an example of an event-based task. Elderly consumers have been shown to
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have a harder time complying with time-based tasks, such as “take two pills every eight
hours” due to losses in prospective memory (Rousseau et al., 1998).

The introduction of environmental cues alleviates the age-related decline in
prospective memory. “Interactive warnings” are a relatively new type of design that is
meant to take advantage of environmental cues, increasing label effectiveness.

“This format (interactive warnings) requires the product user to
physically manipulate the warning when using the product, and
researchers have found that these types of warnings increase the
likelihood of the user noticing and complying with the
information... the interactive labels serve as an event-based cue to
recall the appropriate safety procedures” (Rousseau et al., 1998).
One field where interactive labels have proven successful is in the furniture industry.
Directions for assembly are placed in such a way that the consumer must physically
destroy the label to accomplish the directed task.

Few studies have applied the use of interactive labels to packaging. Wogalter et
al. (1996A) investigated the effect of an additional label on understanding of elderly
consumers by adding a printed “easy open fin” to the caps of OTC drug bottles that
contained motion sickness tablets. “The information on the cap label (the fin) was
extracted from the main label text and was chosen, based on consultation with a
pharmacist, to reflect the most important cautions and directions for proper, safe use of
the product.” Consistent with Rousseau’s findings, Wogalter’s research team found that
this simple change in package design and label format improved knowledge acquisition.
Interactive warnings and their application to OTC drug packages is a rich area for future

research.
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Problems with Symbol Comprehension
A final type of cognitive deterioration that occurs during the course of aging is a

decrease in symbol comprehension.

“Age-related changes in text comprehension would seem to

indicate that symbols would have particular utility for improving

older adults’ understanding of warning information. However,

symbols may not always facilitate comprehension for everyone,

and this is particularly the case for older adults. In addition, some

working memory limitations that are known to affect language

comprehension may also affect symbol comprehension”(Rousseau

et al., 1998)
A study conducted by Morrell et al. (1990) examined the effect of age on the ability to
comprehend text-only labels and labels that contained a combination of text and symbols.
While younger adults benefited from the combined format, older adults performed best
when text-only formats were supplied. Researchers did not suggest a reason for this
effect.

Sansgiry and Cady (1996) also evaluated the effect of age and pictorial
information (symbols) on the comprehension of OTC drug product labels. A study they
conducted in 1996 was divided into two parts.

In the first part subjects were asked to interpret eight pictures (symbols), six of
which were taken from actual OTC labels. Subjects were allowed as much time as they
needed to view labels and make interpretations. Numbers of responses and percentage of
correct responses were tabulated. Results of the 1996 study supported Rousseau’s
position that the comprehension of symbols decreases with increasing age. “Older adults
had greater difficulty in interpreting correct responses” (Sansgiry and Cady, 1996); the
elderly group’s score was below that of the young adults for all eight pictures. At least

80% of the younger group paired symbol with affliction correctly for five pictures. By
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contrast, the older group had 80% of its participants make the correct pairing for only 2
of the eight pictures.

The second part of the experiment dealt with the effect of pictorial information on
subject understanding. Four OTC products intended for medicating headaches, sinus
conditions, menstrual pain and sleeplessness were investigated using four treatments.
The first treatment was a picture only label. The second treatment was a text only
presentation. The third and fourth treatments were a combination of text and pictorial
information; one depicted an incongruent picture/text combination and the other
displayed a congruent message. It was hypothesized,

"Congruent picture-verbal label design (picture matched with
written information) will enhance understanding of information in
both younger and older adults, compared to verbal only, picture
only, and incongruent picture-verbal (picture and written
information does not match and the written information represents
a distracter) label designs" (Sangsgiry and Cady, 1996).

Sansgiry and Cady found the congruent picture/text combination to be the most
easily interpreted, followed by text-only designs. However, when the results of these two
designs were compared, the difference was found to be insignificant. This result is
consistent with those of the study conducted by Morrell et al. (1990). “Addition of a
picture complementing written information did not enhance understanding significantly”
(Sansgiry and Cady 1996). When the results were compared between age groups,
significant differences occurred in all but one label design at p<0.001. Older adults had
lower understanding scores for all label designs when compared with the younger group,

suggesting that symbol comprehension does decrease with age.
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Pharmacokinetic and Pharmodynamic Changes
Not only do perceptual and cognitive changes make consumers less likely to

effectively use drug labels, physiological changes negatively impact how the body
processes the drug, and what the drug does to the body. All of these changes combine to
put elderly consumers at even more risk from the ill effects of mismedication.

Pharmacokinetics refers to how the body processes medication. According to
Beers (2000-2001) there are three components of pharmacokinetics. The first component
is absorption, how the body gets the drug. The second component is distribution, “where
and how the medication goes once it is in the body” (Beers, 2000-2001). The last
component, elimination, refers to the system’s ability to clear the drug.

Although aging significantly impacts how the body processes medications, the
first component, absorption, is affected very little by age. Distribution, the second
component of pharmacokinetics, is substantially impacted as people age.

“Most medications are distributed to either body fat or body water. With

aging, there is an increase in the percentage of body fat. The typical older

person has about 25 to 30 percent more fat than the typical younger

person; the percentage is higher for older women. With the increase in

percentage of body fat, there is a corresponding decrease in the percentage

of the body consisting of water. In older people, blood levels of water-

soluble medications will be higher than would be expected in younger

people because there is less body water to distribute into. Fat-soluble

medications stay in the body much longer because there is more fat in

which to be stored” (Beers, 2000-2001).

The final component, elimination, is even more dramatically impacted by age.

Drugs are eliminated from the body either through the kidneys or metabolized in
the liver. “There is about a 50 percent decline in the renal (kidney) clearance of
medications by the time people reach age 75 to 80”. Drugs that are metabolized

by the liver are also affected. Beers (2000-2001) indicates that hepatic (liver)
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blood flow in a person between the ages of 75-80 is about half that of younger
adults, which substantially impacts drug clearance. Additionally, the P450 system,
the major enzymatic system by which the liver metabolizes medication, is rapidly
saturated in old age.

Pharmacodynamics, the way that drugs affect the body, also changes with
age, further compounding the problems that the elderly have with drug products.
“As we get older we are more sensitive, rather than less sensitive to most drugs”
(Beers, 2000-2001). Age-related changes in pharmacodynamics result in
increased potential for toxicity. This is particularly true of drugs that act on the
central nervous system, as a result, the “list of medications that cause confusion or
changes to the central nervous system in older people is very long” (Beers, 2000-
2001).

Social Changes
The elderly not only have to contend with perceptual, cognitive and physiological

changes that put them at increased risk for mismedication, but many of them live in social
conditions that exacerbate the risk further. The number of elderly people that live alone
is on the rise. In 1989 the U.S. Senate Special Committee on Aging estimated that 47%
of people 85 and older lived independently. According to the U.S. Senate Special
Committee on Aging, they are one of the most vulnerable groups in America. 60% of the
elderly living alone are reported to have chronic problems with vision or hearing (U.S.
Senate Special Committee on Aging, 1991). As a result, a significant portion of older
adults have no one to assist them with their medical regimen, are suffering from
afflictions that require polypharmacy, and do not have sufficient vision to read printed

information.
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Design and Legibility

The aging of the population, combined with the risks of self-medicating, its
increasing prevalence, and the trend to switch drugs from prescription to OTC status have
all contributed to the need for printed OTC labels that are easily read and understood.
Recognizing these trends, FDA published a regulation entitled “Over-the-Counter Human
Drugs; Labeling Requirements” (1999). The regulation is an attempt to ensure that OTC
labels are sufficiently legible. It dictates, among other things, a minimum font size,
sufficient contrast, minimum leading, a maximum number of letters per inch, and
strongly recommends that manufacturers use a specific style of type.

FDA'’s approach looks at the elements of design as distinct entities that can be
isolated and manipulated one at a time to improve label legibility. Reality does not match
the simplicity of this approach. Legibility is the overall goal in a complex system of
interrelated elements (letter weight, letter compression, counter form shape, stress, type
style, type size, message layout, leading, kerning, ink, substrate, and printing process)
that come together to create a message. Researchers who recognize the complexity of the
elements of typography understand that changes in design do not occur in a vacuum. In
changing one element, it is likely that numerous others, all of which impact legibility,

Wwill be affected (e.g. increasing stroke weight will decrease counter form size).

Letter Design and Legibility
When creating messages, designers must be careful to not affect basic letters, thus

Weak ening communication (Craig, 1980). The challenge is to make the most effective
Us€ o fthe enormous flexibility that is inherent in typographic design (Bigelow and Day,
1983 by creating designs that are both interesting and practical. Effective designers

de"elop a high level of awareness of font in order to construct messages that not only
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attract readers (notice), but allow them to easily read (encode) and understand

(comprehend) the message they have created. This awareness begins with a basic

understanding of the “anatomy” of letters.
Textual messages are usually constructed of words that are made of upper and

lower case letters that are set in a single font. “A font consists of all the characters (upper
and lowercase, figures, fractions, reference marks, etc.) of one size of one particular
typeface” (Craig, 1980). Typeface (see Figure 2) is defined as the full range (size) of
type of the same design (Department of Mathematics, University of Utah, 2001). In other
words, a typeface consists of all characters, in all sizes, of a particular design.
““T"ypefaces are usually available in 6- to 72-point [one point is equal to 1/72”), with a

complete font in each size” (International Paper, 1997). A family of type encompasses

all related typefaces (see Figure 2).
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See Spot run. (Arial Alternative 12 point)

A font consists of all of the characters used for normal composition in a
SINGLE SIZE of a specific design.

See Spot run.
(Arial Alternative 12 point)

See Spot run.
(Arial Alternative 20 point)

See Spot run.
(Arial Alternative 23 pt)

A typeface consists of all of fonts of the same design (in this case Arial) in
different sizes.

See Spot run.
(Arial Alternative 12 points)

See Spot run.
(Arial Alternative 20 pts)

See Spot run.
(Arial Alternative 25
points)

See Spot run. (Arial Black 10 points)

See Spot run. (Arial Black 18 point)
See Spot run. (Arial Bick 23 pt)

See Spot run. (Arial Narrow 15 points)
See Spot run. (Arial Narrow 22 points)

See Spot run. (Arial Narrow 25 pt)

A family consists of all typefaces of the related designs. In this case we are
looking at a few examples of typefaces that belong to the Arial family. This by
no means represents the entire Arial family.

FIGURE 2- FONT, TYPEFACE AND FAMILY
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There are several common elements of letters that can be examined. These
include x-height, ascenders and descenders, counters (also called counter forms) serifs (or
lack of serifs, referred to as sans serif), and stroke weight (thick and thin). The terms x-
height, ascender and descender refer only to lower-case letters, while counters, serifs, and
stroke weight apply to both upper and lower case letters.

X-height refers to the height of the body of a lowercase letter. It is called the x-
height because it is equal to the height of the lowercase x (see Figures 3 and 4).

“Although the x-height is not a unit of measurement, it is significant

because it is the x-height - not the point size - that conveys the visual

impression of the size of the letter. Typefaces of the same point size may

appear larger or smaller because of variations in the x-height” (see
Appendix 2 and Figure 3) (Craig, 1980).

XDA XPA XPa XPOU XU

49 Point 49 Point 49 Point 49 Point 49 Point
Garamond | Baskerville | Modern 20 Century Helvetica Light

FIGURE 3- COMPARING THE X-HEIGHTS OF VARIOUS FONTS

Despite the fact that it is the x-height that conveys the visual impression of letter
size, not the point size, the FDA regulation mandates a minimum type size of 6 points,
and makes no direct reference to x-height. FDA does, however, strongly recommend the
use of a sans serif font. These fonts are characterized by larger x-heights, indirectly
addressing the issue. FDA suggests that adhering to their standard will produce legible
results, “the agency [FDA] believes it has selected type sizes [6 point minimum] and

styles [sans serif] that are consistent with the need for readable OTC drug product
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labeling by a majority of OTC drug consumers” (FDA, 1999). Despite the urging of
FDA, companies may dismiss the recommended typefaces in favor of others; it is not
mandated that they comply. Even if manufacturers strictly adhere to the recommendation
and use sans serif type styles, the x-heights from family to family vary dramatically (see
Figure 4). The result is that 6 point fonts with varying x-heights (see Figures 3 and 4),

and presumably varying legibility, are allowed by the regulation.

Gill Sans (a sans Helvetica (a sans Verdana (a sans
serif type) serif type) serif type)
79 point sample 79 point sample 79 point sample

FIGURE 4- COMPARING THE X HEIGHTS OF VARIOUS SANS SERIF FONTS

Type size is, perhaps, the letter characteristic that is most frequently manipulated
to improve legibility; a common perception is that increasing type size will automatically
improve message legibility. To some extent, this is true. However, to say that type size
determines legibility is an oversimplification. The design elements of letters, and the
way they are presented, can have a greater impact on legibility than size of the type.

A study conducted at the New England College of Optometry (Watanabe, 1994)

found elements other than type size had a more significant impact on legibility. “Type
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size alone may not be responsible for poor readability. Other factors that may be
contributing to this difficulty include letter and line spacing, letter contrast, print and
background color, and type style” (Watanabe, 1994). The study concluded, “horizontal
letter compression had a greater effect on readability than vertical letter height.”

An experiment conducted at the Michigan State University School of Packaging
in July 1997 (Lockhart and Bix, 1997) also suggests that more factors influence legibility
than font size. A message in 4.5 point type with black on white contrast was more easily
read than the same message printed in 6 point type with yellow on red contrast. These
results indicate that color contrast can have a greater impact on legibility than type size.

Regulating the 6 point minimum is also problematic because measuring type size
is not straightforward. The size of a given font is based on the now-antiquated system of
setting metal type. Metal type setting was the system used when letterpress, a type of
relief printing, was the only way to print text. In letterpress printing, each letter is raised
from the surface of a metal block (see Figure 5). The block is referred to as the body; the
printing surface (the letter) is referred to as “the face” (Craig, 1980). Type size is based
on the size of the block from which the letter is carved and is not directly related to the
height of the letter.

The difficulty occurs because different typefaces utilize different areas of the
block, and even though type is now created using computer programs, type size is still
based on the letterpress system. As a result, a type size of 6 points does not equal a 6
point letter height. Typefaces, like Verdana (see Figure 4 and 6 and Appendix 2), that
utilize a large percentage of the block are close to 6 points tall. Typefaces that do not use

as much of the block are much shorter, but they are still referred to as 6 point type.
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Point Size

. . (Type Size) or
Printing .
Surface, Block Size

or
“Face”

FIGURE 5- DIAGRAM OF A BLOCK OF TYPE

As aresult, “the face of any letter is not the full point size.... Corresponding letters in the
same size type may vary in height” (see Figure 6 for a limited sample and Appendix 2 for
a more extensive example) (International Paper, 1997). “No type face fills the amount of
space allowed in its measure, e.g. a type face in 10 point may print a letter only 6 points

high; another type face in 10 point will print a letter 8 points high” (Ralph, 1982).
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XXXEX

100 point
Verdana Capital
X

100 point Helvetica
Light Capital X

100 point Times
Capital X

100 point Play
Bill Capital X

100 point Tw Cen
MT Condensed
Capital X

FIGURE 6-VARYING FONTS OF THE SAME TYPE SIZE ARE NOT EQUAL IN

HEIGHT

Occasionally, individuals will measure type size from the bottom of the descender

to the top of the ascender or cap-line (see Figure 7). Ascenders refer to any portion of the

letter extending above the x-height; a lower-case “h” contains an ascender (see Figure 7).

Letters with descenders contain portions that fall below the x-height. A lower-case “p”

contains a descender (see Figure 7). Ascenders and descenders are only found in lower

case letters. International Paper’s Pocket Pal: A Graphic Arts Production Handbook

advises against measuring type in this fashion. “Type size cannot be measured from the

top of an ascending letter to the bottom of a descending letter. The face of any letter is

not the full point size” (International Paper, 1997).
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Counter Forms

FIGURE 7- ASCENDERS, DESCENDERS AND X-HEIGHT

Even if FDA does find a way to accurately determine the point size of letters on
OTC labels, scientists and manufacturers continue to debate what constitutes the
minimum legible type size. Many authors indicate that for type to be legible it should be
well above the 6-point size decreed by FDA. Hauptman (1979) recommends a minimum
of 7 points, while Jewler (1981) suggests sizes no smaller than 10 points. If visually
limited persons are considered (as previously noted, 60% of the elderly living alone are
reported to have chronic problems with vision [U.S. Senate Special Committee on Aging,
1991)), it is suggested that a minimum of 12 points be used (Ralph, 1982).

Others argue that smaller type sizes can be used to create sufficiently legible
messages (CHPA, 1999; NDMA, 1991). They indicate that 6 points is too large for small
medication bottles, and not feasible from a production standpoint (CHPA, 1999; NDMA,
1991). In a statement to FDA, R. William Soller of the Consumer Healthcare Products
Association (CHPA), argues against the 6 point minimum,

“.....[there is a] notable lack of convincing objective support that 6-point

type adds an advantage in legibility over smaller types sizes down to and

including 5.0 point type... These are important observations, and it is

important to find ways to address them. They are important because they

suggest a ripple in what has been up to the Final Rule a fairly reasonable
and productive partnership on labeling” (CHPA, 1999). :
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This is where the prescriptive approach that is being used by FDA fails.
Specifying a minimum type size does not ensure legible labels. Wide variance in the
heights of different type styles is likely to yield designs with varying degrees of legibility.
Even if with the use of a 6-point minimum guaranteed legibility, it is difficult to
determine the type size from the height of printed letters. This reality makes regulating
the current mandate a formidable task. These issues provide further evidence that a
performance standard for the legibility of OTC products is in the best interest of the
public and the FDA.

Other design elements that impact legibility include counters (counter forms), the
presence or absence of serifs, and variations in thickness. These elements all apply to
both upper and lower case letters. Although most readers do not have a conscious
awareness of the negative spaces within letters, also called counter forms or counters (see
Figures 7 and 8), the design of these spaces significantly impacts letter identification.
Both the negative and positive spaces of each letter work in concert to allow viewers to

identify letters at a glance.

SOND-

Helvetica Light Century Modern 20 | Baskerville | Garamond
P o g i ug

FIGURE 8-COUNTER FORMS OF VARIOUS TYPE FACES
(Negative spaces are in black while strokes are in white)
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An.

Helvetica Helvetica Helvetica Helvetica Helvetica
Condensed Condensed Condensed |Condensed | Condensed
Black Black Black 25 Black Black
200 Points 100 Points Points 10 Points | 6 & 4.5 Point

‘ \ ‘ \ A A A A
Helvetica Helvetica Helvetica Helvetica Helvetica
Light Light Light Light Light
200 Points 100 Points 25 Points 10 Points | 6 &4.5 Point

FIGURE 9 -SMALL COUNTERFORMS VS LARGE COUNTERFORMS

A comparison of the two typefaces in Figure 9 reveals that a typeface with large counters,

like Helvetica Light, is easier to read at smaller sizes when compared with a typeface that
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contains smaller counters, like Helvetica Condensed Black. This is because the counters
of the letter are not “swallowed up” as letter size decreases; readers are able to use both
positive and negative spaces to identify the letter.

Letters are produced in a wide variety of stroke weights (see Figure 10). Possible
weights, arranged from lightest to heaviest, are: hairline, extralight, light, book, regular,
medium, demibold, semibold, bold, extrabold, heavy, black, ultra and poster (weights
that appear in bolded type are pictured below) (Department of Mathematics, University
of Utah, 2001). Letters with thinner strokes are characterized by more open counter
forms than their thicker counter parts (see Figure 9), allowing readers to use the positive

and negative spaces for easy letter identification at small type sizes (Craig, 1980).

XX XX

Helvetica Helvetica Helvetica Helvetica
Condensed Condensed Condensed Condensed
Light Regular Bold Black

FIGURE 10- LETTERS WITH VARYING WEIGHTS (Within letter thickness is
uniform.This sample includes only four possible stroke weights.)

Stroke thickness is not always uniform (as pictured in Figure 10); thickness can
vary within a single letter (see Figure 11). A prominent characteristic of the Old Style
faces, those designed between 1450 and 1693, is little contrast in weight between the

thick and thin strokes of the character (Craig, 1980). Transitional faces, developed by
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designers between 1693 and 1784, had “a tendency toward refinement and greater
contrast between the thicks and thins” (Craig, 1980). Typefaces designed between 1784
and 1815, the Modern era, show an even greater contrast in thick and thin. The Slab
Serif, or Egyptian, (1815-1930) era of typography marked a return to less contrast. This
trend was continued in the Contemporary era (1816-present); contemporary designs are

characterized by uniformity in thickness (see Figure 11). They have no contrast in thick

and thin.
100 point 100 point 100 point 100 point Century 100 point
Garamond, Baskerville, Modern No. 20, Schoolbook, a Helvetica Light, a
an “Old Style” a “Transitional” a “Modern” refined version of an “Contemporary”
Typeface Typeface Typeface Egyptian, or slab typeface
1617 1757 1788 serif typeface 1957
1894

FIGURE 11- AN EVOLUTION OF CONTRAST IN LETTER WEIGHT
(Thick and thin)

Another design element utilized to classify typefaces is the use (see Figure 12),
or exclusion (see Figure 14) of serifs. Serif fonts have terminal strokes that are short
cross lines at the end of the main stroke (International Paper, 1997). “Serifs originated
with the Roman masons who terminated each stroke in a slab of stone with a serif to

correct the uneven appearance made by their tools” (Craig, 1980).
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FIGURE 12- THE SERIFS OF A VARIETY OF TYPEFACES -Serifs are in white. “T”
appears in Garamond. “m” appears in Modern No. 20. “N” appears in Century. “W”
appears in Baskerville, and “g” appears in Times New Roman.

Serifs vary in their weight and design. The appearance of serifs, like the contrast of thick

and thin, can be used to identify periods of type design.



I T 11

Garamond, Baskerville, Modern No. 20, Century Helvetica Light, a
an “Old Style” a a “Modern” Schoolbook, a “Contemporary”
Typeface “Transitional” Typeface refined version of typeface
1617 Typeface 1788 (Bodoni) An “Egyptian”, or 1957
1757 slab serif typeface
1894

FIGURE 13- THE EVOLUTION OF SERIF STYLE

“Over the centuries type became more and more refined; that is, the
contrast between the thick and thin strokes became greater (see Figure 13)
and the serifs became finer (see Figure 10). This refinement was possible
because of the development of smoother papers, better inks, and more
advanced printing methods. The ultimate refinement was attained in the
late 1700°s (the Modern era) when Bodoni reduced the thin strokes and
serifs to fine hairline strokes” (Craig, 1980).

Literature reviewing how serifs impact legibility is divided. Many works indicate
that serifs positively contribute to message legibility, while others indicate that sans-serif

fonts are more easily read.

Researchers who believe serifs contribute positively to legibility (Rehe, 1990;
Craig, 1980; McLean, 1980; Vanderplas and Vanderplas, 1980; Wright et. al, 1977,
Perles, 1977; Tinker, 1963; Burt, 1959) generally provide two reasons for the
improvement of legibility when using serif types: (1) “They (serifs) contribute effectively

to the horizontal movement of the reading eye and thus help in combining separate letters
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into word-wholes”(Perles, 1977) (2) Letters with serifs are more easily differentiated by

readers than letters without serifs (sans serif: see Figure 14).

FIGURE 14- SANS SERIF IN A VARIETY OF TYPEFACES (Fonts that do not have
the short terminal strokes required to hide imperfections caused by the early printing
processes).

