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Figure 1.1 - Analysis of Pill Colors for Currently Available Drugs in the Market

It is worth noting that two-colored capsules, discontinued drugs, and generic drugs without images
or explicit mention of the pill color were excluded from the analysis. On the other hand, colored
capsules with two shades of the same color, different shapes and dosages of the same drugs were

included in the analysis.

1.4 Color Naming

Ethnicity and location are among the demographics being considered in this dissertation research.
Therefore, one would wonder: What do different colors mean to people from different cultures,
speaking different languages? Are they universal? How are they the same, and how are they
different? According to Berlin and Kay, there are seven evolutionary stages for the development
of color terms in languages. In the first stage, the language would have terms for dark-cool and
light-warm, covering more than just black and white terms. Any language with three color terms
would be describing the second stage, whereby the color red is the third term in addition to the



1.6.5 Color in Candy

“Chocolate is better in color” was the tagline introduced by
“M&M’s” in 2004. The “M&M’s” chocolate candies
originally introduced in 1941, included the colors red,
yellow, green, brown, orange, and violet. In 1949, the color
violet was replaced by tan, and then in 1995, 10 million
Americans voted and demonstrated their preference by choosing to replace the color tan by blue
(PR Newswire, 2002). In 2002, the company asked voters around the globe to choose the newest
addition to the “M&M’s” colors from purple, pink, or aqua across 78 countries and in 15 different
languages - The Global Color Vote (Thompson, 2004). The voters chose purple as the winning
color (Beirne, 2003). In 2004, the vice president of marketing mentioned “We’ve always had color
as a unique point of difference”. This applies to so many other candies and chocolates, where the
particular color it is associated with, is the color remembered often by consumers, and recognized.
Furthermore, research done by Zellner (Zellner, et al., 2018) showed that the perceived flavor of

the candy is influenced by the color of the candy itself, rather than the color of its wrapper.

1.6.6 Color in Medicine

A product’s characteristics such as its packaging, shape, size, and color
provide consumers with a certain expectation of the product itself (Roullet
& Droulers, 2005; Lechner, et al., 2012; Elliot & Maier, 2014; Spence,

2021). In the case of medications, research has shown that the color of the

packaging of medications, as well as the pills themselves, have an effect on the expectation of the
consumers in terms of intake and compliance rate, reducing medication errors, and helping the
elderly with impaired memory (Leslie, 1954; Roullet & Droulers, 2005; Elliot & Maier, 2014; Tao,
et al., 2017; Tao, et al., 2018). Pill colors can also present a certain expectation of their efficacy
before their consumption. In addition, pharmaceutical companies need to be careful when it comes
to children: their products need to be appealing enough, but not to a degree where pills can be

mistaken for candy (Wan, et al., 2015).
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One of the earliest researchers in the field of effects of colors on drugs at the time was Leslie who
in 1954, discussed the power of suggestion and its relation to placebo drugs based on their colors.
Leslie attributed the findings to prior use of medicinal products (Jacobs & Nordan, 1979). Lasagna
et al. in 1958 tested this theory on tuberculosis patients by giving patients yellow placebo tablets
with the promise of an increase in energy levels. Patients who participated in the study did in fact
report an increase in their energy levels which supported the theory tested (Lasagna, et al., 1958).
Several researchers followed this path including Schapira, McClelland, Griffiths & Newells in
1970 by studying the effects of tablet colors on anxiety patients. Even though their experiment was
done on a small sample of 48 patients, their findings of anxiety symptoms were most improved
with green-colored tablets, while yellow-colored tablets were best suited for depressive symptoms
(Schapira, et al., 1970; Craen, et al., 1996).

In 1972, Blackwell, Bloomfield, & Buncher experimented with the effect of blue and pink placebo
drug colors on 56 medical students, and found that participants who took the blue placebo drug
were less alert and more drowsy than those who took the pink one (Craen, et al., 1996; Blackwell,
et al., 1972). In 1982, Buckalew & Coffield performed further experiments trying to relate the
effects of drug colors across cultures, and found that Caucasians expected white-colored drugs to
be analgesics, while African-Americans viewed them as stimulants. On the other hand, Caucasians
viewed black-colored drugs as stimulants and analgesics by African-Americans (Bhugra &
Ventriglio, 2015).

Other studies, such as the one done in 2010 by Khan et al, investigated whether pharmaceutical
companies considered patients’ perception of drugs’ colors and shapes in manufacturing medicine.
Their results were surprising that even though enough literature suggested a strong relation
between drug colors and their effects, pharmaceutical companies were not taking advantage of
these findings (Khan, et al., 2010). In 2015, a group of researchers performed two experiments via
an online survey to study the expectations of certain pill colors and shapes first within the USA,
and the second included people from China, Columbia and USA. (Wan, et al., 2015) The first trial
included 101 participants from which four were excluded due the fact that they were color vision
deficient. The remaining participants compared the effects of red, blue, green, light red, light blue,

light green and white, with regards to four different variables: expected difficulty of swallowing,

13



expected bitterness, expected alerting effect, and expected effectiveness at treating a headache.
These variables were also compared with the shape of the pill: circle, diamond and oval. There
were certain common color associations such as red having the most alerting effect, and white
being the most effective in treating headaches. However, there were no significant differences
between colors and their lighter versions. Hence, the lighter colors were excluded in the second
trial and new colors were introduced instead, which were pink, yellow and orange. The second
trial included 358 participants from which 18 were excluded due to either being color vision
deficient, or could not correctly identify the colors at the end of the survey. Participants from
China, Columbia and the USA were asked to perform the same tests done in the first trial, but with
different color variations. The results were similar to the first trial with respect to certain colors
such as red and white, but there were also differences in the way participants interpreted the
expected effectiveness of the other colors.

This study is of particular interest given the similarities with our research. It is worth mentioning
that certain limitations faced while conducting the study, such as colorblindness and people who
cannot identify colors correctly, in general, were overcome with the introduction of a color
identification test at the end of the second trial. A key limitation was the use of non-standardized
monitors that had different calibrations, in terms of hue, lightness, and chroma, and which in turn,
affected how participants viewed the colors on their screens (Elliot & Maier, 2014). This issue was
addressed in this dissertation research.

In 2017, an interesting study (Tao, et al., 2017) of the effects of color based on gender and culture
experimented with single-colored capsules on people from China, and compared the results with
previous studies done on Italians, White Americans, Black Americans and Americans overall.
Their findings showed some similarities across the cultures studied such as red being a stimulant,
and blue being a depressant. However, there were various differences with respect to the other
colors. The study also concluded that females are more affected by the color changes than males,

as well as different expectations were formed from two-colored capsules.

In a 2018 study, Tao et al. (Tao, et al., 2018) continued their research on colored pills and stated

that drug colors have an impact on the drug’s perceived efficacy. They also serve as a key
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component in the design of drugs to supports differentiation, therapeutic effects, and adherence of
patients to their medications. Furthermore, drug colors help patients with limited cognitive
abilities, deteriorated memories, and limited health literacy in drug identification. The meanings
of colors are usually learnt early in life, and hold consistent perceptions and expectations,
especially within specific populations. In addition to color, the appearance in general of drugs has
been a major concern for medication management and the safety of patients. Successful labeling
of drugs and their packages have proven to be helpful in preventing medication errors, and in
achieving successful and effective administration of these drugs (Tao, et al., 2018).