Researchers who support the legibility of sans serif types (Food and Drug
Administration, 1999 and 1997; Bix, 1998; Pietrowski, 1993; NDMA, 1991) generally
provide the following explanations for improved legibility in the absence of serifs. “Sans
serif type is free of visual distractions” (Garcia, 1981) which improves legibility.
Additionally, the x-heights of sans serif fonts are frequently greater than the x-heights of

serif fonts of equal point size (see Figure 3 and Figure 11); this increase allows for more
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open counter forms, filling more of the space provided by the type size measure,
improving legibility.

Message Design and Legibility
The preceding discussion involves the elements that come together to create

letters. However, messages are not merely letters. Letters must be integrated into words
to be used to convey meanings through messages. Legibility is affected not only by the
design of the letters, but also by the way that they are presented. Several elements of the
presentation, or layout of the letters and words, can impact the reader’s ability to read the
information.

“Letter spacing is the amount of space used between letters, negative or positive,
either for readability, aesthetics or to fill a certain area” (International Paper, 1997).
Historically, in letterpress printing, which used “...metal type, letter spacing is [was]
accomplished mechanically by inserting pieces of metal between the type” (Craig, 1980).
Currently, letter spacing is accomplished by using computer programs to adjust the
distance between letters. Because designers no longer have the physical limitations
imposed by a metal block, negative spacing between letters is now possible. “Negative
letter spacing involves the removal of space between letters individually (kerning) or
between all letters equally (white space reduction or tracking)” (International Paper,
1997). Letter combinations that typically allow kerning (negative spacing between pairs
of individual letters) include: we, We, yo, Yo, wa, Wa, Ta, To, ye, Ye, wo, Wo, va, Va,
WA, VA (International Paper, 1997). The first letter in each of these two letter
combinations provides a negative space that allows for the “overlap” of the two letters in

the form of kerning (see Figure 15).
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200 point Helvetica Regular 200 point Helvetica Regular

0 spacing (no kerning) 0 spacing (no kerning)
200 point Helvetica Regular 200 point Helvetica Regular
-150 spacing (kerned) -150 spacing (kerned)

FIGURE 15- KERNING (NEGATIVE LETTER SPACING BETWEEN SPECIFIC
LETTER PAIRS)

Although FDA’s current regulation does not directly address the use of kerning,
they are aware that manufacturers try to exploit label space by using negative letter
Spacing and typefaces with minimal widths. The width of a typeface is dependent on the
Compression or expansion of the font. Arranged from narrowest to widest, the various

1 1 9

Widths for type include: ultra comp d, extra p narrow,

cond d, regular, expanded and wide (widths that appear in bolded type are pictured
in Figure 16) (Department of Mathematics, University of Utah, 2001).
FDA indirectly regulates typeface width and negative spacing by mandating “type

Styles which ensure letter compression of no more than 39 characters per inch” (FDA,
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1999). This decision was largely based on research conducted at the New England
College of Optometry (Watanabe, 1994). Watanabe’s research indicates that the elderly
population had a “great degree of sensitivity to small changes in horizontal letter
compression”. His work suggests that compression has a greater impact on legibility than
letter height. The FDA followed his recommendation that “39 characters per inch is

sufficient to allow good readability” (Watanabe, 1994).
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Helvetica- Narrow (190 points)

Helvetica- Condensed (190 points) J

Helvetica- Regular (190 points)

FIGURE 16- A COMPARISON OF TYPEFACES WITH DIFFERENT SET WIDTHS
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Leading, the amount of space between lines of type, is also directed by the 1999
regulation. Leading is measured from baseline to baseline (see Figure 7) and is expressed
in points or fractions of a point. “The amount of space or leading used in printing is
usually 0 to 2 points depending on the typeface used” (Ralph, 1982). 50-point type with
no lead is written as 50/50; the type size is 50 and the distance between baselines (see
Figure 7) is 50. 50-point type with 10 points of leading is written 50/60 (see Figure 17).

Champion|Champion
Worlds | Worlds

50 point Helvetica Regular with
0-leading (50/50). This is . ) .
referred to as type that is set 50 point Helvetica Regular with
“solid”. The small difference 10- point leading (50/60).
between the ascender (1) and the
descender (p) is the type size
discrepancy discussed earlier.

FIGURE 17- EXAMINING DIFFERENCES IN LEADING

Leading is known to contribute significantly to legibility, although “there is no set
rule to follow (with regard to appropriate lead)” (International Paper, 1997).
“Too much leading can sometimes be as bad as not enough. Typefaces
with long ascenders and descenders require more leading. Also, the wider
the measure of text composition, the more leading is required for good
readability” (International Paper, 1997).
Ascenders and descenders are not the only aspect of typeface that dictate differences in

leading, “serif type calls for less leading than sans serif type because the serifs reinforce
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the horizontal eye flow. Bolder typefaces require more leading than lighter faces” (Rehe,
1990). Typographical researchers Becker et al. (1970), agree that optimal leading is
dependent on a variety of design factors, “different typefaces need different amounts of
leading.”

FDA does provide a “set-rule” for the designers to follow on OTC labels,
regardless of typeface or message presentation. The FDA regulation specifies a
minimum of 0.5 point leading “to ensure readability” (FDA, 1999). The minimum 0.5
point requirement is less than the 1-point minimum that was specified in the proposed
rule (FDA, 1997). This change was made in response to comments that indicated that if
graphical features (i.e., type size, leading, kerning, and highlighting) were required (many
comments indicated that they should not be), that minimum type size and leading should
be reduced to maximize label space.

Research indicates that 0.5 point leading may be problematic. It is likely that the
manufacturers of OTC drugs will use the minimum as a “standard” element of design
because it will result in smaller labels. However, using the minimum as a standard will
not necessarily produce the most legible labels. As mentioned previously, optimal line
spacing is dependent on typeface and layout. Even if the impact of typeface and layout is
ignored, Ralph’s (1982) findings suggest that FDA is not using sufficient leading for
elderly consumers. His “Publishing Guidelines for Geriatric Visual Concerns” indicates
“no less than two points of leading should be used with smaller than 11 point type”
(Ralph, 1982).

Another factor to consider when discussing legibility is color contrast, the color of

the text and the background on which it is printed. FDA'’s regulation does address the
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issue of color contrast. “The type must be all black or one dark color, printed on white or
other light, neutral color, contrasting background” (FDA, 1999).

FDA'’s contrast mandate is consistent with the vast majority of research findings.
A study conducted at Michigan State University (Lockhart and Bix, 1996) examined the
legibility of 6 color combinations: black type on a white background, blue type on a
yellow background, white type on a blue background, blue type on a white background,
yellow type on a red background and black type on a red background. Black type ona
white background proved the easiest combination to read for all age groups tested (six
age groups ranged in age from 19 to 81; see Appendix 3 for a more complete review of
data). Research conducted by Sorg (1985) concurs that black on white is the easiest
combination to read. The work of the Institute of Grocery Distribution (IGD) (1994),
Arnold (1972), and Summer (1932) further supports the FDA'’s use of a light colored
background paired with a dark type; Arnold and Summer found dark ink printed on
yellow paper to be highly legible, while the IGD supports “dark print on a light
background.” Bradley et al. (1994) concur that black text on a white or yellow
background provides good legibility; they also suggest that these combinations avoid
difficulties associated with red/green color blindness so that messages are accessible to a
large percentage of the population.

Substrate (paper) color not only is a factor in color contrast, it also affects the
color of the text and graphics printed on the package surface. International Paper (1997)
advises, “Type is more easily read against a soft (yellowish) white, while process colors
reproduce most accurately on neutral white paper.” As a result, the optimal printing

substrate for a textually oriented design may be quite different than one that is graphically
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loaded; in the case of pharmaceutical messages, this would suggest a soft (yellowish)
white is optimal.

Substrate smoothness, or surface consistency, also affects message legibility.
Smoothness can be the result of calendering, a processing technique where paper is run
between a stack of rollers. Papers are frequently classified as “uncalendered, machine
calendered, and supercalendered” (International Paper, 1997), depending on the process
used during their manufacture. Papers produced using these processes vary greatly in
surface consistencies.

Surface treatments, called coatings, also have a significant impact on smoothness.
Coated papers were developed in response to the demand for high quality reproduction of
photographs.

“[They] reproduce much finer halftone screens with sharper definition,

improved density and greater color fidelity than can be reproduced on

uncoated papers. Coated paper finishes range from dull to very glossy,

have a greater affinity for printing inks, greater smoothness, higher opacity

and better ink hold out than uncoated papers” (International Paper, 1997).

In a recent interview, Tom Michalsen of Web Marking Systems emphasized the
importance of using smooth substrates for drug packaging. Michalsen believes that his
pharmaceutical customers are his most demanding customers due to the paramount
importance of legibility for drug labels, and the small fonts that are common in the drug
industry. Because of these stringent requirements, Michalsen indicates extremely smooth
substrate surfaces are required for improved ink release for pharmaceutical applications
(Mateo, 2000). Ink release refers to the transfer of the inked image area of the plate onto

the substrate during the printing process. Smoother surfaces result in a more complete

transfer of the ink.
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Substrate-ink affinity, like smoothness, substantially impacts ink release, which
impacts legibility.

“If a paper (the substrate) absorbs too much ink (as in newsprint) the

images appear weak, desaturated and flat (no gloss). If absorbency is low

(as in coated paper) the ink sets near the surface and dries with a

reasonable gloss. This is holdout. If holdout is too high it can cause set-

off (transfer to the back of adjacent sheet) in the paper pile” (International

Paper, 1997).

Either end of the absorbency spectrum can negatively impact the inked image and,
therefore, legibility.

Both the substrate and ink have the ability to affect message legibility. The
process by which the package is printed can also have a significant impact. Packages are
usually printed using one of three techniques: gravure, flexography or lithography. These
three processes differ in the type of plate that transfers the ink to the substrate, the way
that the ink is transferred, the type of ink used, and the appearance of the printed image.
Within each of the three processes, quality can vary greatly, depending on the skill of the
press associates, the speed that is required by the production schedule, the maintenance
schedule of the press, the quality of incoming materials and even the climate of the
production environment. As a result, like the elements of letter and message design, the
manufacturing process is a series of factors that affect the printed image, and therefore,
the legibility. There is no mention of either material quality (substrates and inks) or
process requirements in the FDA’s prescriptive standard for legibility.

It is tempting to believe that legible labels can be guaranteed by mandating certain

elements of design; at a glance, the study of textual elements appears simple. After all,

visual recordings have been around for 30,000 years (International Paper, 1997). In truth,
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even if we exclude the variability introduced by the user and the reading environment,
there are still numerous elements that contribute to design efficacy. In order for
designers to create accessible designs, they must develop sensitivity to the multitude of
design elements that make up letters, words and messages, the manufacturing methods
and materials used to produce the package, and the complex relationships between these
elements, all of which contribute to legibility.

It may appear reasonable to conclude that sufficient legibility can be obtained by
using a certain size and style of type, with sufficient contrast, a minimum leading and
limited compression. FDA has handed down a prescription for OTC labels in exactly this
fashion. Reality does not match the simplicity of this approach. Legibility is the overall
goal in a complex system of interrelated elements (letter weight, letter compression,
counter form shape, stress, type style, type size, message layout, leading, kerning, ink,
substrate, and printing process); it is not easily prescribed.

A good performance standard for legibility accounts for all of the elements of
design and manufacturing and the interactions of these elements while it is measuring
what is truly important, the legibility of the label. It allows designers flexibility in
design, provides manufacturers with defensible proof of message accessibility, provides
consumers with designs that have been tested to be legible and gets FDA out of the
business of “micro managing” label design. A performance standard for legibility would

better serve industry, regulators and, most importantly, the consumers of OTC drugs.



Materials and Apparatus

This research was divided into four separate studies. Three studies, termed
“preliminary studies”, were designed to examine the effect of different procedures and
instruments on the reproducibility and repeatability of test data. Results from the
preliminary studies aided researchers in determining which procedure to use for the 4™
study, referred to as the “primary study”.

The primary study compared a set of labels that complied with the FDA
regulation to a set that did not. Several of the elements of design previously discussed
were manipulated in an attempt to create noncompliant labels that were more easily read
than four labels that complied with the FDA regulation. All of the noncompliant label
designs contained messages that were created in 5.5 point type, type that did not meet the
6 point minimum set by FDA. This is of interest, because many manufacturers have
argued that the 6 point minimum does not ensure, or even appreciably improve, legibility
over smaller type (CHPA, 1999; NDMA, 1991).

If successful, this research answers the call from industry issued by R. William
Soller. Soller, Senior Vice President and Director of Science & Technology at the
Consumer Healthcare Products Association, believes there is a need for an objective
method to measure legibility and argues against the 6 point minimum set by FDA.

“.....[there is a] notable lack of convincing objective support that 6 point

type adds an advantage in legibility over smaller types sizes down to and

including 5.0 point type... These are important observations, and it is

important to find ways to address them” (CHPA, 1999).

Not only does this research provide Dr. Soller with objective evidence, it demonstrates

the ability of the Lockhart Legibility Instrument (LLI) to account for the effect of
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multiple elements on legibility in a single test, and also provides insight into the complex
interactions of the elements of design.

The Lockhart Legibility Instruments (LLIs):
Legibility of printed material can be measured objectively, using instruments and

a test protocol being developed at the Michigan State University (MSU) School of
Packaging. Instruments referred to as “Lockhart Legibility Instruments” (LLIs) quantify
the legibility of textual messages with a single test. Legibility is measured in terms of the
degrees of rotation of an analyzing filter. The degrees of rotation is referred to as the
“Legibility Index”; the higher the Legibility Index value, the more difficult it is for a
subject to read the message being tested.

The LLI has evolved since its creation in the 1960s. Initially, the concept was
developed as a way to measure label impact (step one in Rousseau’s 1998 model, termed
notice); it was primarily used as a marketing device. Dr. Hugh Lockhart, a professor at
Michigan State University’s School of Packaging, recognized that the instrument was not
fulfilling its potential and began using it as a way to measure legibility.

The LLI is essentially a large box with two light sources inside. Printed items to
be tested are placed inside the box on an easel (see Figure 18). Two 25-watt
incandescent floodlights illuminate the test material. Power to the floodlights, and,
ultimately, the light level inside the LLI, is controlled by a rheostat. Once the light level
inside the instrument has been adjusted, subjects are asked to look through a viewing
screen that is located at the front of the instrument and adjust a handle to their right until

the first point that they can easily read the printed message without straining their eyes.
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Easel
illuminated by

two
. incandescent ¥
_[:asel_ floodlights (not
illuminated pictured) j
by two - = s
incandescent
floodlights

FIGURE 18-LOCKHART LEGIBILITY INSTRUMENT EASELS (Older LLI,
built in 1993, is on the left. New model, built in 1999, is pictured on the right.)
The viewing screen that the subject looks through is made of a pair of polarizing
filters. Subjects begin by rotating a handle on their right; as they rotate the handle, the
first filter inside the viewing screen also rotates. Rotation of the first filter controls the
amount of light that reaches the test subject’s eyes. Messages that are difficult to read
require more light; therefore, difficult messages require the subject to rotate the filter
further, resulting in high legibility indexes.
The filters are Polaroid HN22 Linear Polarizing Filters that are 0.030 inches thick.
James Pietrowski (1993) indicated that he chose the HN22 filters because they had a
uniform level of light transmission through the portion of the spectrum to which the eye
responds, 440-750 nm wavelength. The unique properties of Polaroid lend themselves to
application within the viewing screen of the LLI.

“Polaroid represents a class of materials that absorbs light oscillations in
one direction but not the component oriented at right angles. These
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materials often contain long particles, rods or plates, aligned parallel to
each other in a regular arrangement. These aligned particles transmit one
plane of polarized light and absorb the perpendicular one..... The Polarizer
can transform circularly polarized light into linearly polarized light” [see
Figure 19] (Department of Physics and Astronomy, ASU, 1999).

Polarizer
Y
Y
- V/\
Circularly polarized Linearly polarized

FIGURE 19- CIRCULARLY POLARIZED LIGHT BECOMES LINEARLY
POLARIZED AFTER BEING PASSED THROUGH A SINGLE POLARIZING
FILTER (Department of Physics and Astronomy, ASU, 1999)
Unlike Figure 19, the LLI uses a pair of filters (see Figures 20 and 21). The filter
closest to the subject is referred to as the analyzer. Subjects rotate the analyzer as they
adjust a handle to their right. A second filter, placed directly behind the analyzer, is

referred to as the polarizer. The polarizer is fixed in place; it does not move as the

subject adjusts the handle.
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Polarizing ]
Filter Analyzing

Filter

FIGURE 20-POLARIZER AND ANALYZER- AXES CROSSED (0° of rotation)

Polarizing Analyzing

, X1 /X
Linearly

Polarized Light

FIGURE 21- POLARIZER AND ANALYZER- AXES PARALLEL (90° of rotation)

Subjects begin at 0° of rotation; the handle to the subject’s right is turned
clockwise until it comes to a physical stop. At 0° of rotation the axes of the filters are
crossed (see Figure 20); when the axes are crossed the analyzer will absorb all the light
transmitted by the polarizer. As a result, when testing begins, the viewing screen is
black. Subjects are asked to rotate the handle using a counterclockwise motion until the

first point that they can easily read the text without straining their eyes. This action
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rotates the analyzer (relative to the polarizer) to a maximum of 90°. At 90° the two filters
have their orientation axes aligned parallel to each other. The first filter, the polarizer,
transmits linearly polarized light (see Figure 19). This linearly polarized light is then
transmitted, without absorption, through the second filter, the analyzer (Department of
Physics and Astronomy, ASU, 1999). The more difficult the text is for the subject to see,
the more light they require. For more light, subjects have to rotate the analyzer further.
This results in a higher Legibility Index value for items that are difficult to read.

Two LLIs were used in the research presented here; one was constructed in 1993
and a second was created in 1999. James Pietrowski (1993), a graduate student,
developed the older instrument (see Figure 22). Coefficients of variation are large for
this instrument, typically ranging from 30-50%. In an attempt to try to reduce the
variability of data, Dr. Hugh Lockhart directed the production of a second instrument in

1999 (see Figure 23).

Printed text is placed inside the
instrument where it is
illuminated by two incandescent
floodlights

Rotating
Analyzing Filter

Analog Readout of Legibility
Index (Degrees of Rotation of
Analyzing Filter)

FIGURE 22- THE 1993 LOCKHART LEGIBILITY INSTRUMENT (LLI), BUILT BY
JAMES PIETROWSKI
(Preliminary study #3, which investigated the variability of data collected by each of the
two LLIs was the only study that used the older instrument)
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The 1999 model features several improvements over Pietrowski’s model. Many
of the improvements were added in an attempt to reduce variability. A light meter is now
contained in the easel, allowing researchers more precise control of the intensity of light
illuminating the test material. Digital readout of the degrees of filter rotation has
replaced an analog system; the digital readout has a sensitivity of 0.1 degrees of rotation,
as compared with 1 degree of rotation for the analog. The viewing area has been reduced
in size, and a shielded view port has been added in an attempt to block distracting
reflections and ambient light. The view port was created using a pair of oxyacetylene
welder goggles with the lenses removed.

Another new feature of the 1999 model is the adjustable easel. The new LLI was
built so that subjects are able to manipulate the distance that they use to view the test
material. The easel inside the new model is mounted to a track (see Figure 18). Subjects
can move the easel along the track by adjusting a hand crank at the front of the
instrument (see Figure 23). This enables subjects to alter the viewing distance, allowing
them to adjust to their “natural” reading distance rather than reading test material from a
distance chosen by researchers.

It was hypothesized that the new features of the 1999 instrument, which allow
more precise control, would result in smaller coefficients of variation of measurements.
Preliminary study 3, one of three studies that examined the variability of data produced
by LLIs, tested this hypothesis. The Procedures and Results Chapters of this document

detail the experiment and findings, respectively.
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Light meter directly
¥ mounted to easel for
A more precise control
of internal flood

Shielded view port lamps
blocks ambient light
from interfering with
subject’s view

Digital readout
of both internal
light and
degrees of filter
oA b =
Hand wheel allows subject
to more precisely control
the degrees of rotation

Hand crank allows subject
to manipulate the viewing
distance

FIGURE 23-THE 1999 LLI, BUILT BY SYCAMORE TECHNICAL SERVICES
Legibility Cards (Preliminary Studies Only):

All three preliminary studies used six cards printed in a single font, 10 point
Helvetica Light. Label designs were created using Microsoft Word and were printed
using a Hewlett Packard 722 Ink Jet printer. Each card contained a different message
(see Table 1). Messages were shown in previous studies to have a statistically marginal
(Bix, 1998) or insignificant effect (Lockhart and Bix, 1996) at a=0.05. Cards were
labeled one through six so that they could be easily identified (see Table 1).

After messages were printed, they were mounted onto 3” x 4” cards, with a
message centered horizontally on each. All messages were printed using a black on
white contrast. Black on white was chosen because it provides a high degree of contrast,
is generally recognized as highly legible (Lockhart and Bix, 1996; Sorg, 1985; Paterson

and Tinker, 1935) and does not pose problems for people with color vision deficiencies.
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Font Size Mes#sage Font Message- As it appeared on the card
) Helveti It may help most of them to work today. She
10 points 1 ;’}eh;ca works in this club after midnight. The order to
g gowill be done after two.
] Helveti She works in this club after midnight. The
10 points 2 f;:h:ca order to go will be done after two. There will
be some sugar i |
. Helveti The order to go will be done after two. There
10 points 3 iyeh;ca will be some sugar in the kitchen. Hereis a
'€ copy of lunch hours for today,
) Helveti There will be some sugar in the kitchen. Here
10 points 4 i-veh:ca is a copy of lunch hours for today. From here
'€ to there flowers cannot grow.
i Helvetica | Here is a copy of lunch hours for today. From
10 points 5 Light here to ther? flowers can not grow. It may
help most of them to work today.
) Helveti From here to there flowers can not grow. It
10 points 6 i;:h;ca may help most of them to work today. She
works in this club after midnight

TABLE 1-PRELIMINARY STUDY LABEL MESSAGES

Labels (Primary Study Only):
The primary study used eight labels created using Adobe Illustrator 9.0 (see

Appendix 4 for a complete set of labels). Label factors included design, compliance and
message. Design contained four levels: Univers Ultra Condensed in 9.0 points, Gill Sans
in 6.0 points, Lucida Fax in 5.5 points and Verdana in 5.5 points. Design was nested
within compliance; the Univers Ultra Condensed and the Gill Sans labels were always
compliant with the FDA regulation, while the Lucida Fax and Verdana designs were
always noncompliant (see Figure 24). Compliance indicates that labels complied with
the FDA’s regulation; noncompliance indicates that labels violated the regulation. The
body text of noncompliant labels was only 5.5 points. They did not meet the 6-point
minimum prescribed by FDA.

Two levels of message, “drug” and “nonsense”, were used to test for an effect of

familiarity with message (see Appendix 4 for specific messages). It was hypothesized

53



that the drug labels would require fewer degrees of rotation than their nonsense
counterparts because subjects would be familiar with their contents. The wording for the
drug label message was taken from a sample label published in the final rule (FDA,
1999). This message was then converted into the “nonsense” message by replacing each
word with a random word of equal length. For example, the word “drug” may have been

replaced with the word “golf”.