A noteworthy result of various studies is the change of color expectation over time and/or cultures.
While blue-colored pills are currently perceived as stimulating following the introduction of
Viagra in 1998, they were previously thought of as having sedative effects (Craen, et al., 1996).
Furthermore, while white pills were previously considered to be the least effective, in comparison
to red and black, they are now perceived as the most effective in combating headaches by
association with Aspirin (Wan, et al., 2015). On the other hand, certain drug colors have continued
to carry the same color association over time and across cultures such as red being associated with
alertness and green with anti-anxiety. Yellow had weak color associations as it was perceived as

hallucinogenic or a stimulant depending on the ethnicity of participants (Tao, et al., 2017).
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CHAPTER 2 - METHODOLOGY

2.1 Psychophysics

2.1.1 Definition

Psychophysics is a term that consists of two parts: the first part relates to the mind and its activities,
and the second part is one of the traditional sciences - physics. One can wonder how the two can
be combined, and what does a field that combines those two parts actually study or even measure?
The answer is simple: the field of psychophysics measures the perception (by the mind) of the

stimuli being presented in an experiment (or real life, of course)!

Other terms are derived from psychophysics, such as “psychophysical techniques”, for example,
which refer to the processes involved in obtaining physical measurements in the field of
psychophysics. Additionally, “psychometric scaling”, is another common term in the field, which
will be the heart of this chapter. It involves understanding the relationship between the different
stimuli involved in the experiment itself. For more information on the history and major

contributions to the field of psychophysics, please refer to Appendix A.

2.1.2 Dimensionality of Scaling

Psychophysical experiments leading to obtaining different types of scales detailed in Appendix B,
can involve one of two types of scaling. They can either involve multidimensional or one-
dimensional scaling, depending on what the participants are being asked to perform. This segment
will discuss the different options that can be presented to observers in a psychophysical experiment
(Engeldrum, 2000; Fairchild, 2013).
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Multidimensional

This type of scaling is referred to as MDS for short. It results in obtaining a spatial picture or a
map. Computer software and algorithms are utilized to obtain the final product. This type of scaling
is useful when there are several dimensions to be considered of a particular perception being
studied, or when the variations in the stimuli are multidimensional. The map obtained, as a result

of MDS, is usually a resemblance of the similarities or the dissimilarities in the data.

One-Dimensional

This type of scaling is rather simpler than the MDS type. As the name suggests, it operates on the
basis that both the property of interest, and the variation of the stimuli is one dimensional. Several
types of this scaling technique have been devised, such as rank order, category scaling, graphical
rating, paired comparisons, partition scaling, magnitude estimation or production, and ratio

estimation or production (Fairchild, 2013).

2.1.3 Category Scaling Method

In category scaling, participants are asked to categorize different stimuli, and the number of times
a stimulus is placed in a certain category gets logged. The Law of Categorical Judgements is used
to obtain an interval scale. That said, an ordinal scale can be obtained as well from this type of

scaling (Engeldrum, 2000).

In rank order scaling experiments, participants are asked to arrange samples in order of increasing
or decreasing manner for a particular property being considered. In this type of scaling, both an
ordinal and an interval scale can be obtained. However, obtaining an interval scale from rank order
data would require certain assumptions to be made and further analysis. Therefore, paired

comparison data are more suitable to be obtained from rank order experiments.

Category scaling was our method of choice for the first two experiments (See Chapters 3 & 4),

given that it is best suited to obtain an interval scale, which is our objective. In this dissertation
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research, there were five colors being tested for: blue, green, red, white, and yellow, which are
described in further details in section 2.2 Stimuli Generation. Participants in the experiment were
presented with five pill-shaped colors, corresponding to the colors listed above, and asked to drag
each of the colors and place them in one of five bins, with the option to place more than one
colored-pill in the same bin. The leftmost bin was labeled LEAST, and rightmost was labeled
MOST, corresponding to least and most effective. This task was repeated six times, each time for

one of six efficacies: sedative, stimulant, anti-anxiety, pain relief, antacid, and hallucinogenic.

Once the experiment was completed, the next step was to analyze the results and generate the
interval scale values. To do so, each of the bins was assigned a number from 1 to 5, where 1
corresponds to the LEAST bin, and 5 corresponds to the MOST bin. This is done to allow for the
calculation of an average value for each color, and for each efficacy. This methodology is simple,
and it is based on the assumption that the intervals are equally sized, but it could pose a potential
limitation if the intervals are not. Another limitation can be where participants did not treat the
tasks as category scaling tasks, but rather as rank order task. The Torgerson’s Law of Categorical
Judgement (Engeldrum, 2000), was used to evaluate whether the results would be affected, in case
participants treated the experiment as a rank-order task. Rank data were converted into interval
scale data by creating a frequency table based on pairwise comparisons of participants’
observations, which was then used to populate a frequency matrix. The next step involved
transforming the proportions into z-scores. Finally, the average of z-scores was used to find the
interval scale estimates. Correlation coefficients were then calculated to evaluate the correlation

between both rank-order data and average responses data.

2.2 Stimuli Generation

The following subsections describe the color stimuli used in this dissertation research: blue, green,
red, white, and yellow. These colors were chosen based on commonly known medications. The
World Color Survey (WCS) was developed for color naming studies (Lindsey & Brown, 2006;
Cook, et al., 1976), which would help explain where our color stimuli stand, in comparison, as

they fit within the “clouds” of the typical color names (See Figure 2.1).
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Figure 2.1 - The WCS color chart and the color patches used in this dissertation research as stimuli

2.2.1 Blue Color

Blue was chosen based on commonly known medications such as Panadol Night pills.

The sRGB values of the blue color used in this dissertation research are 116, 133, 195.

This shade of blue has a gray component in it, and falls within the range of shades
referred to as having a soothing effect, due to being darker and less harsh than bright, true, and
neon shades of blue (Olsesen, n.d.). Looking at Figure 2.1, this shade of blue is among the shades

of blue closer to the purple side, rather than the opposite green side (Lindsey & Brown, 2006).

2.2.2 Green Color

Known medications such as Nyquil pill inspired our choice for the green shade of
color. The sRGB values of the green color used in this dissertation research are 85,
143, 65. This shade of green falls within the range of shades referred to as balanced

greens with a calming effect (Olsesen, n.d.). In comparison to the WCS color set in Figure 2.1, this
shade of green is right next to the brownish greens, yet, not among the darkest greens (Lindsey &
Brown, 2006).
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2.2.3 Red Color

The red shade was chosen based on its closeness to an ibuprofen pill, which is a

commonly known medication. The sRGB values of the red color used in this

dissertation research are 193, 58, 60. In comparison with WCS color set (See Figure
2.1), this shade of red happens to be among the darker ones, and right next to the brownish reds
(Lindsey & Brown, 2006).

2.2.4 White Color

White was chosen based on its resemblance with commonly known medications such

as Aspirin, as well as many others. The SRGB values of the white color used in this

dissertation research are 255, 255, 255. This white has equal amounts of red, green,

and blue components, and therefore is referred to as the Standard White being pure and bright.

2.2.5 Yellow Color

The yellow shade of color was chosen based on its resemblance with a Tylenol Cold

and Flu pill, acommonly known medication, as well. The SRGB values of the yellow

color used in this dissertation research are 255, 247, 107. This shade is among the
light shades of yellow, and they are usually referred to as bright, pale, very light, and pretty
(Olsesen, n.d.). Looking at the WCS color set (See Figure 2.1), this shade of yellow happens to be

among the lightest yellows, with neither orange nor green tints to it (Lindsey & Brown, 2006).

2.3 Non-Parametric Statistics

Data collected in this dissertation research were analyzed using non-parametric statistics given the
ordinal type of the data and its non-normal distribution. Kruskal-Wallis tests were initially
performed to analyze the expected effect of color on each of the efficacies, which were then
followed by post hoc Mann-Whitney / Wilcoxon rank-sum tests for pairwise comparisons of the

stimuli colors. A Holms-Bonferroni correction was applied for every combination of two colors,
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and the Cohen d effect size was also calculated as per Sawilowsky’s interpretation of Cohen’s
effect sizes (Sawilowsky, 2009). The same approach was subsequently followed to test the
expected effect of color, and the ethnicity, age, and location demographics for each efficacy
separately. It is worth noting that colors were plotted on figures based on their mean ranks divided
by the sample size to simplify the visual representation of the results, and that higher ranks denote

a higher rating of the expected efficacy.