Univers 1 Univers 1 Gill Sans 1 Gill Sans
Ultra Ultra
2 Condensed 2 Condensed 2 2
3 Nonsense 3 3  Nonsense 3
Message Drug Message Message Drug Message

1 Lucida Fax 1 Verdana ! 1 Verdana
2 2 2

3 3  Nonsense 3

Drug Message Message Drug Message

Designs pictured in white were always compliant with regard to the FDA regulation,
while designs pictured in gray were not compliant. As a result, compliance is nested
within design in the analysis of data. The numbers 1, 2 and 3 indicate the general
label location where subjects were asked to read text

FIGURE 24- FACTORS OF LABEL DESIGN

As mentioned previously, several elements of design were manipulated in an
attempt to create noncompliant labels that were at least as easily read as labels that

complied with the FDA regulation (see Appendices 5 and 6 for designs that were not
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used in the study). The major element of design that determined which labels were used
in the study was x-height (see Appendix 4 for Primary Study Labels).

Gill Sans was used to create one of the two compliant label designs. Gill Sans is,
as FDA recommends, a sans serif typeface. It was chosen because it is firmly within the
guidelines set by FDA but has a small x-height for a sans serif font (see Figure 25). By
contrast, Verdana, one of the two noncompliant designs, has a much larger x-height (see
Figure 25), providing a more open counter form at small sizes and giving the reader a
better visual impression of letter size. This is also true of the other noncompliant design,
Lucida Fax. Lucida Fax was chosen not only for this reason, but also because it runs
contrary to FDA’s recommendation of sans serif typefaces. It does contain serifs, but

unlike many serif fonts, has a large x-height (see Figure 25).

xpd Xpd-xpd

Gill Sans Verdana Lucida Fax
70-point sample 70-point sample 70-point sample

FIGURE 25- COMPARING THE X-HEIGHTS OF GILL SANS, VERDANA AND
LUCIDA FAX TYPEFACES (UNIVERS ULTRA CONDENSED IS NOT PICTURED)

Although the other compliant typeface, Univers Ultra Condensed (UUC), does
have a fairly large x-height, it also has a large amount of letter compression (see
Appendix 4). This letter compression makes it a difficult font to read, despite the fact

that it has a fairly large x-height, illustrating the point that the elements of design cannot
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20/200, etc., indicate that the subject being tested at 20 feet can just discriminate letters
that a person with normal vision, the average person, can see at 20 feet, 40 feet, 200 feet

and so forth (Kelly, 1993).

FIGURE 26- DOW CORNING OPHTHALMICS NEAR POINT VISUAL ACUITY
CARD (Card is reduced from actual size)

A.W. Sperry Light Meter, Model SLM-110 (All Studies)
A light meter (See Figure 27), manufactured by A.W. Sperry, was used in two

ways. In all studies, the light meter was used to record the ambient light at the time of
testing. It was also used to measure and control the intensity of light inside the older
instrument; preliminary study #3 was the only study that utilized this instrument. To
measure the light level inside the 1993 instrument, the sensor was placed on the lower
easel and the lid was closed. The light inside the LLI was adjusted using a rheostat until

the light meter reached a level of 25 foot-candles + one foot-candle. B the new
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LLI has a sensor that is built into its easel, it was not necessary to use the Sperry Light

meter to ensure the proper illumination levels inside the new instrument.

Light Level Readout (in
Foot-Candles)

FIGURE 27- A.W. SPERRY LIGHT METER AND SENSOR
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Procedures

As mentioned previously, this research was divided into a series of four
experiments. Preliminary studies one and two were repeatability/reproducibility studies
that tested for an effect of procedure on the variability of data collected. Preliminary
study three was also a repeatability/reproducibility study; it examined the effect of
instrument on the variability of data collected. The final study, termed the primary study,
examined several effects of design on legibility, as measured by the LLI.

The procedures of each experiment will be presented in this chapter separately so
that readers can develop a clear idea of each experimental design. Subject orientation
and the collection of subject-related information, which was the same for all experiments,
is presented below.

Subject Orientation
Prior to testing, the level of ambient light was measured by placing the sensor of

the A.W. Sperry light meter on the table to the right of the LLI, facing the ceiling. The
ambient lighting conditions were recorded prior to testing, but could not be adjusted. All
testing was conducted at the School of Packaging under florescent lights during daylight
hours in an attempt to maintain consistency.

Before data was collected, subjects were provided with a brief one-on-one
orientation with the researcher. The researcher explained,

“This is an instrument that quantifies how easy or difficult a label is to

read. It does this by measuring the amount of light a subject requires to

read a given message. The harder a message is to read, the more light is

required; the easier it is to read, the less light is required. If you choose to

participate in this study you will be asked to fill out some information

regarding your education, eyewear and age. This information will be
anonymous; your name will not be recorded on any documents. Your
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visual acuity will be measured and recorded. You will be asked to read a

series of labels that are placed inside the instrument. If you normally use

corrective eyewear to read you should use it for this experiment. You will

read the labels by looking into the viewing field on the instrument. As

you look through the viewing field rotate the handle to your right counter-

clockwise until the first point where you are able to easily read all of the

words you are directed to read without straining your eyes. Testing will

not take any longer than 25 minutes. It is important to remember that this

is a test of the printed labels and not of your eyes. There is no need to

worry about how your results compare with the results of other test

subjects. We are concerned about how the labels compare to one

another.”

In order to protect the test subjects’ rights, subjects were asked to review and sign
a written consent form (IRB # 01-292; expiration May 15, 2002). Subjects signed the
consent form, signifying either acceptance or rejection of the invitation to participate,
before testing began (see Appendix 7 for written consent form).

Collection of Subject-Related Information
After the subject signed the consent form, a data-recording sheet was used to

record subject-related information, which included: gender, educational background and
age group (see Appendix 8 for the Primary Study’s recording sheet, Appendix 9 for the
recording sheet used in preliminary study one and two, and Appendix 10 for the
recording sheet used in Preliminary Study 3). These sheets were also used to identify the
order in which the subjects participated. The sequential order of testing was recorded as
“subject number”; in other words, the first subject in each study was labeled subject one,
the second subject two; etc.

After demographic information (gender, educational background and age group)
and subject number were recorded, subjects were given the Dow Corning Ophthalmics
Near Point Visual Acuity card (see Figure 26). While seated in front of the LLI, they

were asked to hold the card approximately 16 inches in front of them and read the
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smallest print that they could read. The researcher aided subjects with the 16-inch span
by marking the distance with a measuring tape. Each subject’s Snellen visual acuity was
recorded on the appropriate data-recording sheet (See Appendices 8-10). Data was
collected from all subjects willing to participate in the study; however, only the results of
subjects with measured visual acuities of 20/30 or better were used in the data analysis.

In a previous study (Bix et al., 1997), an analysis of residuals revealed that initial
readings tended to be higher than readings that followed. This suggested that subjects go
through an adjustment period as they get used to using the LLI. As a result of this
information, it was decided that two “dummy cards” would be used before any data was
recorded. Subjects read the dummy cards in the same manner that they did the test
material, but these readings were not recorded or analyzed, allowing subjects to adjust to
the instrument without affecting test results. Two dummy readings were taken before
testing, and any time that the distance between the subject and the message was changed
during testing. Dummy cards were used in all studies presented in this document.
Preliminary Study One

In preliminary study one, the easel was positioned at the front of the instrument
(see Figures 18 and 23); subjects were asked to adjust its distance until it was at the most
comfortable reading distance for them. They viewed two dummy cards and each of the
six messages (see Table 1) twice, for a total of 12 recorded readings (dummy cards were
not recorded) from the distance that they chose. Data was also collected from a fixed
distance of approximately 18.5”. From this distance, subjects read a set of two dummy
cards and each of the six messages twice, for a total of 12 recorded readings from a fixed

distance of 18.5”. To counteract any effect of learning as subjects became familiar with
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the messages, the procedure alternated between subjects; if subject one began the study
by adjusting the distance of the easel to the distance of their choosing, then subject two

began from a fixed distance, etc. (see Figure 28 for a graphical description of the

procedure).

Preliminary Study One-
Manipulated Distance from the
Front of the Instrument Vs Fixed Distance

1* _ Fixed distance ~18.5” Read two dummy cards
and 6 messages twice each

Subject Manipulated Distance

(begin at instrument front)
- P R . Read two dummy cards
Subject 1 and 6 messages twice each

Subject Manipulated Distance
(begin at instrument front)
Read two dummy cards

1= — =P and 6 messages twice each

Fixed distance ~ 18.5”

2™ & = Read two dummy cards
Subject 2 and 6 messages twice each

Fixed distance ~ 18.5”

1™ M Read two dummy cards

and 6 messages twice each

Subject Manipulated Distance
(begin at instrument front)
2 Read two dummy cards
Subject 3 and 6 messages twice each

FIGURE 28-GRAPHICAL INTERPRETATION OF THE PROCEDURE USED FOR
PRELIMINARY STUDY ONE
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Subject Demographics: Preliminary Study One

Ten people were tested using the aforementioned procedure to examine whether
allowing subjects to choose their own viewing distance created less variable data than
imposing a fixed distance. Of the 10 subjects, seven were between the ages of 19-28 and
three were between the ages of 29-38.

Visual acuity, another factor that was statistically examined, also varied within
the subject population. Seven of the ten subjects had visual acuities of 20/20; three had
measured visual acuities of 20/30. Two of the three 20/30 acuities were in the younger
age group so that acuity was not confounded with age in the analysis.

The gender and educational level of each subject were recorded, but not used in
the statistical analysis. Of the ten people tested, six were female and four were male. Six
were enrolled in a doctoral program, one was completing a master’s degree, two were
undergraduate students and one had completed high school.

Preliminary Study Two

In preliminary study two, the easel was positioned at the back of the instrument
(see Figures 18 and 23) and subjects were asked to adjust its distance until it was at the
most comfortable reading distance for them. Please note the change in the beginning
position of the easel, which makes this study different from preliminary study one. As in
preliminary study one, each subject viewed six messages (see Table 1) twice from the
distance they chose and twice from a fixed distance of approximately 18.5”, for a total of
24 readings; dummy readings were performed, but not recorded. Again, the procedure

alternated between subjects to counteract any effect of learning that occurred as subjects
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became familiar with the test cards (see Figure 29 for a graphical representation of the

procedure).
Preliminary Study Two-
Manipulated Distance from the Back of the
Instrument Vs Fixed Distance
1" _ Fixed distance <18.5” Read two dummy cards
and 6 messages twice each
Subject Manipulated Distance
(begin at instrument back)
2" G-t Read two dummy cards
Subject 1 and 6 messages twice each
Subject Manipulated Distance
(begin at instrument back)
Read two dummy cards
1* 4+ < and 6 messages twice each
Fixed distance ~ 18.5”
- piall &= - Read two dummy cards
Subject 2 and 6 messages twice each
Fixed distance ~ 18.5”
1" @ ") Read two dummy cards
and 6 messages twice each
Subject Manipulated Distance
(begin at instrument back)
2" G——g—g— Read two dummy cards
Subject 3 and 6 messages twice each

FIGURE 29-GRAPHICAL INTERPRETATION OF THE PROCEDURE USED FOR
PRELIMINARY STUDY TWO



Subject Demographics: Preliminary Study Two

Ten people were tested using the aforementioned procedure to examine whether
allowing subjects to choose their own viewing distance created less variable data than
imposing a fixed distance. Of the 10 subjects, five were between the ages of 19-28 and
five were between the ages of 29-38. Eight of the ten subjects tested had visual acuities
0f 20/20. Two had measured visual acuities of 20/30. Both subjects that had visual
acuities measured to be 20/30 were from the youngest age group.

Gender and educational level were recorded, but not used in the statistical
analysis of the data. Seven of the ten tested were female; three were male. Seven
subjects had begun working on doctoral degrees, one was working toward a master’s

degree and two were pursuing undergraduate degrees.

Preliminary Study Three
Preliminary study three compared the variability of data collected using the older

instrument (see Figure 22) with the variability of data collected with the new instrument
(see Figure 23). It was hypothesized that many of the features of the new model, which
were discussed in the Materials and Apparatus Chapter of this document, would decrease
the variability of data.

In preliminary study three, distance was permanently fixed at approximately 17.5”
and the light level was set to 25 + 1 foot candles for both instruments. Ten subjects used
the 1993 model (see Materials and Apparatus Chapter) to view two dummy cards and
each of the six messages (see Table 1) twice, for a total of 12 recorded readings from the
older instrument. Slibjects also read two dummy cards and each of the six messages
twice using the 1999 model. There were a total of 12 recorded readings using the newer

instrument. To counteract any effect of learning as subjects repeatedly read the cards,
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each subject began testing with a different instrument than the previous subject. That is,
if subject one began the study by using the 1999 model (see Materials and Apparatus
Chapter), then subject two began testing using Pietrowski’s 1993 model (see Figure 28

for a graphical description of the procedure).

Preliminary Study Three-
Effect of Instrument on Data Variability
1* 1993 Model (Older) Read two dummy cards
and 6 messages twice each
1999 Model (Newer)
2™ Read two dummy cards
Subject 1 and 6 messages twice each
1999 Model (Newer) Read two dummy cards
| and 6 messages twice each
1993 Model (Older)
. 2™ Read two dummy cards
Subject 2 and 6 messages twice each
1993 Model (Older)
1* Read two dummy cards
and 6 messages twice each
1999 Model (Newer)
2™ Read two dummy cards
and 6 messages twice each
Subject 3

FIGURE 30-GRAPHICAL INTERPRETATION OF THE PROCEDURE USED FOR
PRELIMINARY STUDY THREE
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Subject Demographics: Preliminary Study Three

Ten people were tested using the aforementioned procedure to compare the
variability of data collected using the older instrument to that collected with the newer
model . Of the 10 subjects, nine were between the ages of 19-28 and one was between
29-38. Eight of the ten subjects tested had visual acuities of 20/20. Two had measured
visual acuities of 20/30. Both subjects that had visual acuities measured to be 20/30 were
from the younger age group.

Gender and educational level were recorded, but not used in the statistical
analysis of the data. Six of the ten tested were male; four were female. Seven subjects
had begun working on master’s degrees and three were pursuing doctoral degrees.

Primary Study
In the primary study, fifty subjects read eight labels at the top, middle, and bottom

of the label to test two hypotheses: (1) A noncompliant label can be created that is at least
as legible as one that complies with the FDA regulation; (2) Labels that contain a familiar
message (a drug label) will require fewer degrees of rotation than a message that is
unfamiliar to subjects (a nonsense label).

After the ambient light level had been recorded, and signed consent had been
obtained (see Appendix 7), subjects were asked to read eight labels (see Appendix 4)
using the new LLI (see Figure 23). Label factors included: design (4 levels), compliance
(2 levels), and message (2 levels) (see Figure 24). An additional factor, position (3
levels), was tested in the ANOVA; subjects read all labels at the top, the middle and the
bottom position. Due to requirements of the statistical program (SAS), different levels
within each factor were assigned numbers (see Table 2). For example, labels created

using Univers Ultra Condensed were considered design level one, Gill Sans labels were
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design level two, Lucida Fax labels were called level three and all Verdana designs were
referred to as level 4. Labels were assigned a number, one through eight, so that the

researcher could easily and quickly identify the combination of factors and levels that

made up each label (see Table 2).
Message . 0
Label# | (Level 4 i Anal sisy | (Level#in (I,ev(?l);lpixl:anmalce' sis)
Y Analysis) Y
9 point Univers Ultra .
1 Condensed (1) Nonsense (1) Compliant (1)
2 6 point Gill Sans (2) Drug (2) Compliant (1)
3 6 point Gill Sans (2) Nonsense (1) Compliant (1)
4 35 p°‘“‘(13‘;‘°‘da Fax | Nonsense (1) Noncompliant (2)
5 5.5 point Verdana (4) Drug (2) Noncompliant (2)
9 point Univers Ultra .
6 Condensed (1) Drug (2) Compliant (1)
5.5 pomt(g,;lmda Fax Drug (2) Noncompliant (2)
8 5.5 point Verdana (4) Nonsense (1) Noncompliant (2)

TABLE 2- FACTORS AND LEVELS OF PRIMARY STUDY LABELS
Before testing began, the researcher positioned the easel so that it was at the front
of the instrument, and placed one of the two dummy cards on it. With the analyzer at 0°
of rotation (total darkness), the light level inside the machine was adjusted to 25 foot
candles + 1. Once the light level had been adjusted, the researcher rotated the analyzing
filter to a total of 90° of rotation (total light). Subjects were then instructed,

“Look through the viewfinder. You should see an easel holding a card.
Turn the hand crank in the center of the machine (see Figure 23). This
will adjust the distance between you and the card. Make the adjustment
until the card is at the most comfortable reading distance for you. You
will probably be able to read the card from any distance, but choose the
distance that is most comfortable for your eyes, just like you might adjust
the distance of a book for comfortable reading.”
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The light level inside the LLI was adjusted as subjects moved the easel in an attempt to
maintain a constant level of 25 foot candles falling on the surface of the easel.

After the easel distance had been adjusted, and the subject had completed two
readings using the dummy cards, data collection began. As mentioned, 50 subjects read
each label (see Appendix 4) in three different places (a line near the top, the middle and
the bottom of the label). The labels were randomly grouped and then assigned the
numbers one through eight (see Table 2). Subject one read the message on labels one
through eight first at the top, position one. The same subject then read labels one through
eight a second time, but this time at the label’s middle, position two. For the third and
final reading, subject one again read labels one through eight, but this time they were
asked to read the label at the bottom, position three. For subject two a single label was
rotated to the bottom of the pile (label one was placed behind label eight). As a result,
subject two read labels two through eight followed by label one. Additionally, subject
two began the test by reading the message in the middle of the label, position two, first.
Subject two read the labels a second time, again labels two through eight followed by
one, but this time they read the message at the bottom of the label, position three. Subject
two finished testing by again reading labels two through eight followed by label one, but
this time read the top position of the label, position one. This rotation of label and

position continued throughout the testing for all 50 subjects.
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1 Subject is presented the labels in the
following order:

123456738

Position 1

2" Subject is presented the labels in the
following order:

123456738

Position 2

Subject 1

3™  Subject is presented the labels in the
following order:

1 2345678

Position 3

1* Subject is presented the labels in the
following order:

23456781

Position 2

2™ Subject is presented the labels in the
following order:

23456781

Position 3

Subject 2

3™  Subject is presented the labels in the
following order:

23456781

Position 1

FIGURE 31-GRAPHICAL INTERPRETATION OF THE PROCEDURE USED FOR

Fifty subjects tested for the primary study were included in the analysis. Subjects

THE PRIMARY STUDY

Subject Demographics: Primary Study
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with measured visual acuities lower than 20/30 were tested, but their results were not
used in the statistical analysis of the data. Subjects tested who were older than 48 were

also eliminated from the analysis. This data was eliminated because previous studies




have shown that variability of data collected using the LLI increases with increasing age
(Bix, 1998) and decreasing visual acuity. Since there is potential to use this instrument as
part of a performance standard for legibility, keeping variation to a minimum is
paramount.

Originally, it was proposed that only subjects age 19-28 would be used for this
study. However, it proved difficult to find 50 qualified subjects within this age range
who were willing to participate. As a result, two more age groups (29-38 and 39-48)
were included in the analysis. It is important to note that the number of subjects in the
two older age groups is relatively small, and that in the analysis there was no significant
difference attributable to age group. Thirty-five subjects were 19-28; twelve subjects
were between the ages of 29-38 and three were 39-48. Of the 50 subjects that were
included in the analysis, thirty-eight had a measured visual acuity of 20/20 or better and
twelve were measured to be 20/30.

The educational level and gender of subjects were also recorded, but these were
not used in tﬁe analysis of data. Of the 50, thirty-four were male and sixteen were
female; twenty-four subjects were currently pursuing undergraduate degrees, 17 master’s

degrees and nine doctoral degrees.

71



Results

Preliminary Studies One and Two:

Figures 32 and 33 summarize the coefficients of variation for the data collected
during preliminary studies one and two, respectively. Coefficients of variation are
presented because the first two preliminary studies were concerned with the effect of
procedure on the variability of data.

Preliminary study one used a group of 10 people to compare the variability that
resulted when researchers fixed the reading distance at 18.5” to the variability that
resulted when subjects adjusted the easel to the most comfortable position for them. In
preliminary study one, subjects began manipulating the easel distance from the front of
the instrument. Preliminary study two used a second group of 10 people to compare the
variability that resulted when researchers fixed the reading distance at 18.5” to the
variability that resulted when subjects adjusted the easel to the most comfortable position
for them, with distance adjusted from the back of the instrument.

Results were tested for statistical significance using a mixed model Analysis of
Variance (ANOVA).

Response =4 + Distance + Study + Message + Subject (Study) + Visual

Acuity + Distance*Subject (Study) + Residual
Subject, an effect that was nested within study, and residual were considered random
effects. All remaining effects were treated as fixed effects. Using this approach, it was
determined that the variability of the results produced by the 10 people from study one
differed significantly from the variability of the results obtained from the 10 people tested

in study two. An analysis of the residuals shows these differences graphically (see Figure
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34). Subjects in preliminary study two produced data that was significantly more

variable than subjects who participated in preliminary study one. This difference is also

evident in the coefficients of variation (see Figures 32, 33 and 35).

Coefficients of Variation

B Distance Fixed at

Preliminary Study 1 18.5°
30
25 O Subjects Adjust
0 the Distance
(Begin from

Percentage
- - N
(¢}

O_J

Instrument Front)

Subject|

FIGURE 32- COEFFICIENTS OF VARIATION FOR PRELIMINARY STUDY ONE
BY SUBJECT (Subjects begin adjusting distance from the front of the instrument)

Coefficients of Variation '?;st;nce Fixed at
0 Preliminary Study 2 '
25 O Subjects Adjust the

] Distance (Begin from
g 20 the back of the
= Instrument)
e 15
3 10 = 1
o

5 ) 1 f - -

0 - | |subject

FIGURE 33- COEFFICIENTS OF VARIATION FOR PRELIMINARY STUDY TWO
BY SUBJECT (Subjects begin adjusting distance from the back of the instrument)
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Residual

Residuals Versus Distance Procedure

6D
60
4D
30
20—

]
s
s $
10 t

e —

-2“-4

D P1 SD P1 FD P2  SD P2

O GO PDNE ¢ 0 WO

FIGURE 34: RESIDUAL ANALYSIS PRELIMINARY STUDY ONE
VERSES PRELIMINARY STUDY TWO
(FD P1 refers to Fixed Distance, Preliminary Study 1; SD P1 refers to
Subject Manipulated Distance, Preliminary Study 2; FD P2 refers to Fixed
Distance, Preliminary Study 2, etc.)

Because subject is nested within study, and the subjects were shown to differ
significantly, results from study one cannot be compared with study two. However, the
effect of procedure can be examined by limiting analysis to within study comparisons.

Within study comparisons were made using a likelihood ratio test. Each study
was analyzed using two statistical models. Model one assumes equal variances of
treatment; if the distance was fixed, variability of the resultant data is no different than
the variability produced when subjects adjust the distance (61°=0,%). Model two assumes

there is an effect of treatment on the data’s variability (c,%#0,°); fixing the distance
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between the subject and the reading material produces more (or less) variability than
occurs when subjects choose the viewing distance. The -2 residual log likelihood value
of Model 2 is subtracted from the -2 residual log likelihood value of Model 1 to get a test
statistic variable that, under the null hypothesis, has a chi-squared distribution with one
degree of freedom. From this distribution a p-value is obtained to determine whether the
two models return significantly different results. Statistical significance indicates that
there is difference in the variability that occurs when different procedures are employed.