2.4 Average Responses & 95% Confidence Intervals

Participants’ responses were categorized based on demographics, and averages were calculated for
each demographical category, by color and by efficacy. These are referred to as average responses
in this dissertation research. Moreover, a 95% confidence interval (range) was calculated for each
of the average responses. This means that with a 95% degree of certainty, we are confident that
the average responses fall within a specific range. The following formula is used to calculate

confidence intervals:

— S
Cl=X+7Z—
Vn

Where X is the average, Z is the confidence level, s is the standard deviation, and n is the number
of participants. Confidence intervals tend to be generally larger for demographic groups with
smaller numbers of observations and hence, the results may be less reliable. Observed trends are
more meaningful where the size of a mean difference is larger than the size of the corresponding
confidence intervals (Moore, et al., 2011; Fairchild, 2013).

2.5 Analysis of Variance (ANOVA)

The collected data was also analyzed using the Analysis of Variance (ANOVA) statistical testing
techniqgue. ANOVA is used to test if there are statistical differences between the average responses
of demographical groups, and their interactions with colors and efficacies, and determines whether
these differences are significant or not. ANOVA requires two sets of variables: independent and
dependent. Independent variables are those that are not affected by other variables, while

dependent variables are those that are being tested for in an experiment. As output, ANOVA
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produces what is called a p-value, which is probability that the results are random. p-values of <
0.05 indicate significant results, which warrant further investigation. In this dissertation research,
ANOVA was used to analyze the entire set of data, and to explore the interaction effects of
demographic categories with participants’ color choices. Because the categories contain differing
numbers of observations, the independent variables in the ANOVA are unbalanced. Although the
use of ANOVA may be considered imperfect for such research analyses, it provides useful insights
into the significance of the demographics and their interactions with color, especially to identify

demographic interaction effects that justify further investigation.

2.6 Factor Analysis

There are several data dimensionality reduction techniques which aim to reduce the number of
observed variables in large data sets to a more manageable and explainable number of unobserved
factors. Factor Analysis (FA) is one of the most common statistical methods for dimensionality
reduction, which assumes the existence of a linear relationship and a correlation between the
observed variables and a predetermined number of unobserved factors (Wirth & Edwards, 2007;
Goretzko, et al., 2021). Furthermore, FA enables the output to be rotated, according to one of
several methods, in order to simplify the interpretation of the solution. FA was used in this
dissertation research, with a Promax rotation solution which performs an oblique rotation on the

data collected in survey 3 covering the associations’ data (See Chapter 5).
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CHAPTER 3 - SURVEY 1: THE FIRST EXPERIMENT AT RIT’S USA AND UAE
CAMPUSES

This chapter details the first experiment - Survey 1. This survey was performed on standardized
iPad devices at two of RIT’s global campuses; in the USA, and UAE. Five colors were used as
stimuli: blue, green, red, white and yellow, and six efficacies were considered: sedative, stimulant,
anti-anxiety, pain relief, antacid, and hallucinogenic. Participants in this survey were asked to rate
the colors in terms of most to least effective for each of the efficacies. Data collected were analyzed
using non-parametric statistics given the ordinal type of the data and its non-normal distribution.

3.1 Method

This experiment was reviewed and approved by RIT’s Human Subjects Research Office. Given
that the experiment was done through an interactive web survey at two distinct geographical
locations: the RIT USA and UAE campuses, it was important to standardize the way the survey
was conducted. Three identical devices of Apple iPad (7" Generation with a 10.2-inch display)
were used with exactly the same screen parameter and display settings: brightness set to a
maximum, and device configured to have no applications except for the browser set to access only
the survey webpages by default. It is worth noting that no specific sampling technique was
employed, as the intention was for maximum participation. Data were collected at the USA campus
with the aid of student volunteers, who toured the various venues soliciting participants to take the
survey. On the other hand, the same devices were positioned at a central location in the UAE
campus, and mass emails were sent periodically to encourage faculty, staff and students to take
the survey at the designated location. While the intention of the survey was to run throughout the
academic semester, the data collection ended when both campuses were shut down due to the surge
of COVID infections globally. However, data were collected from 339 participants covering the
demographics. In addition, the survey itself was designed and developed to take participants

through six steps as follows:
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. Consent Form: initial page where participants agree to take the survey.

. Sign-up page: participants were required to register. The same RIT username can only be used
once. It is worth noting that in order to keep the survey anonymous, the RIT usernames were
stored separately from the results.

. Color identification test: to eliminate participants who cannot identify colors by asking them to
match the colors blue, green, red, yellow, orange, pink, and grey with the corresponding labels.
Prior to doing the Color Identification Test, participants were presented with an automated
demo to explain how it should be done. (See Figure 3.1).

. Demographics questionnaire: participants were asked to specify their age bracket, gender,
ethnic background, educational level, and pill usage frequency using the categories in Table
3.1.

. Six tasks: participants in each task, were asked to arrange pill-shaped images having blue, green,
red, white, and yellow colors according to one of the following perceived effects: sedative,
stimulant, anti-anxiety, pain relief, antacid and hallucinogenic. The order of the tasks was the
same for all participants. Based on psychometric scaling, the category scaling method was used
where participants arranged the pills in a drag-and-drop fashion into five locations. The leftmost
location was labeled LEAST effective and the rightmost was labeled MOST effective. In the
analysis, each location was designated a value from 1 to 5, 1 being least effective and 5 being
most effective. Multiple pill colors could be placed at any location, as it was not meant to be a
rank-order task. Participants were not able to move to the next task until they completed the
current one. Otherwise, they were prompted to complete the task at hand (See Figure 3.2 and
Figure 3.3). Prior to conducting the tasks, participants were presented with an automated demo
to explain how the tasks should be done.

. Closing page: to thank the participants for taking the survey.

Table 3.1 - Demographics’ categories provided to participants

Age Gender Ethnicity Education Level Pill Usage
Frequency

Under 20 Female African Below University Level Rarely

20-39 Male Asian Undergraduate Moderately

40 to 60 European Graduate Daily

Over 60 Middle-Eastern

North American
South American
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Figure 3.2 - Experiment screen where participants rated colored-pills
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Experiment 36
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Figure 3.3 - Participants can place more than one pill at each location

3.1.1 Color Stimuli

The color stimuli used in the surveys were measured in all three iPads at the lab using a Konica-
Minolta CS-2000 spectroradiometer, setup with a 60 W incandescent bulb, and at a 45° angle. The
color input SRGB values and measured CIE 1931 XYZ and CIELAB values for the five colors
(blue, green, red, white and yellow) which are representatives of the chosen pill colors are
presented in Table 3.2. It is worth noting that the iPads’ color was not exactly sSRGB, but the three
iPads are very similar to one another. Also, Figure 3.4 shows the a*b* plot, while Figure 3.5 and
Figure 3.6 show the L* C*ap and L* hay plots, respectively, for the same pill colors across the three
iPads. It is interesting to note that by examining the plots, it is clear that the red stimulus
demonstrates the least consistency, followed by yellow, blue, while green demonstrates the most
consistency across all three devices. This is also supported by the Table 3.3, where the AEqo values
are in that order as well. AEqo was calculated using the following equation:

AL* \? AC* \? AH* \2 AC* \ [ AH*
AEOO - \/(kLSL) + (kCSC) T (kHSH) + RT (k(;SC) (kHSH)
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Table 3.2 - Pill color input SRGB values and measured CIE 1931 XYZ and CIELAB values