The -2 residual log likelihood values for preliminary study one were 1048.7
(Model 1) and 1047.4 (Model 2). The chi-squared value was 1.3; this resulted in p-value
0f 0.25421. There was no statistical difference in the variability that occurred when
researchers fixed the distance and the variability that occurred when subjects chose their
own reading distance by beginning easel adjustment from the front of the LLI.

The -2 residual log likelihood values for preliminary study two were 1417.8
(Model 1) and 1415.1 (Model 2). This resulted in a chi-squared value of 2.7. The p-
value was 0.10035. Like preliminary study one, there was no statistically significant
difference when researchers fixed the easel distance and when subjects chose the distance
by beginning easel adjustment from the back of the instrument.

A simple comparison of within subject variation and between subject variation
was made by calculating several coefficients of variation. Figures 32 and 33 reveal
information about within subject variation because they depict CVs for each subject by
treatment. These values can then be compared with coefficients shown in Figure 35,

which include variability that results from differences in subjects.
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Coefficients of Variation

Percentage
8 8 8 8 8 3 8 8

FIGURE 35- COEFFICIENTS OF VARIATION: PRELIMINARY STUDIES ONE
AND TWO BY MESSAGE
A comparison of Figure 35 with Figures 32 and 33 reveals something of interest.

Coefficients of variation are much smaller when they are examined on a per subject basis
(see Figures 32 and 33). When the coefficients are measured between subjects, as in
Figure 35, they are much larger. Our research examines the effects of procedure and
instrument on the variability of data collected using the LLI. However, it is important to
note that much of the variability of observations is attributable to the differences in the

i h 1

t 1 hing that is beyond our control.

Preliminary Study Three:
Figure 36 summarizes the coefficients of variation for the data collected during
preliminary study three. Coefficients of variation are presented because preliminary

study three examined the effect of instrument on the variability of data collected.
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Specifically, study three aimed to determine if the new instrument resulted in less

variable data than the older model.

Coefficients of Variation-Preliminary

Study 3 H 1993 Instrument
40 001999 Instrument

w
o

Percentage
= N
o o

Ak am

I

Subject 1 2 3 4 5 6 7 8 9 10

FIGURE 36: COEFFICIENTS OF VARIATION FOR PRELIMINARY STUDY
THREE

As with preliminary studies one and two, comparisons for preliminary study three
were made using a likelihood ratio test. Two statistical models were employed to
determine if the instrument has an effect on the variability of data collected. Model one
assumes equal variances of treatment; there is no difference in the variability collected
using the 1993 model when it is compared with the variability of data collected using the
1999 model (g1>=g.?). Model two assumes there is an effect of treatment on data
variability (g1%52°); the variability of the data collected with the 1993 model is assumed

to be different than that collected with the 1999 model.
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The -2 residual log likelihood value of Model 2 is subtracted from the -2 residual
log likelihood value of Model 1 to get a test statistic variable that, under the null
hypothesis, has a chi-squared distribution with one degree of freedom. From this
distribution a p-value is obtained to determine whether the two models return
significantly different results. Statistical significance indicates that there is difference in
the variability that occurs when different instruments are used.

In addition to comparing the two models by way of a p-value, the variability of
data collected can also be examined using the residual values that were calculated as part
of model two. The residuals, a measure of variability, attributable to the older instrument
were 16.755; this was nearly eight times greater than the residuals attributed to the 1999
model, which were only valued at 2.3304. Although this gives an indication that the
treatments were different, it is not a formal comparison.

A formal comparison was made using the likelihood ratio test. The —2 residual
log likelihood values for preliminary study three were 1190.8 (Model 1) and 1152.5
(Model 2). The chi-squared value was 38.3, which resulted in p-value of 6.0663*10™°.
This indicates a highly significant difference in the variability of the data collected with
the 1993 and 1999 LLIs.

It is tempting to tout this significant difference as a momentous accomplishment.
After all, many of the new instrument’s features were added in an attempt to reduce
variability. However, it is important to temper this enthusiasm by reviewing the
graphical representations of the variability of data (see Figure 36). Four out of the ten

people tested actually had more variable data when they used the newer instrument. The
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large magnitude of significance is at least partially attributable to just one individual,

subject 7, who had much more variable results when using the 1993 LLI.

Primary Study:
Table 3 summarizes the average legibility index for each of the 8 labels, and

provides readers with information about the treatment combinations that make up each

one.
Label Design . Message Drug or vy eqe
4 (Point gize) Compliant? Nssgnsense?g Average Legibility Index
Univers
Ultra
1 Condensed Yes Nonsense 29.1
(9.0)
Univers
6 Ultra Yes Drug 28.8
Condensed
Gill Sans
3 (6.0) Yes Nonsense 27.8
Gill Sans
2 (6.0) Yes Drug 28.1
Lucida Fax
4 (5.5) No Nonsense 26.9
Lucida Fax
7 (5.5) No Drug 26.7
Verdana
8 (5.5) No Nonsense 26.8
Verdana
5 (5.5) No Drug 26.4

TABLE 3- TREATMENT COMBINATIONS FOR EACH LABEL AND AVERAGE
LEGIBILITY INDEX FOR EACH TREATMENT COMBINATION

Figure 37 visually summarizes the average legibility index of each label tested in the
primary study. All four compliant messages required a larger average legibility index
value than the four noncompliant designs; larger values are indicative of text that is more

difficult to read.
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Three out of the four designs, all but the Gill Sans, had a nonsense message that
resulted in a greater average legibility index than the identical design presented as a drug
message. These differences, however, were quite small for all of the four designs tested;
the largest difference, 0.4 degrees of rotation, is attributed to the Verdana design. Its
nonsense message had an average legibility index of 26.8 and its drug message an

average 0f 26.4.
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FIGURE 37- AVERAGE LEGIBILITY INDEX VALUES FOR ALL EIGHT LABELS

Figure 37 p a variety of tr as one average, a grand average, for
each label. Information about the results of subjects with varying visual acuities is

presented in Figure 38. Figure 38 presents the median and data spread of each label
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when subjects with visual acuities of 20/20 viewed them versus the median and data

spread when people with visual acuities of 20/30 viewed them.

Treatment Combinations Across all Designs
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FIGURE 38- BOX PLOTS OF SEVERAL TREATMENT COMBINATIONS
(UUC indicates Univers Ultra Condensed designs, GS indicates Gill Sans designs, LF
indicates Lucida Fax designs and Ver represents Verdana designs; NM indicates
nonsense messages while DM indicates drug messages)

Results were tested for statistical significance (See Table 4) using a mixed model
Analysis of Variance (ANOVA).

Response =+ Subject (Age Group) + Compliance + Design

(Compliance) + Position + Message + Visual Acuity + Age Group +

Compliance*Message + Message*Design (Compliance)
+ Position*Design (Compliance) + Residual
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Subject, an effect that was nested within age group, and residual were considered random

effects. All remaining effects were treated as fixed effects. Design was nested within the

factor compliance due to the fact that designs 1 and 2 (Univers Ultra Condensed in 9.0

points and Gill Sans in 6.0 points) were always compliant, and designs 3 and 4 (Lucida

Fax in 5.5 points and Verdana in 5.5 points) were always non-compliant with regard to

the FDA regulation.
Fixed Effects
Num Den
Deg,::e S De(g)l;ee S F Value Pr>F | Significant?
Freedom | Freedom
Compliant 1 1135 16.17 <0001 YES
Design (Compliant) 2 1135 1.38 2532 No
Position 2 1135 71.80 <.0001 YES
Message 1 1135 0.14 .7053 No
Visual Acuity 1 46 1.34 2359 No
Age Group 2 46 1.59 2154 No
Compliant * Message 1 1135 0.13 7162 No
- - .
Design (Compliant) 2 1135 0.17 8413 No
Message
- - .
Design (Compliant) 6 1135 1.74 1089 No
Position
Random Effects
Cov Parm Estimate S‘g“rgfd Z Value PrZ | Significant?
Subject (Age Group) 454.75 | 95.3254 4.77 <0001 YES
Residual 58.0118 | 2.4352 23.82 <0001 YES

TABLE 4- RESULTS OF THE RESTRICTED FORM OF THE MIXED MODEL
USING SATTHERWAITE’S METHOD (Bolded effects indicate statistical significance
o= 0.01. Italicized Effects are significant at o= 0.05).

After the data had been analyzed (see Table 4), an analysis of the residuals

revealed the normal probability assumption was not supported when the raw responses

were examined. Gill (1978) suggests that failing to meet this assumption is not critical in

many cases. “The ftest of the hypothesis of treatment effects is known to be robust, i.e.,
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the probabilities of errors of Type I and Type II are little effected [sic] by moderate
departures from normality” (Gill, 1978). Although the f-test applied in the analysis
presented here is type III, Gill’s comments with regard to robustness still apply (Cardoso,
2001).

Nonetheless, a second model was used to reanalyze the data (See Table 5). The
second model divided the 50 subjects into two groups based on their residual variability.
Subjects with estimated residuals that fell outside of + 3 ¢ were considered group one
(See Figure 39). Eight subjects produced data that was ten times more variable than the

other forty-two subjects; the forty-two subjects with less variable data were considered

group two.
Residuals Versus Subject
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FIGURE 39- RESIDUALS VERSUS SUBJECT (Subjects were divided into two groups
based on the variability of the data that they produced. Members of the group with
highly variable data can be recognized because a line has been drawn through their

residuals)
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This second model accounted for the differences in the two groups’ residual variability,

without errantly attributing these differences to a factor in the model.

Fixed Effects
Effect Degrees of Degrees of F-Value PR>F
Freedom Freedom
Compliance 1 983 30.07 <0001
Design 2 983 3.05 .0477
(Compliance)
Position 2 983 82.26 <0001
Message 1 983 .85 3562
Visual Acuity 1 454 1.38 2468
Age Group 2 45.6 1.60 2122
Complaince * 1 983 .10 7512
Message
Design
(Compliance)* 2 983 .64 5254
Message
Design
(Compliance)* 6 983 298 0069
Position
Random Effects
Sovariance | ind. Estimate | Standard Error | Z Value PRZ
Subject
(Operator) 450.09 94.8297 4.76 <0001
Residual 245.39 25.6831 9.55 <0001

TABLE 5- RESULTS OF THE SECOND MODEL (Bolded effects indicate significance
at o= 0.01. Italicized Effects are significant at o= 0.05.

The second analysis does not negate the first treatment of the data, but uses a
model that is better suited to the data set. After data was completely analyzed using both

models, comparisons were made between the results to see how closely each estimated
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significance. The models produced the same results with respect to significance with two
exceptions: the factor design (compliant), which was not significant in the first model,
changed to significant at (=0.05 when the second was applied, and the significance level
for the interaction between design (compliance) and position changed from insignificant
to significant at o = 0.01.

Using the second analysis, the factors compliance, design and position are
statistically significant. Compliance and position are significant at x=0.01 and design is
significant at @=0.05. This is informative, but does not give a high level of detail in the
results. (We know that design is a significant factor, but is there a significant difference
between the Gill Sans and the Lucida Fax designs?). To achieve more detail, pair-wise
comparisons of each possible combination of compliance, design (compliance), and
position were tested for significance using a Tukey-Kramer test. Because of the large
number of possible combinations when the interactions of all three factors are considered,

limited results are presented here (see Table 6; for a complete set of results, see Appendix

11).
Compliant | Design | Position | Compliant | Design | Position | p Value | Significant
UucC LF 108

Yes GS All | No Ver All 5.2*10 YES
Yes UUC All Yes GS All 0.0819 No
Yes UUC | Al No LF All | 1.5*10° YES
Yes UuC All No Ver All 5.0*%10" YES
Yes GS All No LF All 0.0870 No
Yes GS All No Ver All 0.01366 YES
No LF All No Ver All 0.9085 No

TABLE 6- TUKEY-KRAMER PAIR WISE COMPARISONS
Tukey-Kramer tests break the results into a series of tests for statistical
significance. Table 6 examines each possible pair of designs using the Tukey-Kramer

method. Each row represents a comparison of treatments; the first design, shaded in
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gray, is tested against a second design, which is not shaded, to determine if the pair are
statistically significantly different from one another.

From Table 6 it is apparent that Univers Ultra Condensed (UUC) is significantly
more difficult to read than all other designs, with the exception of Gill Sans (GS). This
supports the idea that letter compression has a greater impact on legibility than type size
(Watanabe, 1994). The comparison of GS and UUC produced a p-value of 0.0819, which
is not significant at 0=0.05. A comparison of GS and Lucida Fax (LF) designs also
failed to produce statistically different results, p-value = 0.0807. A comparison between
LF and Verdana (Ver) yielded another insignificant p-value (the value was 0.9085).

These results add an important dimension to the findings. One of the main
purposes of the study was to show that noncompliant designs could be created that were
more easily read than designs that complied with the regulation. It is tempting to report
the effect of compliance as significant at =0.01, and the effect of design as significant at
0=0.05 (see Table 5). However, to report only this information would not provide
readers with a thorough examination of the results. Although the results were highly
significant for the entire group of compliant designs versus the noncompliant designs, as
we examine pair wise comparisons, it is evident that the designs are close in their
legibility measurements.

Nonetheless, the research did achieve its objective. Noncompliant labels were
created that were statistically easier to read than labels that complied with the regulation.
The Verdana label was shown to differ from the Gill Sans label with a p-value of
0.01366; the same label differed from the Univers Ultra Condensed label with a p-value

0f 5.0*107. Although the Lucida Fax label did not significantly differ from the Gill Sans
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label (the p-value was only 0.0870), it did differ significantly from the Univers Ultra
Condensed label with a p-value of 1.5%107.

Another goal of this research was to address the issue of message familiarity and
legibility (see Figure 40). It was hypothesized that messages that subjects were familiar
with, the drug message, would require fewer degrees of rotation than messages that
subjects had not viewed before, “nonsense” messages. Three out of the four designs, all
but the Gill Sans, had a nonsense message that had a greater average legibility index
value than the identical design presented as a message typical of a drug label. When the
results were analyzed for significance, they were not found to be significant at ¢=0.05.
The insignificance of the differences in messages is shown graphically in Figure 40.

There are two possibilities with regard to this result. The first is that subjects
rotate, as they are instructed, to the first point that they can easily read the text without
straining their eyes, regardless of whether they are familiar with the message or not. This
is a desirable outcome for the LLI.

The second possibility is that subjects were no more familiar with this common
drug message than the message that was created using random words. This conclusion
would support the idea that, despite potential dangers of OTC misuse, consumers are not
highly involved with OTC products (Reisenwitz and Wimbish, 1997; Sansgiry and Cady,
1995; Robinson and Stewart, 1981); they do not read labels. This is consistent with the
findings of a survey conducted by Dr. Janet Engle, Professor of Pharmacy at the
University of Illinois, Chicago. At a news conference in December 1998 she indicated,
“47% failed to always read the product label before starting a pain medication, and one-

third were unaware that over-the-counter (OTC) drugs carry risk” (Norton, 1999). Given
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the significant ramifications of improper OTC use, and the difficulty in changing

consumer/product involvement, this second possibility is a frightening, but real, risk.

Box Plots- Message and Design
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FIGURE 40- BOX PLOTS OF THE FACTORS MESSAGE AND DESIGN
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Conclusions

This research proposed two testable hypotheses: (1) A non-compliant label can be
created with equal (or greater) legibility than one that complies with the FDA regulation,
a regulation that is intended to ensure legibility and (2) Drug labels, which contain
messages that subjects are familiar with, will require fewer degrees of rotation than non-
sense labels, which subjects have not seen before. Both of these hypotheses were tested
using data obtained by the LLI, an instrument that provides an objective measure of
legibility. The higher the degree of rotation, termed the legibility index, the more
difficult a message is to read.

Although the statistical analysis (see Table 5) reveals that the compliant label
designs are more difficult to read than the noncompliant designs at a level of =0.01, the
difference in means is not practically significant. The largest difference in treatment
means occurs when the designs created using Univers Ultra Condensed are compared
with designs that utilize the Verdana typeface. The difference in the means of these two
designs is 2.5707 degrees of rotation when the nonsense labels are compared and 2.338
degrees when the labels containing drug messages are compared.

From a practical standpoint, any comparisons made between Univers Ultra
Condensed designs and the noncompliant label designs represent an exaggeration of
results. It is an exaggeration because it is unrealistic to assume that drug manufacturers
would choose to use Univers Ultra Condensed. Although we have termed it as compliant
with regard to the March 17, 1999 regulation, it could be argued that it is not. Even

though the agency does not specify typeface, they do indicate that the typeface should be

89



any “single, clear, easy-to-read, typestyle” (Food and Drug Administration, 1999). It
could be argued that Univers Ultra Condensed is not clear or easy-to-read. This is part
of the difficulty with the new regulation; it is prescriptive, but asks designers to make
judgments with regard to the legibility of a typeface.

A comparison between the means of the Gill Sans and Verdana designs provides a
more realistic comparison of compliant versus noncompliant labeling. Gill sans is a sans
serif font, and sans serif fonts are strongly encouraged by the regulation. Gill Sans is
clear and easy-to-read. Although these designs have been shown to be statistically
different (see Table 6), the difference in the mean reading for each of the two designs
(see Table 3) is very small (1.0 degree of difference for the nonsense messages, and 1.7
degrees for the drug messages).

Although the practicality of this difference can be debated, the results do
accomplish the goal of the research; noncompliant labels were created that were at least
as legible as labels that complied with FDA'’s regulation. The results also demonstrate
the LLI’s ability to detect small differences in legibility and show the complexity of the
interrelated variables that determine how easy, or difficult, a message is to read.

Dictating these variables one by one is not the best approach to ensure the
legibility of OTC labels, but it is the approach taken by FDA in their 1999 regulation.
Research presented here challenges the regulation and this approach; different design
variables were carefully examined and manipulated in an attempt to create compliant
labels that would be difficult to read and noncompliant labels that would be easily read.
Although the objective was successfully accomplished, noncompliant designs were

statistically easier to read than their compliant counterparts, the differences were very
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small (see Table 3 and Figure 37). The creation of noncompliant labels that were more
legible than labels that complied with FDA’s regulation proved a formidable task; FDA
did a good job at specifying the variables of design that aid readers.

FDA did, however, fail to dictate several variables that were not studied here, that
undoubtedly impact legibility. In the FDA regulation there is no indication of quality
requirements for materials or production methods; the sole focus of the regulation is
design and format. Just as the elements of letter and layout have a multitude of factors
that impact legibility, so do the materials and production techniques used to create labels
and packages.

A performance standard for legibility, utilizing a measurement tool like the LLI,
not only accounts for the production issues, but takes into account the various elements of
both letter design and layout, while measuring what is important, the consumer’s ability
to read the label. The performance standard approach allows designers flexibility in
design, provides manufacturers with defensible proof of message accessibility, gives
consumers designs that have been tested to be legible and gets FDA out of the business of
“micro managing” label design. A performance standard for legibility would better serve
industry, regulators and, most importantly, the consumers of OTC drugs.

Suggestions for Future Research

1. Rousseau’s model (notice, encode, comprehend and comply) illustrates that there are
more aspects to effective label design than legibility. For labels to be effective
consumers must (1) notice them (2) encode them (3) comprehend them and, finally (4)
comply with them. Study into the other three aspects of Rousseau’s model and ways

(like the LLI) to quantify a label’s success or failure at each of the steps is needed. It is
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anticipated that this team will be investigating consumers’ capacity to notice label
elements using eye-tracking technology.

2. Another issue that is in need of study is the involvement of elderly consumers with
OTC products. “Product involvement refers to consumers’ knowledge about the personal
relevance of the products in their lives” (Peter and Olson, 1999). This personal, or self,
relevance can be either intrinsic or situational and can vary in intensity. Consumers who
are more involved with a product will devote more of their resources to it. These
resources are not necessarily monetary, but may take the form of time and effort.
Involved consumers are more likely to seek information (from the label and from other
sources), use complex rules when evaluating alternatives, and devote focal attention and
controlled comprehension to the product (Rifon, 2000).

Involvement is very important when we examine consumer behavior relating to
the proper use of OTC drug labels. Research is split on whether elderly consumers have
a high level of involvement when purchasing OTC drugs (Sansgiry and Cady, 1996; Gore
et. al, 1994) or a low level of involvement (Reisenwitz and Wimbish, 1997; Sansgiry and
Cady, 1995; Strutton and Tanner, 1994; Robinson and Stewart, 1981) Further research
into the involvement level that elderly consumers have with OTC drugs is needed.

3. FDA'’s failure to address production-related issues and their impact on legibility was
mentioned several times in this work. The labels produced for this study were created
using a laser printer; although production issues were discussed, it was not a focus of this
work. Research into various aspects of printing (materials and production) and their

effect on legibility is needed. Of particular interest is the surface reflectance of
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packaging materials and the impact that this has on the elderly population’s ability to read
labels.
4. It was suggested in this document that x-height is a better indicator of a typeface’s
legibility than type size. A study to explore this hypothesis is advised. It was also
suggested that previous studies may have errantly attributed increased legibility to
incorrect elements of design. Bix (1998), for example, suggested that sans serif fonts
were more easily read than serif fonts; this may have been an incorrect conclusion based
on the fact that the typefaces being compared had unequal x-heights. Explorations in x-
height, as it relates to legibility, using the LLI are advised.
5. A sampling of OTC labels on the market and elderly consumers is advised. Can
elderly consumers effectively decipher the 6 point type size unaided?
6. Work to further the use of this instrument as part of a performance standard for
legibility is advised. The first step is to define what “legible” is, in terms of degrees of
rotation. This definition should be created with a particular concern for the elderly, who
are at particular risk for drug mismanagement for a variety of reasons.
7. “Interactive warnings” are a relatively new type of design that is meant to take
advantage of environmental cues, increasing label effectiveness.
“This format (interactive warnings) requires the product user to
physically manipulate the warning when using the product, and
researchers have found that these types of warnings increase the
likelihood of the user noticing and complying with the
information... the interactive labels serve as an event-based cue to
recall the appropriate safety procedures” (Rousseau et al., 1998).
The application of interactive warnings to packaging applications is a ripe area for

future research.
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Appendix 1-Summary Table of FDA’s Activity Regarding Labels
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How to use these tables:
Table 7 presents a general summary of the regulatory activity occurring at FDA regarding
OTC labels. Table 8 presents a summary of the headings and subheadings required under

section “c” of the final rule, “Over-the-Counter Human Drugs; Labeling Requirements.”
Table 9 summarizes label-formatting requirements set forth in section “d” of the

regulation.

Table 7-FDA OTC Legibility Publications

Date-Action-Title

Summary

February 27, 1997-
Proposed Rule

The rule attempted to improve the legibility and ease of use
of OTC labels by requiring: a specific font (Helvetica), a
minimum font size, standardized headings and
subheadings, bullet points, pictograms, specified words
and an exact format for all required information

March-December 1997-
Study A, “Evaluation of
Proposed Over-the-
Counter Label Format
Comprehension Study,”
is conducted

Examined the influence of variation formats on the
communication of directions for use and required warnings
(March 17, 1999 Federal Register). 1,202 consumers were
randomly surveyed at malls in 8 states. Consumers were
directed to “view examples of OTC label designs.
Respondents were asked questions designed to measure
knowledge and attitudes about OTC drug products, as well
as decisions about proper use of the products” (FDA. Study
A Table of Contents). Before consumers were
interviewed, information regarding site location, past
participation, subject age, corrective eyewear and gender
was recorded. Subjects who had previously participated in
the study, were younger than 18 or did not have eyewear
that they normally required for reading were dismissed.
Interviewers did not measure or record subjects’ visual
acuity.

March-December 1997-
Study B, “Over-the-
Counter Label Format
Preference,” is conducted

Examined “examples and variations of current OTC label
designs. Respondents were asked to indicate their
preference for various designs. Also, consumers were
asked to evaluate labeling terminology and graphics to
investigate how they interpret various ways of
communicating drug safety and effectiveness” (FDA.
Study B Table of Contents).

December 30, 1997

Comment period on Study B is announced. It closes

February 13, 1998

February 13, 1998

Comment period on Study A is announced. It closes March
30, 1998.

95




Table 7- Continued

March 17, 1999- Final Rule establishes a “standardized format and standardized
Rule- “Over-the-Counter | content requirements for the labeling of OTC drug
Human Drugs; Labeling | products. This final rule is intended to assist consumers in
Requirements” reading and understanding OTC drug product labeling so
that consumers may use these products safely and
effectively. This final rule will require all OTC drug
products to carry the new, easy-to read format and the
revised content requirements within prescribed
implementation periods.
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Table 8-Content Requirements for OTC Labels (Section 201.66 (c))

March 17, 1999- Final
Rule- “Over-the-Counter
Human Drugs; Labeling
Requirements”

Rule establishes a “standardized format and standardized
content requirements for the labeling of OTC drug
products. This final rule is intended to assist consumers in
reading and understanding OTC drug product labeling so
that consumers may use these products safely and
effectively. This final rule will require all OTC drug
products to carry the new, easy-to read format and the
revised content requirements within prescribed
implementation periods” (FDA, 1999).

Section

Summary

201.66¢ 1 Heading

“Drug Facts” is required

201.66¢ 2 Heading

“Active Ingredients”- established name and quantity of
each active ingredient/dosage unit follow this heading

201.66¢ 3 Heading

“Purpose” or * ses” - general pharmacological
category(ies) of drug or of each active ingredient follow
this heading

201.66¢ 4 Heading

“Use” or “Uses”- the indications for use of a product
follow this heading

201.66¢ 5 Heading

“Warning” or “Warnings” subheadings (where applicable)
are specified in sections 201.66(c)5i-201.66(c)5x

201.66¢ 51 Subheading

“For external use only”, “For rectal use only”, “For vaginal

use only”, “Allergy alert”

201.66¢ Sii Subheading “Do not”

201.66¢ Siv Subheading “Ask a doctor before use if you have” followed by pre-
existing conditions

201.66¢ 5v Subheading

“Ask a doctor or pharmacist before use if you are”
followed by cautions about potential drug/food interactions

201.66¢ Svi Subheading

“When using this product” followed by side effects
consumers may experience substances/activities to avoid

201.66¢ Svii Subheading

“Stop use and ask a doctor if” followed by signs of toxicity
and other serious reactions

201.66¢ Sviii Subheading

This section directs the placement of other warnings not
covered previously

201.66¢ 5x Subheading

Reference to Poison Control Centers

201.66¢ 6 Heading

“Directions” followed by applicable directions for use

201.66¢ 7 Heading

“Other Information” followed by information that doesn’t
fall within any of the other categories in 201.66(c) but is
required or made optional under other OTC drug regulation
or an approved drug application

201.66¢ 8 Heading

“Inactive ingredients” followed by ingredients listed in
alphabetical order
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Table 8- Continued

201.66¢ 9 Heading

“Questions?” or “Questions or Comments?” followed by
telephone number printed in a minimum of 6-point bold
font. It is also recommended that the days of the week and
times when someone is available to respond to questions
be included.

Table 9- Format Requirements: Section 201.66d (for Presenting the Title,
Headings, Subheadings and Information Set Forth in 201.66(c)1 through

201.66(c)9)

201.66d 1 Capitalization
Justification of Headings
and Subheadings

The first level of each word in the title in 201.66¢1 must
appear in upper case. Only the 1% letter of the 1% word of
each heading and subheading of c2-c9 appear in upper
case. Title headings and subheading set forth in c1-c2 and
c4-c9 must be left justified

201.66d 2 Type Size
(Title, Headings,
Subheadings and Text)

“Drug Facts” must appear in a type size greater than the
largest type size used within the “Drug Facts” area. This
title must be no smaller than 8-points. Headings in
paragraphs c2-c9 must be at least 2-point sizes larger than
the text (8 point or greater type). The subheadings and all
information described in 201.66c2-c9 must appear in at
least 6-point type. Format exceptions for small packages
require text no smaller than 6 points. “The agency chose to
require a minimum type size of 6-point and type styles
which ensure letter compression of no more than 39
characters per inch”.

201.66d 3 Font, Leading,
Kearning, Contrast and
Highlighting

Any “single, clear, easy-to-read type style” is allowed.
The agency believes that san serif type styles are the most
likely to be considered clear and easy to read. They note
that Helvetica and Univers have consistent and uniform
stroke weight characteristics and are commonly available.
The title “Drug Facts” must appear in bold italic print. At
least .5 point leading is needed to ensure readability. The
type must be all black or one dark color, printed on white
or other light, neutral color, contrasting background.

201.66d 4 Bullet Point
Style and Format to
Introduce and Highlight
Informative Statements

Solid square or circles of 5-point type size must be
presented as the same shape and color throughout the
labeling. Bullets and bulleted statements under each
heading subheading must be vertically aligned to ensure
visual separation and adequate white space between
discrete information chunks. Two bulleted statements are
allowed on a single line, however each statement must be
separated by at least 2 square “m”s.
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Table 9 Continued

201.66d 5 Multiple Provides that headings, subheadings and information
Panels required under 201.66c including the warnings section,
may appear on more than one panel. Appropriate visual
cues must be provided so that the flow of information is
retained. The arrow, directing the consumer to the
continuation of information on the next panel. The
continuation of the required content and format onto
multiple panels must retain the required order and flow of
headings, subheadings and information. The UPC symbol
may appear on the same panel as some of the information,
but must be outside the box or enclosed.

201.66d 6 Active Listing of the active ingredients. The established name,

Ingredients the quantity or proportion and the “purpose” of each active
ingredient is listed.

201.66d 7 Graphical Graphical images (such as UPCs) and any information not

Images set forth in section 201.66¢ must not interrupt the required

information panel or panels. The UPC symbol may appear
on the same panel as the required information but must not
be outside the box or enclosure

201.66d 8 Placement and | Lines partition the information set forth in 201.66c1-c9. A
Style of Lines bar line must be used to form a box or similar enclosure to
separate the sections (sections begin with a heading).
Hairlines separate subsections (subsections begin with a
sub heading). Hairlines must extend to within two spaces
on either side of the “Drug Facts” box while bar lines
extend to each end of the “Drug Facts” box.

201.66d 9 Directions Requires that dosage directions, when provided for 3 or
more age groups or populations must be presented in a
table format. A text format may be used when there are
less than 3 dosage directions.
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Table 9- Continued

201.66d 10 Small
Package Format

Products are considered small when 60% or more of the
total surface area available to bear labeling on the entire
outside container or wrapper, or immediate container or
wrapper would be needed to present FDA required
labeling. For products that are sold with an outer package,
the FDA is encouraging, but not requiring, the use of the
modified small package format on the immediate
container. Font size for body text does not change (6
points /no more than 39 characters/inch). Headings must be
minimum 7 points. Leading may be less than 0.5 points.
(It can be adjusted so that the ascenders and descenders of
the letters do not touch). Bulleted statements may continue
to the next line and need not be vertically aligned. The box
required in 201.66d8 may be omitted if the headings,
subheadings and information in 201.66c1-c9 are set off
from the label by color contrast
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Appendix 2- A Variety of Typefaces in the Same Type Size
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Champion
Champion
Champion
Champion
Champion
Champion
Champion

Champion
Champion
Champion

Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
CHAMPION

(Abadi MT Condensed 20 points)
(Agency FB 20 paints)

(Arial 20 points)

(Arial Alternative)
(Arial Black 20 points)

(Arial Narrow 20 points)
(Arial Rounded MT B 20 pts)

(Arial Unicode MS 20 points)

(Baskerville Old Face 20 points)
(Batang 20 points

(Bavhaus 20 points)
(Bell MT 20 Points)

(Berlin Sans FB 20 Points)
(Bernard MT Condensed 20 points)
(Book Antiqua 20 points)
(Bookman Old Style 20 pts)
(Britannic Bold 20 points)
(Californian FB 20 points)
(Calisto MT 20 points)

(Centaur 20 points)

(Century 20 points)

(Century School Book 20 pts)

(Comic Sans MS 20 points)

(Cooper Black 20 points)
(COPPERPLATE GOTHIC BD)
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CHAMPION
Champion
Champion

(COPPERPLATE GOTHIC LT)
(Courier New 20 points)

(Elephant 20 points)

CHAMPION (ENGRAVERS MT 20)

Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
(hempion
Champion
Champion

Champion

Champion

(Eras Bold ITC)

(Eras Medium ITC 20 points)
(Eras Demi ITC 20 points)

(Eras Light ITC 20 points|
(Franklin Gothic Book 20 points)
(Franklin Gothic Deml 20 points)
(Franklin Gothic Demi Condensded)
(Franklin Gothic Heavy 20 pts)
(Franklin Gothic Medium 20 pts)
(Franklin Gothic Medium Condensed)
(Garamound 20 points)

(Georgia 20 points)

(Gill Sans MT 20 points)

(Gill Sans Condensed 20 points)

(Gl Sans AT Ext (ondensed 20 points)
(Gill Sans VUlitra Bold)

(Gill Sans Vitra Bold Condensed)

(Glouster MT Extra Condensed 20 points)
(Goudy Old Style 20 points)

CHAMPION (GOUDY ST)

Champion
Champion
Champion

(Nasttenscinwelier 28 paint)
(Helvetica 20 points)
(Helvetica Narrow 20 points)
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Champion
Champion
Champion
Champion
Champion
Champion
Champion
CHAMPION
Champion
Champion
Champion
Champion
Champion

Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
(hampion

C"!a mp jon

(Helvetica Black 20 pts)
(Helvetica Condensed 20 points)
(Helvetica Condensed black 20 pt)
(Helvetica Condensed Light 20 pts)
(Helvetica Light 20 points)
(High Tower 20 points)

(impact 20 points)

(LITHOS REGULAR 20 PTY)

(Lucida Bright 20 points)
(Lucida Console 20 pts)

(Lucida Fax 20 points)
(Lucida Sans 20 points)
(Lucida Sans Typ wrt)

(Lucida Sans Unicode 20 pt)
(Minion Condensed 20 points)
(Modern # 20 20 points)

(MS Mincho 20 points)

(Myriad Roman 20 points)

(Myriad Tilt 20 points)

(News Gothic MT 20 points)
(Niagra Solid 20 points)

gNueva Bold Extended 20 p

Nueva Roman 20 points)
(OCR A Extended 20 pts)

(Omyx 20 points)
(Fapyrus 20 Points)
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Champion

CHAMPION

Champion
Champion
Champion
Champion
Champion

Champion

Champion
Champion
Champion
CHAMPION
Champion
Champion
CHAMPION
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion
Champion

(Perpetua 20 points)

(PERPETUA TILTING MT 20)
(Playhill 20 points)

(PmingL1U 20 points)

(Poor Richard 20 points)
(Rockwell 20 points)

(Rockwell Condensed 20 points)

(Rockwell Extra Bold 20
(Sanvito Light 20 points)
(Sanvito Roman 20 points)

(Script MT Beld 20 peints )

(SHOWCARD GOTHIC 20 PTS)

(SimSun 20 points)

(Snap ITEC 20 Points)

(STENCIL 20 POINTS)

(Tahoma 20 points)

(Tekto MM 20 points)

(Tekto MM_100 LT250 cn 20 points)

(TektoMM_100LT 564 No 20 points)

(TektoMM_100 LT 20 EX 20

(Tekto MM_240RG 250 CN 20 points)

(Tekto MM_240 RG 564 NO 20 pts

(Tekto MM_240 RG 650 EX)

(Tekto MM_503 BD 250 CN 20 points)

(Tekto MM_503 BD 488 NO 20pt

(Tekto MM_503 BD 850
EX 20 points)
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Champion (Tempus Sans ITC 20 Points)

Champion (Times New Roman 20 points)
Champion (Trebuchet MS 20 points)
Champion (Tw Cen MT 20 points)

Champion (Tw Cen MT Condensed 20 points)

Champion (Tw Cen MT Condensed Extra Bold 20)

Champion (Utopia 20 points)
Champion (Verdana 20 points)
Champion (Verdana Ref 20 points)
Champion Viva Bold

Extra Ext)
Champion  (Viva Regular 20 points)

G hampion (Vinaldi 20 points)
hompian fCbadimir Sergot 20 Zainty/
Champion (Llestminster & points)

Champion (Wide LatinZ20
min (Vlaw 20 )
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Appendix 3- Legibility and Color Contrast
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The following represents the analysis of an ongoing study directed by Dr. Hugh

Lockhart. The experiment investigates the effect of varying color contrast combinations

on legibility. The experimental design, data collection and a preliminary analysis of the

results of this study were conducted in 1996. A more thorough treatment of the 1996

data is presented here.

36 cards (6 messages x 6 color combinations, or contrasts) were created in order

to examine how different contrast combinations affect the legibility of messages. 6

messages (see Table 10) were centered on cards approximately 3” x 5” cards; text was

justified.
Table 10- Legibility Messages Used in the Color Contrast Study

Message 1 It may help most of them to work today. She works in this club
after midnight. The order to go will be done after two.

Message 2 She works in this club after midnight. The order to go will be
done after two. There will be some sugar in the kitchen.

Message 3 The order to go will be done after two. There will be some sugar
in the kitchen. Here is a copy of lunch hours for today.

Message 4 There will be some sugar in the kitchen. Here is a copy of lunch
hours for today. From here to there flowers can not grow.

Message 5 Here is a copy of lunch hours for today. From here to there
flowers can not grow. It may help most of them to work today.

Message 6 From here to there flowers can not grow. It may help most of

them to work today. She works in this club after midnight.

Each message was printed in 6 color combinations (see Table 11) for a total of 36

treatments (see Table 11).
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Table 11- Contrast Treatments

Color 1 Blue text/white background
Color 2 Yellow text/red background
Color 3 Blue text/yellow background
Color 4 White text/blue background
Color 5 Black text/red background
Color 6 Black text/white background

Table 12- Treatment Combinations for the Color Contrast Study

Card # Color # Message # Card # Color # Message #
1 171 19 4/1
2 12 20 4/2
3 173 21 4/3
4 1/4 22 4/4
5 1/5 23 4/5
6 1/6 24 4/6
7 2/1 25 5/1
8 2/2 26 512
9 2/3 27 5/3
10 2/4 28 5/4
11 2/5 29 5/5
12 2/6 30 5/6
13 3n 31 6/1
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Table 12- Treatment Combinations for the Color Contrast Study (Continued)

14 312 32 6/2
15 3/3 33 6/3
16 3/4 34 6/4
17 3/5 35 6/5
18 3/6 36 6/6

Near point visual acuity was tested using a Dow Corning Opthalmics Near Point
Visual Acuity Card. These values were recorded. Subjects that had visual acuities of
20/20 were coded as “1”, subjects with measured values of 20/30 “2”, 20/40 “3” and so
on. Subjects were also tested for color blindness; results were recorded as “normal” or
“red/green color blind”. Other information that subjects provided included age group,
gender, eye wear and highest level of education completed. Eye wear was coded as 1
through 4 for the purpose of statistical analysis. Eye wear of 1 indicated that subjects did
not wear use any kind of correction, 2 indicated that they wore glasses with a single lens,
3 indicated bifocals and 4 trifocals.

Researchers asked 6 age groups (19-28, 29-38, 3948, 51-60, 61-70, and 71 and
older) to read 12 cards (a third of the total treatments) using the polariscope. Subjects
were first asked to rotate the polariscope’s filter until the first point that they could read
the message. Researchers recorded this number. Subjects were then asked to continue
rotating until “the first point that they could easily read the words on the card without
straining their eyes”. Researchers also recorded this number. The results from the second
data set, where subjects rotated the filter until the first point that they could read the cards

without straining their eyes, are presented here.
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Although only 6 age groups were tested, data presented here shows a total of 8
groups. The reason for this is two-fold. The first age group (age 19-28) contained three
times as many subjects as any other age group; a total of 45 people were tested that were
19-28, while only 15 were tested in the other five age groups. As a result of the large
number of subjects age 19-28, 3 different operators were used to collect this group’s data;
it was determined that data collected by each operator would be reported as a separate
group so that the effect of operator could be examined. As a result, data reported as
groups 1-3 represent readings from people age 19-28 collected by three different
operators; data reported as group four represent readings made by people age 29-38, data
reported as group five represent readings made by people age 39-48, data reported as
group six represent readings made by people age 51-60, data reported as group seven
represent readings made by people age 61-70 and data reported as group eight represent
readings made by people age 71 and older.

An analysis was conducted on groups 1-3 (all age 19-28) using the restricted form
of the mixed model. Operator, visual acuity, eye wear, gender and color were tested as
fixed effects while message, subject (nested within operator), and the interaction of
subject (nested within operator) and color were treated as random effects. Using SAS 8.1

the following results were obtained (see Table 13).
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Table 13- Color Contrast Results: Examining Groups 1-3 for an Effect of Operator

Fixed Effects
Effect Degrees of Degrees of F-Value PR>F
Freedom Freedom
Operator 2 38 2.25 .1189
Visual Acuity 2 38 5.38 0088
Eye Wear 1 38 54 4649
Gender 1 38 .26 .6155
Color 5 220 81.53 <0001
Random Effects
Covariance Stnd. Estimate Z Error Value PRZ
Parameters
Message 1.19 E-18
Subject 8.1749 1.9729 4.14 <0001
(Operator)
Residual 2.9065 2502 11.62 <0001

Bolded effects indicate a high level of statistical significance (o= .01).

Once it was determined that the effect of operator was not significant, the entire
data set was analyzed for an effect of Age Group. Data from all three of the groups was
used in the second analysis. Leaving in the first three groups gives a conservative
estimate of the effect of age. Researchers first attempted to use the following model
Response = Age Group + Visual Acuity + Eye Wear + Gender + Color+
Age Group*Color + Subject (Nested within Age Group) + Color*Subject (Nested within
Age Group) + Message*Subject (Nested within Age Group) + Color*Message*Subject
(Nested within Age Group) + Color*Message + Age*Message + Age
Group*Color*Message + Residual

Age group, visual acuity, eyewear, gender, color and age*color were treated as

fixed effects while subject (nested within age group), color*subject (nested within age
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group), message*subject (nested within age group), color* message*subject (nested

within age group), color*message, age group*message and age group*color*message and

residual were all treated as random effects. Due to the large number of interaction terms

and random effects, the computer did only a partial analysis of the model. The results

that were completed follow (see Table 14)

Table 14: Partial Analysis of the Complete Data Set

Random Effects
Covariance Estimate Error Value PRZ
Parameters
Message .09980 .1200 .83 2029
Subject (Age) 66.3943 9.3353 7.11 <0001
Subject (Age) 1.1621 5.730 2.03 .0213
* Color
Subject (Age) 0
* Message
Subject (Age) 1017
* Color * 6.91*10
Message
Color .08067 1340 .60 2735
* Message
Age Group .07609 1472 52 3026
* Message
Age Group
* Color * 2877 .3685 .78 2175
Message
Residual 12.2947 .7481 16.43 <0001

Bolded effects are highly significant (q=.01). Effects that appear in italicized typeface

are moderately significant (r=.05).

In the third analysis a simplified model was used so that a complete analysis could

be obtained (see Table 15). The simplified model used was:
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Response = Age Group + Visual Acuity + Eye Wear + Gender + Color+
Age Group*Color + Message + Subject (Nested within Age Group) + Subject (Nested
within Age group)*Color + Residual

Table 15: Analysis of the Complete Data Set (Simplified Model)

Fixed Effects
Effect Degrees of Degrees of F Value Pr>F
Freedom Freedom
Age Group 7 105 5.70 <0001
Visual Acuity 3 105 21.13 <0001
Eye Wear 3 105 1.17 3236
Gender 1 105 .01 9274
Color 5 561 177.28 <0001
Age Group 35 559 6.57 <0001
* Color
Random Effects
Covariance Estimate Error Value PrZ
Parameters
Message .1286 .1166 1.10 .1351
Subject (Age) 66.520 9.3501 7.11 <0001
Subject (Age) .9647 9355 1.74 .0412
* Color
Residual 12.813 6764 18.94 <0001

Effects that appear in bolded type are highly significant (o=.01) while those that appear
in italicized type are moderately significant (o=.05). The effect of both color and age can
be examined visually when the data is broken into bar graphs (see Figure 41 for the
Effect of Age and Figure 42 for the Effect of Color). Every age group found black type
on white paper the easiest to read, and all but the two oldest groups (group 7, age 61-70,
and group 8, age 71 and older) found black type on a red background to be the most
difficult combination to read. The two oldest groups found yellow text on a red
background the most difficult to read, possibly because of the physiological changes
discussed earlier in this document combined with poor contrast provided by this

combination.
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Figure 41- Average Legiblity Index by Age | ®Black
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FIGURE 41- AVERAGE LEGIBILITY INDEX BY AGE GROUP (COLOR

CONTRAST STUDY)
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FIGURE 42- AVERAGE LEGIBILITY INDEX BY COLOR TREATMENT
The statistical implications of the Age/Color interactions were examined by
performing Tukey-Kramer test, and an analysis was performed on all possible pairs of

age*color to see which pairs had significant differences. Pair-wise comparison of each
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possible combination of age and color were tested for significance using a Tukey-Kramer

test. Results of the pair-wise comparisons within each age group are reported below (see

Table 16).

Using the first pair wise comparison to illustrate what this means, when the results

of color 1 (blue text on white background) and color 4 (white text on blue background)

(both observed by 19-28 year olds in group 1) are compared an adjusted p of 1.00 is

obtained. This indicates that there is no statistical difference between these two color

samples for this group.
Table 16: Tukey-Kramer Pair Wise Comparisons (of contrast) within Age Group For
Significance
Age Group | Color Combination | Color Combination Ad{,‘fltue: P Sﬁﬁ‘:ﬂ;
Blue Text/ Yellow Text/
19-28 (1) White Red Background 9983 No
Background(1) 2)
Blue Text/ Blue Text/
19-28 (1) White Yellow 1.00 No
Background(1) Background (3)
Blue Text/ White Text/
19-28 (1) White Blue 1.00 No
Background(1) Background(4)
Blue Text/ Black Text/
19-28 (1) White Red Background .5027 No
Background(1) )
Blue Text/ Black Text/ 9616
19-28 (1) White White Background ) No
Background(1) (6)
Yellow Text/ Blue Text/
19-28 (1) Red Background Yellow .1508 No
(2) Background (3)
Yellow Text/ White Text/
19-28 (1) Red Background Blue Background 3675 No
@ @
Yellow Text/ Black Text/
19-28 (1) Red Background Red Background 1.00 No
(2 &)
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Table 16- Continued

.. . Adjusted P Significant
Age Group | Color Combination | Color Combination Value Difference?
Yellow Text/ Black Text/
19-28 (1) Red Background White 0100 YES
(2) Background (6)
Blue Text/ White Text/
19-28 (1) | Yellow Background | Blue Background 1.00 No
A3) )
Blue Text/ Black Text/
19-28 (1) Yellow Red Background 0024 YES
Background (3) o)
Blue Text/ Black Text/
19-28 (1) | Yellow Background | White Background 1.00 No
A3) (6)
White Text/ Black Text/
19-28 (1) | Blue Background | Red Background 0112 YES
“) )
White Text/ Black Text/
19-28 (1) Blue Background | White Background 1.00 No
4) (6)
Black Text/ Black Text/
19-28 (1) Red Background White <0001 YES
()] Background (6)
Blue Text/ Yellow Text/
19-28 (2) White Red Background 9185 No
Background(1) (2)
Blue Text/ Blue Text/
19-28 (2) White Yellow 1.00 No
Background(1) Background (3)
Blue Text/ White Text/
19-28(2) White Blue Background 1.00 No
Background(1) 4)
Blue Text/ Black Text/
19-28 (2) White Red Background 3745 No
Background(1) (5)
Blue Text/ Black Text/
19-28 (2) White White Background 1.000 No
Background(1) (6)
Yellow Text/ Blue Text/
19-28 (2) Red Background Yellow .0949 No
) Background (3)
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Table 16- Continued

. .. Adjusted P Significant
Age Group | Color Combination | Color Combination Value Difference?
Yellow Text/ White Text/
19-28 (2) Red Background Blue Background 3500 No
() (4)
Yellow Text/ Black Text/
19-28 (2) Red Background Red Background 1.000 No
) (%)
Yellow Text/ Black Text/
19-28 (2) Red Background | White Background .1023 No
(2) (6)
Blue Text/ White Text/
19-28 (2) | Yellow Background | Blue Background 1.00 No
3) 4)
Blue Text/ Black Text/
19-28 (2) Yellow Red Background 0061 YES
Background (3) (5)
Blue Text/ Black Text/
19-28 (2) | Yellow Background | White Background 1.00 No
A3) (6)
White Text/ Black Text/
19-28 (2) Blue Background Red Background .0413 Moderate
(4) o)
White Text/ Black Text/
19-28 (2) Blue Background | White Background 1.00 No
“4) (6)
Black Text/ Black Text/
19-28 (2) Red Background White 0067 YES
(5) Background (6)
Blue Text/ Yellow Text/
19-28 (3) White Red Background .7445 No
Background(1) (2)
Blue Text/ Blue Text/
19-28 (3) White Yellow 1.00 No
Background(1) Background (3)
Blue Text/ White Text/
19-28 (3) White Blue Background 1.00 No
Background(1) 4)
Blue Text/ Black Text/
19-28 (3) White Red Background .1082 No
Background(1) (5)
Blue Text/ Black Text/
19-28 (3) White White Background 9994 No
Background(1) (6)
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Table 16- Continued

. L. .. Adjusted P Significant
Age Group | Color Combination | Color Combination Value Difference?
Yellow Text/ Blue Text/
19-28 (3 Red Background (2) | Yellow Background 0274 Moderate
3)
Yellow Text/ White Text/
19-28 (3) Red Background Blue Background 0697 No
(#)) “4)
Yellow Text/ Black Text/
19-28 (3) Red Background Red Background 1.00 No
2 ©)
Yellow Text/ Black Text/
19-28 (3) Red Background White .0023 YES
- (2) Background (6)
Blue Text/ White Text/
19-28 (3) | Yellow Background | Blue Background 1.00 No
3 C))
Blue Text/ Black Text/
19-28 (3) Yellow Red Background 0005 YES
Background (3) (5
Blue Text/ Black Text/
19-28 (3) | Yellow Background | White Background 1.00 No
3 ©)
White Text/ Black Text/
19-28 (3) Blue Background | Red Background 0017 YES
@ (&)
White Text/ Black Text/
19-28 (3) Blue Background | White Background 1.00 No
@ (6)
Black Text/ Black Text/
19-28 (3) Red Background White <0001 YES
(5 Background (6)
Blue Text/ Yellow Text/
29-38 (4) White Red Background 1.00 No
Background(1) 2
Blue Text/ Blue Text/
29-38 (4) White Yellow 9763 No
Background(1) Background (3)
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Table 16- Continued

Age Group | Color Combination | Color Combination Ad{ﬁ:}t;l P Sgﬂlﬁeﬁzﬁ,
Blue Text/ White Text/
29-38 (4) White Blue Background 1.00 No
Background(1) 4)
Blue Text/ Black Text/
29-38 (4) White Red Background 9828 No
Background(1) &)
Blue Text/ Black Text/
White White Background 9145
29-38 (4) Background(1) 6) No
Blue Text/
2938(4) | o d’;"’,’c‘;‘g‘:‘% 2| Yellow B(c;jkground 1512 No
Yellow Text/ White Text/
29-38 (4) Red Background Blue Background .5846 No
(@) )
Yellow Text/ Black Text/
29-38 (4) Red Background Red Background 1.00 No
(@) (5)
Yellow Text/ Black Text/
29-38 (4) Red Background White 0757 No
(2) Background (6)
Blue Text/ White Text/
29-38 (4) | Yellow Background | Blue Background 1.00 No
(&) “)
Blue Text/ Black Text/
29-38 (4) Yellow Red Background 0045 YES
Background (3) S
Blue Text/ Black Text/
29-38 (4) | Yellow Background | White Background 1.00 No
A3) (6)
White Text/ Black Text/
29-38 (4) Blue Background Red Background 0514 Moderate
() &)
White Text/ Black Text/
29-38 (4) Blue Background | White Background 1.00 No
Bla f:')l‘ t/ Bla §(6)T t/
ck Tex ck Tex
29-33(4) | Red Background White 0017 YES
(5) Background (6)
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Table 16- Continued

.. ... Adjusted P Significant
Age Group | Color Combination | Color Combination Value Difference?
Blue Text/ Yellow Text/
39-48 (5) White Red Background 1.00 No
Background(1) (2)
Blue Text/ Blue Text/
39-48 (5) White Yellow 4517 No
Background(1) Background (3)
Blue Text/ White Text/
39-48 (5) White Blue Background .5498 No
Background(1) “4)
Blue Text/ Black Text/
39-48 (5) White Red Background .2499 No
Background(1) (5)
Blue Text/ Black Text/
39-48 (5) White White Background 2297 No
Background(1) (6)
Yellow Text/ Blue Text/
39-48 (5) Red Background Yellow 0043 YES
2 Background (3)
Yellow Text/ White Text/
39-48 (5) Red Background | Blue Background 0070 YES
2) O)
Yellow Text/ Black Text/
39-48 (5) Red Background Red Background .9983 No
¥)) &)
Yellow Text/ Black Text/
39-48 (5) Red Background White 0011 YES
(2) Background (6)
Blue Text/ White Text/
39-48 (5) | Yellow Background | Blue Background 1.00 No
3) 4
Blue Text/ Black Text/
39-48 (5) Yellow Red Background <0001 YES
Background (3) (5)
Blue Text/ Black Text/
39-48 (5) | Yellow Background | White Background 1.00 No
3) ©
White Text/ Black Text/
39-48 (5) | Blue Background | Red Background <0001 YES
O)) S)
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Table 16- Continued

< . Adjusted P Significant
Age Group | Color Combination | Color Combination Value Difference?
White Text/ Black Text/
39-48 (5) Blue Background | White Background 1.00 No
4) (6)
Black Text/ Black Text/
39-48 (5) Red Background White <0001 YES
(5) Background (6)
Blue Text/ Yellow Text/
51-60 (6) White Red Background <0001 YES
Background(1) (2)
Blue Text/ Blue Text/
51-60 (6) White Yellow .3835 No
Background(1) Background (3)
Blue Text/ White Text/
51-60 (6) White Blue Background 9699 No
Background(1) 4)
Blue Text/ Black Text/
51-60 (6) White Red Background <0001 YES
Background(1) ()]
Blue Text/ Black Text/
51-60 (6) White White 0110 YES
Background(1) Background (6)
Yellow Text/ Blue Text/
51-60 (6) Red Background Yellow <0001 YES
2) Background (3)
Yellow Text/ White Text/
51-60 (6) Red Background | Blue Background <0001 YES
@ @)
Yellow Text/ Black Text/
51-60 (6) Red Background Red Background 5277 No
2 )
Yellow Text/ Black Text/
51-60 (6) Red Background White <0001 YES
(2) Background (6)
Blue Text/ White Text/
51-60 (6) | Yellow Background | Blue Background 1.00 No
3) 4)
Blue Text/ Black Text/
51-60 (6) Yellow Red Background <0001 YES
Background (3) (&)
Blue Text/ Black Text/
51-60 (6) | Yellow Background | White Background 1.00 No
(3) (6)
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Table 16- Continued

Age Group | Color Combination | Color Combination Ad{;;slt:: P S%?rt:cnzgf?
White Text/ Black Text/
51-60 (6) | Blue Background | Red Background <.0001 YES
“) 3
White Text/ Black Text/
51-60 (6) Blue Background | White Background .9979 No
“4) ()
Black Text/ Black Text/
51-60 (6) Red Background White <.0001 YES
(5 Background (6)
Blue Text/ Yellow Text/
61-70 (7) White Red Background .0582 Moderate
Background(1) (2)
Blue Text/ Blue Text/
61-70 (7) White Yellow 0193 YES
Background(1) Background (3)
Blue Text/ White Text/
61-70 (7) White Blue Background 2386 No
Background(1) 4)
Blue Text/ Black Text/
61-70 (7) White Red Background 9996 No
Background(1) (5)
Blue Text/ Black Text/
61-70 (7) White White 0003 YES
Background(1) Background (6)
Yellow Text/ Blue Text/
61-70 (7) Red Background Yellow <.0001 YES
(2) Background (3)
Yellow Text/ White Text/
61-70 (7) Red Background | Blue Background <.0001 YES
@ @
Yellow Text/ Black Text/
61-70 (7) Red Background Red Background 9973 No
(2 )
Yellow Text/ Black Text/
61-70 (7) Red Background White <.0001 YES
2) Background (6)
Blue Text/ White Text/
61-70 (7) | Yellow Background | Blue Background 1.00 No
3) “4)
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Table 16- Continued

. .. Adjusted P Significant
Age Group | Color Combination | Color Combination Value Difference?
Blue Text/ Black Text/
61-70 (7) Yellow Red Background <.0001 YES
Background (3) S
Blue Text/ Black Text/
61-70 (7) | Yellow Background | White Background 1.00 No
3) ()
White Text/ Black Text/
61-70 (7) | Blue Background | Red Background 0001 YES
@ ®)
White Text/ Black Text/
61-70 (7) Blue Background | White Background 1.00 No
4) (6)
Black Text/ Black Text/
61-70 (7) Red Background White <0001 YES
(5 Background (6)
Blue Text/ Yellow Text/
71+ (8) White Red Background <.0001 YES
Background(1) 2
Blue Text/ Blue Text/
71+ (8) White Yellow - <.0001 YES
Background(1) Background (3)
Blue Text/ White Text/
71+ (8) White Blue Background <.0001 YES
Background(1) 4)
Blue Text/ Black Text/
71+ (8) White Red Background <.0001 YES
Background(1) (&)
Blue Text/ Black Text/
71+ (8) White White <.0001 YES
Background(1) Background (6)
Yellow Text/ Blue Text/
71+ (8) Red Background Yellow <0001 YES
) Background (3)
Yellow Text/ White Text/
71+ (8) Red Background | Blue Background <.0001 YES
2 “4)
Yellow Text/ Black Text/
71+ (8) Red Background Red Background 1.00 No
03] &)
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Table 16- Continued

Age Group | Color Combination | Color Combination Ad{,ﬁ:: P S:ﬁ'?reﬁcn?::g
Yellow Text/ Black Text/
71+ (8) Red Background White <.0001 YES
(2) Background (6)
Blue Text/ White Text/
71+ (8) Yellow Background | Blue Background 1.00 No
3) (C)
Blue Text/ Black Text/
71+ (8) Yellow Red Background <.0001 YES
Background (3) (S)
Blue Text/ Black Text/
71+ (8) | Yellow Background | White Background 1.00 No
3) (6)
White Text/ Black Text/
71+ (8) Blue Background | Red Background <.0001 YES
) 5)
White Text/ Black Text/
71+ (8) Blue Background | White Background 1.00 No
4) (6)
Black Text/ Black Text/
71+ (8) Red Background White <.0001 YES
(5 Background (6)
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Appendix 4- Primary Study Labels
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Drug Facts

Active Ingredients (in each 5 ml)

Brompheniamine maleate 7 mg Antihistamine
Dextromethorphan HBi 10 mg (ough suppressant

Pseudoephedrine ACL 30 mg Nasal decongestant

Use temporarily relieves:
® speenng © [unny nose © nasal congestion ® (ough
Warnings

Do not use if you are now taking  prescription monoamine oxidase inhibitor
(MADI) {certain drugs for depression, psychiatric of emotional conditions, of
Parkinson's disease), or for 2 weeks after stopging the MADI drug. I you de
#ol know if your prescription drug contains an MADI, ask a doctor o
pharmacist before taking this product

Aska doclor before use if you have o fighetes  ® glaucoma

o thyroid disease  cough [hat occurs with toa much phlegm (mucus)
© Irguble urinating due to an enlarged prostale gland © heart disease
© abreathing problem or chromic cough that asts or as sccurs with smoking,

asthma, chronic bronchitis, or emphysema '

Ask a doctor or pharmacist belore use if you are taking sedatives of ranquilizers

When using this product o nol use more than directed
© (iowsiness may occur © avoid alcoholic drinks

® alcohol, sedatives, and ianguilizers may increase drowsiness

o be careful when driving a motor vehicle or operating machinery
o excitability may occur, especialy in children

Stop use and ask a doctor i © you get nervous, ditry, or sleepless

© cough Iasts mare than 7 days, comes back_ or occurs with fever, rash, or headache
that lasts. [hese could be signs of 3 serious condition

o symploms do not ge! berier within 7 days or occur with a lever

1t pregnant or breast-teeding, ask a health professional before use.
Keep out of reach of children. In case o overdose, el medical help or contact 3
Porson Control Center nght away.

Directions © [ake every 4 1o 6 hours; not more than 4 doses in 24 hours
12 years and over 10ml

BlolZyears. ] O

under B years ask 3 doclor

Inactive Ingredients ciric acid, FO&C biue I1, ghveesia, propylene glycal,
ourified water, saccharin sodium, sodium benzoate, sorbitol

- Top 4 phases escape oot go aff gone

Golf Apple

Deluxe Destination (it word § in)

Discrimination bridges 2 of Meteorologist
Pulycondensation ANd 10 s. Couch collections
Unsuccessfufly HOW 30 & Think particalarly

* Nor temperament gorgeous
* deathbed © badly rose © count conscience * happy
Splendor

It ate buy is wow far for lengih 3 unsuccessful happiness quietly pessimist
(POOK) (perfect truly mom moderation, inlerrupted by increment himitation, of
Fropaganda hormane), it map 2 shade slaws elephant the POOH tree. Ia cal 0
gem leed to four tundamentals bear chicken an MAOL, ton | lawful no
dictionary animal pajama om nobody

© pharmacy ® mamiage
© pulling disease  cough that rovally legless sale bed page easier (being)
© migwiie C1ilicism (i an in weakness absolute right  thumb another

] powerless several by bargain dream whal skies of al colors hand singing,

babies, biflion histonians, or equipment

Aie 2 nauce if componeats assume wax is cue wha wonder companent or international

1his desks that reader  1g 1op six ill warp dalabank
© cyheispace ¢al 1ebra © could expansion others

© medicel increased, mog undesstanding bat specific propensity
© be aqueous bank barcode | which several at recycling reatment
© signilicance o group. appendices i identify

Weresunson are alargerin @ man bit degrees. level, in magatines
 event found plot four 9 cane, chain ages, in design inks herse, rash, or specific
mane since. {aced sheet be tront in 2 wough crumpling.

© smallest to bet gel resull either 4 cone in Iront back | fabel

* W accepied i supply-subjects, wo @ gadgel requirements comply zen.

Your fin sn white be contrast. In home to standard, gin clarity Some af counter 3
Priot Deskiop Haider words that

Experiment o like bouse 810 2 mouse: win sign wine 4 chose it 4 unil
Orgnsimook_ 0 Wil
lolmakes 0 Sk
hgBloor | . binlnsion

Averages Opthalmics narmal food, WHE fies £, distance, prescribe reduce.
subjects which, provided reader. visual educated, whatever

Compliant Label Compliant Label
Drug Message Nonsense Message
Univers Ultra Condensed Univers Ultra Condensed
(Body text is 9.0 points) (Body text is 9.0 points)
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.+ thyroud disease
; * trouble urinating due to an enlarged prostate gland

Drug Facts

Active Ingredients (in each 5 mL)
Brompheni. | 2 mg.

Dextromethorphan HBr 10 mg,
Pseudoephedrine HCL 30 mg

Antihisamine
...Cough suppressant
Nasal decongestant

Use temporarily relieves:

* sneezing « runny nose = nasal congestion * cough
Warnings

Do not use if you are now taking 2 prescnption monoamine oxidase inhibitor
(MAOI) (certain drugs for depression, psychatric or emotional condiuons, or
Parkinson's disease), or for 2 weeks aker stopping the MAOI drug If you do
not know if your prescription drug conuains an MAOI, ask 3 doctqr or
pharmacist before taking this product
Ask a doctor before use if you have * diabetes « glaucoma

+ cough that occurs with too much phlegm (mucus)
* heart discase

.+ a breathing problem or chromic cough that lasts or as occurs with smoking,

asthma, chronic bronchitis, or emphysema
Ask a doctor or pharmacist before use if you are taking sedatives or tranquilizers

When using this product « do not use more than directed

« drowsiness may occur « avoid alcoholic drinks

« alcohol, sedatives. and tranquilizers may increase drowsiness

« be carcful when driving a motor vehicle or operating machinery
« excitability may occur, especially in children

Stop use and ask a doctor if * you get nervous, dizzy. or sleepless

« cough lasts more than 7 days. comes back. or occurs with fever, rash, or headache
that lasts. These could be signs of a serious condition. .

+ symptoms do not get better within 7 days or occur with a fever

If pregnant or breast-feeding. ask a health professional before use
Keep out of reach of children. In case of overdose, get medical help or contact a
Poison Control Center right away.

Directions + take every 4 to 6 hours; not more than 4 doses in 24 hours
iTyearsandover | 1OmL

6rol2years | __Smb__

under 6 years ask 3 doctor

Inactive Ingredients citric acid. FDAC blue #1. glycerin. propylene glycol.
purified water, saccharin sodium, sodmim benzoate, sorbitol

Golf Apple

Deluxe Destination (it word 5 in)
Discrimi bridges 2 of.
Polycond ANd 10is

Unsuccessfully HOW 30 3t e

Meteorologist
Couch collecuons
Think parucularly

Nor temperament gorgeous:
+deathbed *badly rose *count conscience *happy
Splendor

It ate buy is wow far for length a unsuccessful happiness quietly pessimist
{POOH) (perfect truly mom moderation, interrupted by increment Timitation, or
Propaganda hormone). it map 2 shade slows elephant the POONH tree. In cat so
gem feed to four fundamentals bear chicken an MAOL. ton | lawful no

dictionary animal pajama from nobody

Top 4 phases escape out go off gone * pharmacy * marriage
putting disease ~cough that royally legless safe bed page easier (being)
~midwife criticism tin an in weakness absolute nght *thumb another

. +7 powerless several by bargain dream what skies or at colors hand singug.
babies. billion historians. or equipment

Ate a notice if components assume wax is cue who wonder component or international

This desks that reader *to top six mill warp databank
*cyberspace cat zebra scould expansion others

*medical, Increased, mop understanding bat specific propensity
+be aqueous bank barcode | which several at recycling treatment
ssignficance for group. appendices if identify

| Were sun son are a larger in *man bit degrees. level.in magazines
i «event found plot four 9 cane. chain ages, in design inks horse, rash, or specific
i mane since. Laced sheet be front in 2 through crumpling.

+smallest to bet gel result either 4 cone in front back | label

I accepted in supply-subjects, two a gadget requirements comply zen.
Your fin in white be contrast. In home to standard. gin clarity some at counter 3
‘ Prior Desktop Harder words that

Experiment olike house 8 to 2 mouse; win sign wine 4 chose it 45 until

101 right un—loa_j——_‘ 8iT
_loll9rmkn___-_ .{
hght 6 floor R

A bintvsen
Averages Opthalmics normal food WHEO flies #1. distance. prescribe reduce,
subjects which, provided reader, visual educated, whatever

Compliant Label
Drug Message
Gill Sans
(Body text is 6.0 points)

Compliant Label
Nonsense Message
Gill Sans
(Body text is 6.0 points)
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Golf Apple

Deluxe Destination (it word 5 in)

Discrimination bridges 2 of ...t Meteorologist
Polycondensation ANd 10 is.. ...Couch collections
Unsuccessfully HOW 30 at.... ..Think particularly

NOT temperament gorgeous:
- deathbed - badly rose - count conscience - happy

Splendor -

It ate buy is wow far for length a unsuccessful happiness quietly pessimist
(POOH) (perfect truly mom moderation, interrupted by increment limitation, or
Propaganda hormone), it map 2 shade slows elephant the POOH tree. In cat so
gem feed to four fundamentals bear chicken an MAOI, ton ! lawful no
dictionary animal pajama from nobody

Top 4 phases escape out go off gone - pharmacy - marriage
- putting disease - cough that royally legless safe bed page easier (being)
-midwife criticism tin an in weakness absolute nght - thumb another

- 7 powerless several by bargain dream what skies or at colors hand singing.
babies, billion historians, or equipment

Ate a notice if components assume wax is cue who wonder component or international

This desks that reader - to top six mill warp databank
- cyberspace cat zebra - could expansion others

- medical, increased, mop understanding bat specific propensity

- be aqueous bank barcode | which several at recycling treatment

- significance for group, appendices if identify

Were sun son are a larger in - man bit degrees, level, in magazines

- event found plot four 9 cane, chain ages, in design inks horse, rash, or specific
mane since. Laced sheet be front in 2 through crumpling.

- smallest to bet gel result either 4 cone in front back I label

If accepted in supply-subjects, two a gadget requirements comply zen.
Your fin in white be contrast. In home to standard. gin clarity some at counter a
Prior Desktop Harder words that.

Experiment - like house 8 to 2 mouse: win sign wine 4 chose it 45 until

01 right sin I
1 of 19 make
light 6 floor _

. S iF
‘bin I vision

Averages Opthalmics normal food. WH&O flies #1. distance, prescribe reduce,
subjects which, provided reader, visual educated, whatever

Non-compliant Label
Nonsense Message
Lucida Fax
(Body text is 5.5 points)
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Drug Facts

Active Ingredients (in each S mL)
Brompheniamine malcate 2 mg...
Dextromethorphan HBr 10 mg.
Pseudoephedrine HCL 30 mg...

Antihistamine
ough suppressant
_Nasal decongestant

Use temporarily relieves:
- sneezing - runny nose - nasal congestion - cough

Warnings

Do not use if you are now taking a prescription monoamine oxidase inhtbitor
(MAOND (certain drugs for depression, psychiatric or emotional conditions. or
Parkinson's disease), or for 2 weeks after stopping the MAOI drug. If you do
not know if your prescription drug contains an MAOI, ask a doctor or
pharmacist before taking this product

Ask a doctor before use if you have - diabete - glaucoma
- thyroid disease - cough that occurs with too much phlegm (mucus)
- trouble urinating due to an enlarged prostate gland - heart discase

- a breathing problem or chrenic cough that lasts or as occurs with smoking,
asthma, chronic bronchitis, or emphysema

Ask a doctor or pharmacist before use if you are taking sedatives or tranquilizers

When using this product - do not use more ihan directed

- drowsiness may occur - avoid alcoholic drinks

- alcohol, sedatives, and tranquilizers may increase drowsiness

- be careful when driving a motor vehicle or operating machinery
- excitability may occur, especially in children

Stop use and ask a doctor if - you get nervous, dizzy, or sleepless

- cough lasts more than 7 days, comes back, or occurs with fever, rash, or headache
that lasts. These could be signs of a serious condition.

- symptoms do not get better within 7 days or occur with a fever

If pregnant or breast-feeding, ask a health professional before use.
Keep out of reach of children. In case of overdose, get medical help or contact a
Poison Control Center right away.

Directions - take every 4 to 6 hours: not more than 4 doses in 24 hours
12 years and over|
61012 years
under_6 year

i, askadoctor _

Inactive Ingredients citric acid. FD&C blue #1. glycerin. propylene glycol,
purified water, saccharin sodium, sodium benzoate, sorbitol

Non-compliant Label
Drug Message
Lucida Fax
(Body text is 5.5 points)
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Drug Facts

Active Ingredients gn each S mL)
Brompheniamine maleate 2 mg..

Dextromethorphan HBr 10 mg.
Pseudoephedrine HCL 30 mg...

Antihistamine
.Cough suppressant
...Nasal decongestant

Use temporarily relieves:
* sneezing * runny nose * nasal congestion * cough

warnings

Do not use if you are now taking a prescription monoamine oxidase inhibitor
(MAOI) (certain drugs for depression, psychiatric or emotional conditions, or
Parkinson's disease), or for 2 weeks after stopping the MAOI drug. If you do
not know if your prescription drug contains an MAOI, ask a doctor or
pharmacist before taking this product

Ask a doctor before use if you have e diabetes e glaucoma :

* thyroid disease « cough that occurs with too much phlegm (mucus)

e trouble urinating due to an enlarged prostate gland e heart disease
« 3 breathing problem or chronic cough that lasts or as occurs with smoking,
asthma, chronic bronchitis, or emohysema

Ask a doctor or pharmacist before use if you are taking sedatives or tranquilizers

When using this product e do not use more than directed

* drowsiness may occur e avoid alcoholic drinks

« aicohol, sedatives, and tranquilizers may increase drowsiness

« be careful when driving a motor vehicle or operating machinery
e excitability may occur, especially in children

Stop use and ask a doctor if e you get nervous, dizzy, or sleepless

« cough lasts more than 7 days, comes back, or occurs with fever, rash, or headache
that lasts. These could be signs of a serious condition.

* symptoins do not get better within 7 days or occur with a fever

If pregnant or breast-feeding, ask a health professional before use.
Keep out of reach of children. In case of overdose, get medical help or contact a
Poison Control Center right away.

Directions « take every 4 to 6 hours; not more than 4 doses in 24 hours
12yearsandover|  _10mL

6 tol2 years S mL

under 6 years ask a doctor

Inactive Ingredients citric acid, FD&C blue #1, glycerin, propylene glycol,
punfied water, saccharin sodium, sodium benzoate, sorbitol

Non-compliant Label
Drug Message
Verdana
(Body text is 5.5 points)
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Golf Apple

Deluxe Destination (it word 5 in)
Discrimination bridges 2 of....
Polycondensation ANd 10 is.
Unsuccessfully HOW 30 at.

Meteorologist
.Couch collections
....Think particularly

NoOr temperament gorgeous:
edeathbed ebadly rose ecount conscience ehappy

Splendor

It ate buy is wow far for length a unsuccessful happiness quietly pessimist
(POOH) (perfect truly mom moderation, interrupted by increment limitation, or
Propaganda hormone), it map 2 shade slows elephant the POOH tree. In cat so
gem feed to four fundamentals bear chicken an MAOI, ton [ lawful no

dictionary animal pajama from nobody

Top 4 phases escape out go off gone * pharmacy e marnage
eputting disease ecough that royally legless safe bed page easier (being)
emidwife criticism tin an in weakness absolute right ethumb another

«7 poweriess several by bargain dream what skies or at colors hand singing,
babies, billion historians, or equipment

Ate a notice if components assume wax is cue who wonder component or international

This desks that reader  eto top six mill warp databank
ecyberspace cat zebra ecould expansion others

emedical, increased, mop understanding bat specific propensity
ebe agueous bank barcode I which several at recycling treatment
esignificance for group, appendices if identify

Were sun son are a larger in eman bit degrees, level, in magazines
eevent found plot four 9 cane, chain ages, in design inks horse, rash, or specific
mane since. Laced sheet be front in 2 through crumpling.

esmallest to bet gel result either 4 cone in front back I label

If accepted in supply-subjects, two a gadget requirements comply zen.

Your fin in white be contrast. In home to standard, gin clarity some at counter a
Prior Desktop Harder words that.

Experiment e like house 8 to 2 mouse; win sign wine 4 chose it 45 until

Ol rightsintook | . . _ 18iT
1 of 19 make . SiF
fight 6 floor - bin T vision

Averages Opthalmics normal food, WHBO flies #1, distance, prescribe reduce,
subjects which, provided reader, visual educated, whatever

Non-compliant Label
Nonsense Message
Verdana
(Body text is 5.5 points)
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Appendix 5- Examples of a Variety of Compliant Label Designs (Drug
Messages)
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CM

U bol
Drug Facts
Active Ingredients (in each 5 mL)
Brompheniami ) 2ma Antiht "
D ethorphan HBr 10 mg Cough suppressant
Pseudoephedrine HCL 30 mg Nasal decong
Use temporarily relieves:
 sneezing * runny nose * nasal congestion * cough
Wamings
Do not use if you are now taking a p ripth id: hibit
(MAOleanbvmﬂou pqehhﬁkwonnﬁondcondlﬂomw
otlwz ks after stopping the MAOI drug. ¥ you do
notknowi'you drug ins an MAOI, ask a doctor or

phumldnbdonullngtﬂipwduet
Ask a doctor before use if you have *diabetes ©

* thyroid disease * cough that occurs with too much phlegm (mucus)
'lroubhwinoﬂnodwbmow gland * heart disease

Q pr cough that lasts or as occurs with smoking,
iy hrarie b AM" phy

Ask a doctor or pharmacist before use if you are taking sedatives or tranquilizers

When using this product * do not use more than directed

'Mmomwow * avoid alcoholic drinks l
es, and Hizers may increase drowsiness

-bourdulmndnvingnnwwvnhldoumm

* excitability may occur, especially in children

. Stop use and ask a doctor ¥ © you get nervous, dizzy, or sleepless
* cough lasts more than 7 days, comes back, or occurs with fever, rash, or headache
that lasts. These could be signs of s serious condition.
* symptoms do not get better within 7 days or occur with a fever

Hmmwm-mﬂlmmmm

Keep out of reach of child: In case of d dical help or ]
Poison Control Center right awey.

Directions *take every 4 to 6 hours; not more than 4 doses in 24 hours
"ﬂnmondovv 0 mL

* 61012 years S ml

under 6 years ask a doctor

Inactive Ingredients citric acid, FD&C bive 71, M propylene glycol,
l purified water, h

Compliant Label
Drug Message
Univers Bold

(Body text is 6.0 points)

134



C™M
U 55R

Drug Facts

Active Ingredients (m each 5 mL)

Brompheniamine mal Antihistamine
Dextromethorphan HBr 10 rrm Cough suppressant
Pseudoephedrine HCL 30 mg Nasal decongestant
Use temporarily relieves:

* sneezing ® runny nose * nasal congestion *cough
Warnings

Do not use if you are now taking a prescription monoamine oxidase inhibitor
(MAOI) (certain drugs for depression, psychiatric or emotional conditions, or
Parkinson's disease), or for 2 weeks after stopping the MAOI drug. If you do
not know if your prescription drug contains an MAOI, ask a doctor or
pharmacist before taking this product

Ask a doctor before use if you have e diabetes e glaucoma
¢ thyroid disease * cough that occurs with too much phlegm (mucus)
* trouble urinating due to an enlarged prostate gland ® heart disease

* a breathing problem or chronic cough that lasts or as occurs with smoking,
asthma, chronic bronchitis, or emphysema

Ask a doctor or pharmacist before use if you are taking sedatives or tranquilizers -

When using this product * do not use more than directed
* drowsiness may occur * avoid sicoholic drinks
* alcohol, sedatives, and tranquilizers may increase drowsiness

* be careful when driving 8 motor vehicle or operating machinery

* excitability may occur, especially in children

Stop use and ask a doctor if *you get nervous, dizzy, or sleepless

* cough lasts more than 7 days, comes back, or occurs with fever, rash, or headache
that lasts. These-could be signs of a serious condition.

* symptoms do not get better within 7 days or occur with a fever

If pregnant or breast-feeding, ask a health professional before use.
Keep out of reach of children. In case of overdose, get medical heip or contact 8
Poison Control Center right away.

Directions *take every 4 to 8 hours; not more than 4 doses in 24 hours
12yearsandover |  10mL

6tol2years | _ 5mL__

under 6 years ask a doctor

Inactive Ingredsents citric ncld FD&C blue #1, glycerin, propylene glycol,
purified water, saccharin sodium, , sorbitol

Compliant Label
Drug Message
Univers 55 Regular
(Body text is 6.0 points)
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Drug Facts uLucs
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Compliant Label
Drug Message
Univers Light Ultra Condensed
(Body text is 9.0 points)
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CM
FMed

Drug Facts

Wornmg‘s . o
Do not use ore now foking o prescription ine oxi inhibito
(MAOH) (:enoyi:o drugs for dq;gsion, sychiatric or emotional conditions, or
Poriinwn‘sdisoose),ov‘ovanﬁsa&sbppi the MAO! drug. If you do
not know if your prescripion drug contoins an MAOI, ask o doctor or
p’mn\o:islm‘ondinghisprodud

Ask o doctor befors use if you have o diabetes  * gloucoma

o thyroid disease © cough thot occurs with 100 much phlegm (mucus)
« trouble urinating dve 1o an enlarged prostote glond @ heort disease
'obmolhingp:ilanotd\m that losts or as occurs with ing,
osthma, chronic bronchifis, or emphysema

Ask 6 doctor or phormacist before use if you ore toking sedotives or tronquilizers

When using this product @ do not use more thon directed

o drowsiness may occur @ avoid olcoholic drinks

o akohol, sedatives, ond ranquilizers may increase drowsiness

© be careful when driving o motor vehicle or operofing mochinery
o excitobility may occur, especially in children

Stop use ond ask a doctor i ] nervous, dizzy, or
Shop i o ok o comes bk o S it v o, & hedoche
thot losts. These could be signs of a serious condition.

* symploms do not get befter within 7 days or occur with o fever

i ! or breost-feeding, ask a heotth ional before use.
Kf:%':ndareod\ddﬁldm. h;udwdoum‘ﬁ:nndicdur*aoonbdo
Poison Control Center right away.

Directions *ioke every 4 1o 6 hours; not more thon 4 doses in 24 hours
J2yeasondover [ 10ml
61012 yeors Sml

6 years ask o doctor

Inactive Ingredients citric ocid, FD&C blue #1, glycerin, propylene glycol,
pnmlndm:guxdmn wdim,w&wb-wwh,m ored

Compliant Label
Drug Message
Futura Medium
(Body text is 6.0 points)
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CM
GSL

Drug Facts

Active Ingredients (in each 5 mL)

Brompheniamine maleate 2 mg ... . e . Antibustamine
Dextromethorphan HBr 10 mg Cough suppressant
Pseudoephednne HCL 30 mg. .....Nasal decongestant

Use temporanty relieves:
* sneezng * runny nose * nasal congeston * cough

Wamings

Do not use If you are now takng a prescnption monoamine oxidase mhibtor
(MAOQI) (certam drugs for depression, psychuatrk or emotional condiions, or
Parlunson’s drsease), or for 2 weeks after stoppmng the MAO! drug If you do
not know if your prescnption drug contans an MAON, ask a doctor or
pharmacrst before takung thrs product

Ask a doctor before use if you have * drabetes * glaucoma
* thyrowd disease * cough that occurs with too much phlegm (mucus)
* trouble urnating due to an enlarged prostate gland * heart disease

* a breathing problem or chroni cough that lasts or as occurs with smolung,
asthma, chronik bronchitis, or emphysema

Ask a doctor or pharmacist before use if you are talung sedatrves or tranquilizers

When using thrs product * do not use more than dwrected
¢ drowsmess may occur * avord alcohohc dnnks

* akcohol. sedatives. and tranquilizers may increase drowsiness

* be careful when drning a motor vehicle or operating machinery
* excrtabidity may occur. especially n chidren

Stop use and ask a doctor if ¢ you get nervous. dizzy, or sleepless

* cough lasts more than 7 days, comes back. or occurs with fever, rash, or headache
that lasts. These could be signs of a senous condition.

* symptoms do not get better withan 7 days or occur with a fever

If pregnant or breast-feeding. ask a health professonal before use.
Keep out of reach of chidren. In case of overdose, get medial help or contact a
Poson Control Center nght away.

Directions *take every 4 10 6 hours. not more than 4 doses n 24 hours
2yeasandover | loml___

61012 years._ 1 5mL

under 6rears | askadoctor

Inactive Ingredlents ctrc aad, FD&C blue # 1. glycenn, propylene glycol.
punfied water, sacchann sodwm, sodrum benzoate, sorbitol

Compliant Label
Drug Message
Gill Sans Light
(Body text is 6.0 points)
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CM
HReg

Drug Facts
Active Ingredlents (in each5mL)

Dex:romethotphmnarlom Cough st
PseudoophodmnHCL:nm Nasal d gest

Use temporarily releves:
- sheezing * runny nose * nasal congestion « cough

Warmings

Do not use if you are now taking a prescription monoamine oxidase inhibitor

(MAOl)(conmdmgshvdoprusbn psychiatric or emotional conditions, or
Parkinson's disease), of for 2 weeks after stopping the MAO! drug. M you do

not know Hf your prescription drug containe an MAOI, ask a doctor or

pharmacist before taking this product
Askldoctovbobnmolyoum * diabetes - glaucoma
« thyroid disease mMmmmMphbm(m)

* trouble wrinating due to an enlarged prostate giand - heart disease
abvulhlngproblomovchvw cough that lasts or as occurs with smoking,
hitls, or emphy

m-m«wmmnmmmmﬂmumm

When using this product  * do not use more than directed

* drowsiness may occur -vo'ddcohollcdrm

* alcohol, sedatives, and tranquili
becareh:lwtmdﬂvhgnmvoﬂdooropwwngm.dqu
* excitabiity may occur, especially in children

Stop use and ask a doctor ¥ * you get nervous, dizzy, or sleepless

* cough lasts more than 7 days, comes back, or occurs with fever, rash, or headache
that lasts. These could be signe of a serious condition.

* symptoms do not get better within 7 days or occur with a fever

¥ pregnant or breast-feeding, ask a health professional before use.
Koopomdvnd\oi hildren. In case of dose, get medical heip or contact a
Poison Control Center right away.

Directions “take every 4 10 8 hours; not more than 4 doses in 24 hours
12yearsandover |  jomi

Gtol2years | == S5mi
under 6 years ask a doctor

Inactive Ingrodiontsm.da FDAC biue #1, g'ycuh propylene glycol,
purified water,

Compliant Label

Drug Message
Helvetica Regular

(Body text is 6.0 points)
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CM
TNR

Drug Facts

Active Ingredients (in cach 5 mL)

Brompheniami leate 2 mg R

Dx horphan HBr 10 mg. Cough supp
Pseudocphedrine HCL 30 mg. Nasal g
Use temporarily relieves:

* sneezing * runny nose « nasal congestion « cough
Warnings

. [P

Do not use if you are now taking & p p i

(MAOI) (certain drugs for depression, psychiatric of emotional conditions, of
Parkinson's disease), or for 2 weeks afier stopping the MAOI drug. If you do
not know if your prescription drug contains an MAOI, ask s doctor or

pharmacist before taking this product

Ask 8 doctor before use if you have « diabetes « glaucoma

* thyroid discase « cough that occurs with t00 much phlegm (mucus)
« trouble urinating due to an enlarged prostate gland * heart discase

-nbtulhingpnblcmovchmicewghdmlmotumnwim:mokin;
asthma, chronic bronchitis, or emphysema

M:mew&fmmﬂmnﬂmnﬂimamﬁlm

When using this product * do not use more than directed

+ drowsiness may occur « avoid sicoholic drinks

« alcohol, sedatives, and tranquilizers may increase drowsiness

« be careful when driving a motor vehicle or operating machinery
« excitability may occur, especially in children

Stop use and ask 8 doctor if * you get nervous, dizzy, or sleepless
-cou'hluunmlhm?daymmhuk.wocumwﬂhfevu.nsh.orhudxhe
that lasts. These could be signs of a serious condition.
-uympwmdonngelmwi\hin7dlylwmvilhlfww

If pregnant or breast-feeding, ask s health jonal before use.
Keep out of reach of child: In case of dose, get medical help or contact a
Poison Control Center right away.

Directions *take every 4 10 6 bours; not more then 4 doses in 24 hours
L2ycarsandover |  10mk
6tol2years |  Smb
under 6 years ask a doctor

Inactive Ingredients citric acid, FD&C blue #1, glycerin, propylene glycol,
purified water, sacchasin sodium, sodium benzoate, sorbitol

Compliant Label
Drug Message
Times New Roman
(Body text is 6.0 points)
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CM

FBid

Drug Facts
Active Ingredients (ln each 5 ml)
Dozmhowhonlﬂ:lOn:‘ Cough *
Psevdoephedrine HCL 30 mg ‘:....‘""';
Use refieves:
-MWM * nasal congestion * cough
Wamings
D;A"&')m non m emotionol conditions, or
! l or for wooludhr MMAOIM !youdo
ndkm#ywmdmbn

taking this
Ask a doctor before use if you have dicbetes *
.dvymddlnou “nco:"wm«mw:'h.mmﬁr&:rtmnw)
* a breathing w:bronxcwdﬂbdbﬂoauo«mwﬂhsmldng,
asthma, ch b hitis, or emphy
Ask a doctor or phormacist before use if you are toking sedatives or tranquilizers

thi o do

":.‘::::..".. ..7.';'?:2’5.' . m""&"m"“"m""’l"""‘

'Inmdulwhondrivhgomnhkhwmm

* excitobility may occur,
and ask a doctor i . nervous, dizxy, or sleepless
%.hsnm:mm7d¢ys,¢my?& oro«unwllhznr rash, or headache

thot lasts. These could be sigmofouriow
* symptoms do not get better within 7 days or occur with a fever

4 breo: ask o health before use.
K or of roceh of cobdres, ‘rcate of ovardove, got medies! hokp or comtact @
Poison Control Center right away.
Directions *take every 4 1o 6 hours; not more thon 4 doses in 24 hours
12ysorsandover| 10ml
ézlszm 3 mi

yeors ask a doctor
Inactive Ingredients citric ocid, FD&C biue #1, glycerin, propylene glycol,
Ww-l"w'? charin sodium, sodium b sorbitol

Compliant Label
Drug Message
Futura Bold
(Body text is 6.0 points)
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Appendix 6- Examples of a Variety of Noncompliant Label Designs
(Drug Messages)
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NCM
GSL 5.5

Drug Facts

Active Ingredients (in each 5 mL)
Bromphen

namine maleate 2 mg . Antihistamine
Dextromethorphan HBr 10 mg . - Cough suppressant
Pseudoephedrine HCL 30 mg__ S decongestant
Use temporaniy rebeves:
* sneenng * runny nose * nasal congestion * cough

Warnings

Do not use if you are now takmg a prescnption monoamme oxidase inhibtor
(MAOI) (certan drugs for depression. psychatne or emotional conditions. or
Parkmson's disease), or for 2 weeks after stoppng the MAOI drug i you do
not know if your prescription drug contans an MAOI, ask a doctor or
pharmactst before taking this product

Ask a doctor before use f you have * diabetes * glavcoma
* thyrod drsease * cough that occurs with too much phlegm (mucus)
* trouble unnating due to an enlarged prostate gland * heart dsease

* 2 breathing problem or chronik cough that lasts or as occurs with smokung,
asthma, chronk bronchatrs, or emphysema

Ask a doctor or pharmacist before use f you are talung sedatves or tranquilizers

When using this product * do not use more than directed
* drowsiness may occur « avod alcohohe dnnks

+ akohol, sedatrves. and tranquilizers may increase drowsiness

* be careful when drving a motor vehicle or operating machmery
* excitabiity may occur, especially i children

Stop use and ask a doctor * you get nervous, dizzy. or sleepless

* cough lasts more than 7 days. comes back, or occurs with fever, rash, or headache
that lasts. These could be signs of a senous condition.

* symptoms do not get better withn 7 days or occur with a fever

If pregnant or breast-feeding, ask a heatth professional before use.
Keep out of reach of chidren. In case of overdose, get medxal help or contact a
Porson Control Center nght away.

Directions *lake every 4 10 6 hours; not more than 4 doses 0 24 hours
Rasondoer | 10ml_
Gtoldyears | . Sml _ _
under6years | askadoctor

Inactive Ingredients canc acd. FDAC blue #1. ghycenn. propylene glycol,
punbed water. sacchann sodium, sodium benzoate, sortitol

Non-compliant Label
Drug Message
Gill Sans Light
(Body text is 5.5 points)
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NCM
TNR 5.5

Drug Facts

Active Ingredients (in cach 5 mL)
p leate 2

maleate 2 mg. Antihi
D horphan HBr 10 mg. Cough sup
Pscudoepbedrine HCL 30 mg Nasal decong
Use temporarily relieves:
« sneezing * runny nose * nasal congestion * cough
Warnings
Donmunnfywmnowukinumripﬁonnmmmuidmin_hibiwr

(MAO!) (certain drugs for dep poy or or
Parkinson's diseasc), o for 2 wecks after stopping the MAOI drug 1f you do
not know ily«lwmnpuon&u;conuuunmol.ukudocwa

pharmacist before taking this product

Ask a doctor before use if you have « diabetes « glsucoms

« thyroid discase -coulhthuoocunmmloom:hpnk‘m(mu)
+ trouble urinating due 1o an enlarged prostate gland * heart discase

-lhfu!hin'pmblemuchmiccmﬂlhuhmuum'ithlmokh..
asthma, chronic broachius, of emphysema

Mum«mmkfm-eifywnuhuneaﬁmanﬂnﬂm

When using this product * do not use more than directed
* drowsiness may occur « avoid akcoholic dnnks

« alcohol, sedatives, and tranquilizers may incresse drowsiness

« be careful when driving s motor vehicle or operating machmery
. bility may occus, especially ia childrea

Stop use and ask & doctor if « you get nervous, dizzy, or sleepless
-mﬂmmlMleyi.mb&Luotcunwﬂhfm,mh.nmh
that lasts. These could be signs of a serous condition.
-Wdonﬂpabe«amh7daysummlh|(m

If pregnant or breast-feeding. ask & health professional before use.
Keep out of reach of children. 1n case of overdose, get medical help or contact 8
Poison Control Center nght away.

Directions *take every 4 to 6 hours; not more than 4 doses in 24 hours
2ycassndover | 10mbl
6tol2yesm |  SmbL

under 6 years ask s doctor

Inactive Ingredients citric acid, FD&C biue #1. glycerin, propyleoe glycol,

Non-compliant Label

Drug Message
Times New Roman

(Body text is 5.5 points)
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NCM
Tahoma 5.5

Drug Facts
Active Ingredlents Sn each S mL)

Dextromemoruhanuafwmg .......... Cough suppressant
Pseudoephedring HOL 30 Mg.......cconsereereesacs Nasal decongestant

Use temporarily refieves:

* sneezing * runny nose o nasal congestion  « cough
Warnings

mmmdmnmmumﬂmmmlm

(MAOI) (certain drugs for depression, psychiatric or emotional conditions, o

Parkinson's disease), or for 2 weeks after stopping the MAOI drug. 1f you do
not know i your prescription drug contains an MAOI, ask 3 doctor or

Wmmmm

Ask a doctor before use if you have * diabetes » glaucoma

o thyroid disease cwghvuomnwnhlnommlegm(m)
« trouble urinating due to an enlarged prostate gland » heart disease

-amm«mmmm«ummm
asthma, chronic bronchitis, or emphysema

Ask a doctor or pharmacist before use If you are taking sedatives or tranquilizers

When using this product * do not use more than directed
-Mnssmayocul -mmm

* alcohol, may drowsiness
-ummm.mm«mm
 excitability may occwr, espedally in children

Stop use and ask a doctor if « you get nervous, dizzy, or sleepless

o cough lasts more than 7 days, comes back, of ocours ocours with fever, rash, or headache
that lasts. These could be signs of a serious condition.

« symptoms do not get better within 7 days or occur with a fever

1f pregnant or breast-feeding, ask 3 health professional before use.
Keep out of reach of childven. In case of overdose, get medical help or contact 3
Poison Control Center right away.

Directions  *take every 4 to 6 hours; not more than 4 doses in 24 hours

IZ@andwe 10 mbL
_61t0 12 years SmL
“under § year ask a doctor

Inactive Ingredients ciric acid, FDAC biue #1; glycerin, propylene giycol,
purified wate, saccharin sodlum, sodium berzoate, sorbiol

Non-compliant Label
Drug Message
Tahoma
(Body text is 5.5 points)
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NCM
LS 5.5

Drug Facts

Active Ingredients (in each 5 mL)

maleate 2 mg Antihi i
Dex(romelhovphan HBr 10 mg. Cough suppressant
phedrine HCL 30 mg Nasal decong
Use temporarily relieves:
- sheezing - runny nose - nasal congestion - cough
Warnings
Do not use if you are now taking a prescription i id inhibi

(MAO!) (certain drugs for depression, psychiatric or emotional conditions, or
Parkinson's disease), or for 2 weeks after stopping the MAOI drug. If you do
not know if your prescription drug contains an MAOI, ask a doctor or
pharmacist before taking this product

Ask a doctor before use if you have - diabetes - glaucoma

- thyroid disease - cough that occurs with too much phlegm (mucus)
- trouble urinating due to an enlarged prostate gland - heart disease

- a breathing problem or chronic cough that lasts or as occurs with smoking,
asthma, chronic bronchitis, or emphysema

Ask a doctor or pharmacist before use if you are taking sedatives or tranquilizers

When using this product - do not use more than directed

+ drowsiness may occur - avoid alcoholic drinks

- alcohol, sedatives, and tranquilizers may increase drowsiness

- be careful when driving a motor vehicle or operating machinery
- excitability may occur, especially in children

Stop use and ask a doctor if + you get nervous, dizzy, or sleepless

- cough lasts more than 7 days, comes back, or occurs with fever, rash, or headache
that lasts. These could be signs of a serious condition.

- symptoms do not get better within 7 days or occur with a fever

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

Directions *take every 4 to 6 hours; not more than 4 doses In 24 hours

J2yearsandover |  10mbL
Qlol2years |  SmbL
under 6 year ask a doctor

Inactive Ingredients citric acid, FD&C blue #1, glycerin, propylene glycol,
purified water, saccharin sodlum, sodium benzoate, 'Sorbitol

Non-compliant Label
Drug Message
Lucida Sans
(Body text is 5.5 points)
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NCM
Censb 5.5

Drug Facts

Actxve Ingredlenta (m each 5mL)

A e

Dextromethorphnn HBr 10 mg. Cough supp

Py P ine HCL 30 mg Nasal d t
Use temporarily relieves:

* sneezing * runny nose * nasal congestion « cough
Warnings

Do not use if you are now taking a prescription i id: hibi

(MAON) (certain drugs for depression, psychiatric or emotional conditions, or
Parkinson's disease), or for 2 weeks after stopping the MAOI drug. If you do
not know if your prescription drug contains an MAOI, ask a doctor or
pharmacist before taking this product

Ask a doctor before use if you have * diabetes * glaucoma

* thyroid disease « cough that occurs with too much phlegm (mucus)
trouhk uruunnc duc to an enlarged prostate gland  * heart disease

-ab hroni mu(hthlt lasts or as occurs with smoking,

\s LH
sth: h. b or

Ask e doctor or pharmacist before use if you are taking sedatives or tranquilizers

When using this product  * do not use more than directed

* drowsiness may occur * avoid alcoholic drinks

* alcohol, sedatives, and tranquilizers may increase drowsiness

* be careful when driving a motor vehicle or operating machinery
* excitability may occur, especially.in children

Stop use and ask a doctor if * you get nervous, diszy, or sleepless
'coughluummlhm'ldlyn.mmubuk or occurs with fever, rash, or headache
that lasts. These could be signs of a serious condition.

* symptoms do not get better within 7 days or occur with a fever

If preg or breast-feeding, ask a health professional before use.
Keep out of reach of child In case of dose, get medical help or contact a
Poison Control Center right away.

Directions *take every 4 to 8 hours; not mors than 4 doses in 24 hours

12yearsandover |  10ml
6tal2years. | = S5mL
ung Q years ___EKJM_

Inactive Ingredients citric acid, FD&C blue #1, glycerin, propylene glycol,
purified water, saccharin sodium, sodium bensoate, sorbitol

Non-compliant Label
Drug Message
Century Schoolbook
(Body text is 5.5 points)
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NCM
Cengot 5.5

Drug Facts

Active Ingredients (in each 5 mL)

Brompheniomine maleate 2 mg Antihistomine
Dextromethorphan HBr 10 mg Cough suppressant
Pseudoephedrine HCL 30 mg. Nasal decongestant
Use temporarily refieves:

* sneezng * runny nose * nasal congestion * cough
warnings

Do not use if you are now taking o prescription monoaomine oxidase inhibitor
(MAOV) (certain drugs for depression. psychiatric or emotional conditons, of
Porkinson's disease). or for 2 weeks after stopping the MAOI drug. If you do
not know it your prescription drug contains an MAOI, ask @ doclor or
pharmacist before taking this product

Ask o doctor before use if you have * diobetes e« gloucoma

* thyroid dsease * cough that occurs with too much phiegm (mucus)
* frouble unnating due to an enlarged prostate gikand * heort disease

* a breathing problem or chronic cough that lasts or as occurs with smoking,
asthma, chvonic bronchitis. or emphysema

Ask a doctor or pharmaocist before use if you are loking sedatives or ronquiizers

When using this product ¢ do not use more thon directed

* drowsiness may occw ¢ avoid aicohohc drinks

* alcohol. sedatives, and tranquilizers may increase drowsiness

* be careful when driving a molor vehicle or operating mochinery
 excitabiity may occur. especialy in children

Stop use and ask a doctor if * you get nervous, dizzy, or sleepless

* cough lasts more thon 7 days. comes bock. or occurs with fever, rash. o headache
that lasts. These could be signs of a serious condition.

* symptoms do not ge! better within 7 doys or occur with a fever

f pregnont or breast-feeding. ask o health professional before use.
Keep out of reach of chidren. In case of overdose, get medicol help or contact a
Poson Conirol Center right away.

Directions *take every 4 to 6 hours: not more than 4 doses in 24 hours
J2yeorsandover | 10mL
6tol2years | SmlL _
underéyeors __jaskodoctor

Inactive Ingredients citric acid. FDAC biue #1, glycerin, propylene glycol,
purified water, sacchann sodium, sodium benzoate. sorbitol

Non-compliant Label
Drug Message
Century Gothic
(Body text is 5.5 points)
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NCM
BMOS 5.5

Drug Facts

éctivg Ingr_edier‘xts (iQn each S mL)

Bromp
Dextromethorphan HBr 10 m
Pscudoephednine HCL 30 mg

Use temporarily relieves:

* sneezing * runny nose * nasal congestion * cough
Warnings

Do not use if you are now taking a prescription i id hib

{MAOI) (certain drugs for depression, psychiatric or emotional conditions, or
Parkinson's disease), or for 2 weeks after stopping the MAOI drug. If you do
not know if your prescription drug contains an MAOI, ask a doctor or
pharmacist before taking this product

Ask a doctor before use if you have ¢ diabetes  * glaucoma

¢ thyroid discase * cough that occurs with too much phlegm (mucus)
* trouble urinating due to an enlarged prostate gland * heart discase

* a breathing problem or chronic cough that lasts or as occurs with smoking,
asthma, chronic bronchitis, or emphysema

Ask a doctor or pharmacist before use if you are taking sedatives or tranquilizers

When using this product ¢ do not use more than directed

* drowsiness may occur  * avoid alcoholic drinks

¢ alcohol, sedatives, and tranquilizers may increase drowsiness

* be careful when driving a motor vehicle or operating machinery
* excitability may occur, especially in children

Stop use and ask a doctor if * you get nervous, dizzy, or sleepless

* cough lasts more than 7 days, comes back, or occurs with fever, rash, or headache
that lasts. These could be signs of a serious condition.

* symptoms do not get better within 7 days or occur with a fever

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

Directions *take every 4 to 6 hours; not more than 4 doses in 24 hours

12yearnandover {  10mbk
6tol2ycarn | SmL__
under 6 years ask a doctor

Inactive Ingredients citric acid, FD&C blue #1, glycerin, propylene glycol,
purified water, harin sodi sodium b sorbitol

Non-compliant Label
Drug Message
Bookman Old Style
(Body text is 5.5 points)
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NCM
Hbld 5.5

Drug Facts
Active Ingredients (in each 5 mL)
Bromphenismine 2mg.

Warmings

Donotunllyounmhkhgo ripth ine oxidese
('Mon(wmlntu'ﬂw conditions, or
m-myumzmmmmmm ¥ you do
not know If your prescription drug contains an MAOL, ask a doctor or
pharmacist

M-mw.unllywm - diabstes - gisucoma
wm wmmmmmm(m
ot D due to an ged pi * heart di
-l‘ 9 Pr or Mumwummm
th itle, or

m.m«wmomnmnmmwm
Mudngmm * do not use more than directed

Stop use and ask a doctor if you get nervous, dizzy, or slespiess
wmmm7mmmwmmm rash, or headache
that lasts. These couid be signs of a serious condition.

* symptoms do not get better within 7 days or occur with a fever

N pregnant or breast-feeding, ask a heaith professional before use.

mmuma In case of overdoss, get medical help or a
Poleon Control Center right awey.

Directions “take every 4 10 § hours; not more than 4 doses in 24 hours

12yssraandover |  jomL _

61012 yoars Smi

underSyears  [askadoctor

Inactive Ingredients civric acid, FDAC bius #1, glycerin, propylene giycol,
purified weter, saccharin sodium, sodium benzoste, sorbitol

Non-compliant Label
Drug Message
Helvetica Bold

(Body text is 5.5 points)
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NCM
HL 5.5

Drug Facts

Active Ingredients (in each 5 mL)
' oote 2

D phan HBr 10 mg.. Cough suppr

F hedrine HCL 30 mg. Nasal d g
Use temporarily refieves:

* sneezing * runny nose * nasal congestion * cough
Wamings

Do not use i you are now taking & p Tipt .

(MAO!) (certain drugs for i it
Parkinson's disease), mio'ZwoonahwsloppmgmoMAOIaug Hyoudo
not know if your prescription drug contains an MAOI, ask a doctor or

pharmacist before taking this product

Ask a doctor belore use if you have « diabetes « glaucoma

« thyroid disease emmmaomnmmmmmm(m)
« trouble urinating due 10 an enlarg: gland - heart disease

nmmmmmmmmluma-mmm
asthma, chvonic bronchitis, or emphysema

Ask a doctor or pharmaciet before use i you are taking sedatives or tranquikizers

When using this product « do not use more than directed
drowakmsmyocuu - avoid alcoholic drinks
« alcohol,

s may in
Nurcuwhmdm-numvﬂudeaop«mm
+ excitabrlity may occur, especially in chidren

Stop use and ask a doctor # * you get nervous, dizzy, or sleepless

+ cough lasts more than 7 days, comes back, or occurs with fever, rash, or headache
that lasts. These coukd be signs of a serious condition.

- symplome do not get better within 7 days or occur with a fever

nmummw-mwmumm
Keep out of reach of children. In case of get medical help or ct 8
Poison Control Center right away.

Directions “take every 4 10 6 hours; not more than 4 doses in 24 hours

e —
YOars_ -

under6years | askadocior

Inactive Ingredients citric acid, FDAC bive #1, giycerin, propylens glycol,
purified waler, saccharin sodium, sodium benzoate, sorbitol

Non-compliant Label
Drug Message
Helvetica Light
(Body text is 5.5 points)
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NCM
LSTW 5.5

Drug Facts

Active Ingredients (in each 5 mL)

Brompheniamine maleate 2 ®9............ teeseerectenena Antihistamine
Dextromethorphan H8r 10 mg . ...Cough suppressant
Pseudoephedrine HCL 30 mg.............ee ceecsen ..Nasal decongestant

Use temporarily relieves:

- sneezing - runny nose - nasal congestion - cough
warnings

Do not use if you are now taking a prescription monoamine oxidase inhibitor
(MAOI) (certain drugs for depression, psychiatric or emotional conditions, or
Parkinson's disease), or for 2 weeks after stopping the MAOI drug. If you do
not know if your prescription drug contains an MAOI, ask a doctor or
pharmacist before taking this product

Ask a doctor before use if you have . diabetes - glaucoma

- thyroid disease - cough that occurs with too much phlega (mucus)

- trouble urinatin? due to an enlarged prostate gland - heart disease

- a breathing problem or chronic cough that lasts or as occurs with smoking,
asthma, chronic bronchitis, or emphysema

Ask a doctor or pharmacist before use if you are taking sedatives or tranquilizers

When using this product - do not use more than directed
- drowsiness may occur - avoid alcoholic drinks

- alcohol, sedatives, and tranquilizers may increase drowsiness
- be careful when driving a motor vehicle or operating machinery
- excitability may occur, especially in children

Stop use and ask a doctor if - you get nervous, dizzy, or sleepless

- cough lasts more than 7 days, comes back, or occurs with fever, rash, or headache
that lasts. These could be signs of a serious condition.

- symptoms do not get better within 7 days or occur with a fever

1f pregnant or breast-feeding, ask a health professional before use.

Keep out of reach of children. 1In case of overdose, get medical help or contact a
Poison Control Center right away.

Directions *take every 4 to 6 hours; not more than 4 doses in 24 hours

12 years and over
_6_to 12 years 5 sl
under b year ask a doctor

Inactive Ingredients citric acid, FD&C blue #1, glycerin, propylene glycol,
purified water, saccharin sodium, sodium benzoate, sorbitol

Non-compliant Label
Drug Message
Lucida Sans TW
(Body text is 5.5 points)
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Appendix 7- Consent Form
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Label Legibility- Consent to be Tested

You are being asked to read printed cards using an instrument called the Polariscope.
The Polariscope is a tool that provides a numerical value for how easy or difficult a
message is to read. The purpose of this research is to develop the Polariscope as a
performance standard for legibility. This would ensure that the label information
provided on a variety of packages is sufficiently legible. This is becoming increasingly
important as the population ages.

Prior to testing, your visual acuity will be measured by reading a card. The lowest line
that you can read on the card will determine your visual acuity (20/20, 20/30, etc.). This
information will be recorded. Information about your gender, educational background
and age will also be recorded.

You will read a card placed inside the grey box. Look into the box through the screen on
the front. As you look through the screen turn the knob on the right side of the box until
you can easily read the words on the card in the box without straining your eyes. The
operator will record the value you get for each card. Once the value is recorded, turn the
knob back to its starting position so that the screen is dark again. The operator will put a
different card in the box for you to read.

You will not be identified by name in any records of this testing; testing is anonymous.
Your participation will be protected to the maximum extent of the law. You may
discontinue participation at any time without penalty.

Testing will take no more than 30 minutes.

I choose to participate in the label legibility study.

Date:

I decline participation in the study. (Declining to participate will not reflect negatively in
any way on subjects).

Date:

If you have any questions or concerns about this study, please feel free to contact Dr.
Hugh Lockhart, Michigan State University School of Packaging at 517-355-3604 or
Laura Bix at 517-333-9967.

If you have questions regarding your role or rights as a research subject, contact David
Wright, PhD Chair, University Committee Involving Human Subjects, at 517-355-2180.

You will be provided with a copy of your signed consent form.
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Appendix 8- Data Recording Sheet: Primary Study
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Data Recording Sheet

Primary Study
Subject #

Inside Light Level Ambient Light Level
Male Female Visual Acuity
8" Grade High School Undergraduate Graduate Doctorate
19-28 29-38 39-48 49-58 59-68 79-88

Number of times .

label has been R"q‘}‘;{’:‘z"g’m Time Required
viewed by subject 0 ton

0|0

WIW ([ WIWIWIWIWIWIN[NINNINI DI DI DN vt | et | ot | ot | ot | smnt | st | ot
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Appendix 9-Data Recording Sheets: Preliminary Study 1 and 2
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Data Recording Sheet
The Effect of Distance on Variability Data (from Machine Front)

Subject #
Inside Light Level Ambient Light Level
Male Female Visual Acuity
8" Grade High School Undergraduate Graduate Doctorate
19-28 29-38 39-48 49-58 59-68 79-88

Part A: Subjects Choose Reading Distance

. Number of Required
Label# | Jmeslabelhas | pegreesof | Time Required
n viewed by Rotati
subject otation
D
D
1
1
Distance (Wall 1
to Easel) 1
1
1
2
2
2
2
2
2
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Part B: Copy Distance Fixed

Number of
times label has Required Degrees of . .
Label # been viewed by - Rotatiogl: Time Required
subject
D
D
1
1
1
1
1
1
2
2
2
2
2
2
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Data Recording Sheet
The Effect of Distance on Variability Data (from Machine Back)

Subject #
Inside Light Level Ambient Light Level
Male Female Visual Acuity
8™ Grade High School Undergraduate Graduate Doctorate
19-28 29-38 39-48 49-58 59-68 79-88

Part A: Subjects Choose Reading Distance

‘ Number of Required
Label # l:el?:svlizgveo}dh:? Degree.s of Time Required
. Rotation
subject
D
D
1
1
Distance (Wall 1
to Easel) 1
1
1
2
2
2
2
2
2
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Part B: Copy Distance Fixed

Number of
times label has Required Degrees of . .
Label # been viewed by Rotation Time Required
subject
D
D

D NI DD DI N | vt | st | ot | pmd | st | et
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Appendix 10- Data Recording Sheet: Preliminary Study 3
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Data Recording Sheet
The Effect of Instrument on Variability Data

Subject #
Inside Light Level Ambient Light Level
Male Female Visual Acuity
8™ Grade High School Undergraduate Graduate Doctorate
19-28 29-38 39-48 49-58 59-68 79-88

Part A: Older Instrument

. Number of Required
Label # ;g:;svli:?::dh:? Dl:gree.s of Time Required
. otation
subject
D
D
1
1
1
1
1
1
2
2
2
2
2
2
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Part B: New Instrument

Number of
times label has Required Degrees of . .
Label # been viewed by “ Rotatiogrl;ee Time Required
subject
D
D
1
1
1
1
1
1
2
2
2
2
2
2
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Appendix 11- Tukey-Kramer Pair Wise Comparisons
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Effect
Compliant
Design(Compliant)
Design(Compliant)
Design(Compliant)
Design(Compliant)
Design(Compliant)
Design(Compliant)
Element
Element
Element
Desig*Elemen(Compil)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compii)
Desig*Elemen(Compii)
Desig*Elemen(Compll)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compii)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compll)
Desig*Elemen(Compili)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compili)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Deslg*Elemen(Compll)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compll)
Desig*Elemen(Compili)
Desig*Elemen(Compii)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compll)
Desig*Elemen(Compli)
Desig*Elemen(Compll)
Desig*Elemen(Compli)
Desig*Elemen(Compii)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compili)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Deslig*Elemen{Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compll)
Desig*Elemen(Compili)
Desig*Elemen(Compli)

Compliant

N s et b b s

[ e N s N el e o N o N o o N S N T S e e e S e o o o S S e e e N el o e e e =P S A S

Design

WINN - -

WWNNNNNNNNNNNNNRNNNNNNNNN S e et b b bt b b b b b b b b b b bbb b b bk b pb b pob b b b ot b

Element

- WWWWWWNNNNNNNRFE =t WWWWWWWWWINRNNNNNNNNN S e e e e e e e s N
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_Compliant

NINNNN=N

NNNNNNNNNNNNNNENNNNNNNEE2ENNNNNNNERRENNNNNNS SR NNNNNN e e e

_Design

SDLbWHLWN

WWDALDADWWWILRADWWWNIDIDDLDWWWNNI(IDAWWWNNNIODDWWWNNNFHDLIDAWWWNNNRE -

_Element Adip

WINWNEWNEWNESWONFERWOWNEREWONSEWONWONSWONS WONS WS W2 WO WWONS, WO WONSWNWWN

0.00020811
0.88291162
0.03416144
0.00579328
0.19701401
0.05316928
0.94048957
2.3505E-06
4.3537E-10
1.254E-08
0.20197274
5.049E-09
0.99999987
0.48554091
6.8459E-09
1
0.84716174
0.01518079
0.99991935
0.7703398
0.1013974
0.00075223
0.07611167
0.99999887
0.00449697
0.13005174
0.99751379
0.99926878
0.02803901
0.99935702
1
4.9556E-09
8.6784E-05
0.99999952
4.9763E-09
5.2777E-06
0.02362419
4.9499E-09
1.102E-05
0.00243802
0.24376451
5.0905€-09
1
0.60558057
0.00363642
0.99999998
0.50479818
0.03275156
0.00064177
0.35990085
0.99999413
0.97251583
0.11217919
0.99999973
0.99986459
5.5053E-09
4.9163E-05
0.08853269
4.963E-09
9.6968E-05
0.01272543
0.74262107
0.00782038



Desig*Elemen(Compli)
Desig*Elemen(Compll)
Desig*Elemen(Compli)
Desig*Elemen(Compii)
Desig*Elemen(Compii)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compli)
Desig*Elemen(Compii)
Desig*Elemen{Compii)
Desig*Elemen(Compli)

NNNNNNNNNNNNN

S UWWWWWWWWWW

N = WWWNNNN =

167

NNNNNNNNNNNDNN

S HLDIDIDIDIDIDLWDHLDLDS

WWNWNHWNFHEWWN =

0.99999621
0.64868479
0.0605106
0.76434068
0.37457078
1
0.98091364
0.00094177
0.84227808
0.99998197
0.28895838
0.01071318
0.99239672
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