Color R G B X Y Z L* a* b* C*ap  hap
iPad 1
Blue 116 133 195 130 125 283 58 10 -34 36 286°
Green 85 143 65 76 115 43 56 -36 37 52 134
Red 193 58 60 114 68 24 44 54 32 63 31°
White 255 255 255 464 486 538 100 0 0 0 0°
Yellow 255 247 107 394 454 139 97 -15 68 70 103°
iPad 2
Blue 116 133 195 129 123 281 58 9 -33 35 285°
Green 85 143 65 75 113 43 56 -36 38 52  133°
Red 193 58 60 119 71 28 45 54 31 62 30°
White 255 255 255 459 479 542 100 0 0 0 0°
Yellow 255 247 107 381 440 142 97 -16 67 69 104°
iPad 3
Blue 116 133 195 125 119 273 58 10 -34 36 286°
Green 85 143 65 72 109 41 56 -36 38 52 134
Red 193 58 60 113 67 23 45 55 34 65 32°
White 255 255 255 432 450 508 100 0 0 0 0°
Yellow 255 247 107 369 425 133 98 -16 68 70 103

Table 3.3 - Results of AEqo comparison of all three iPads

Color iPad 1 iPad 2 iPad 3
Blue 0.30 0.25 0.40
Green 0.18 0.14 0.28
Red 0.85 0.78 0.89
White 0.00 0.00 0.00
Yellow 0.26 0.48 0.30
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3.2 Results

The number of responses from the 339 participants based on demographics can be seen in Table
3.4. Data were collected over a two-month period and the results were analyzed using non-
parametric statistics given the ordinal type of the data and its non-normal distribution. The first set
of Kruskal-Wallis tests were performed to analyze the expected effect of color on each of the six
efficacies, which were then followed by post hoc Mann-Whitney / Wilcoxon rank-sum tests for
pairwise comparisons of the five stimuli colors. A Holms-Bonferroni correction was applied for
every combination of two colors, and the Cohen d effect size was also calculated as per
Sawilowsky’s interpretation of Cohen’s effect sizes (Sawilowsky, 2009). The same approach was
subsequently followed to test the expected effect of color and the three prioritized demographics
(Ethnicity, Age, Location) for each efficacy separately. They are prioritized because they may be
easily targeted by pharmaceutical companies as part of their pill design process, as well as their
marketing campaigns and communication strategies. It is worth noting that colors were plotted on
figures based on their mean ranks divided by the sample size to simplify the visual representation
of the results, and that higher ranks denote a higher rating of the expected efficacy. The data was
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also analyzed based on average responses per demographic categories, and using the Analysis of
Variance (ANOVA) statistical testing (See Appendix C). However, due to the non-normal
distribution of the data and given the fact that the nature of the data being ordinal, the use of non-
parametric data analysis methods was preferred, while the other methods were preserved in the

appendix to cater for different readers’ preferences.

Table 3.4 - Participants’ responses based on demographics

Demographics No. of Responses
Location
USA 240
UAE 99
Gender
Males 168
Females 168
Prefer not to say * 3
Age Group **
Under 20 78
20 to 39 189
Over 39 72
Pill Usage Frequency
Rarely 203
Moderately 35
Daily 99
Prefer not to say * 2
Ethnicity
African 17
Asian 93
European 47
Middle Eastern 48
North American 124
South American 10
Educational Level **
Below University Level 27
Undergraduate 192
Graduate 120

* Responses which were excluded from the analysis
** Includes groups which were collapsed into other groups due to small sample sizes
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Table 3.5 - The results of the pairwise comparisons* of the post hoc Mann-Whitney / Wilcoxon
rank-sum tests by color and efficacy, including p-values and interpreted Cohen’s d effect size**.
Sedative Stimulant Anti-anxiety Pain Relief Antacid Hallucinogenic

p d p d p d p d

<0.001 S 0045 VS 0664 VS <0.001 S
<0.001 M 0353 VS 0521 VS <0.001 S
0.991 VS 0.007 VS 0.835 NI 0.013 VS
0.033 VS 0226 VS <0001 S <0.001 S
<0.001 M 0521 VS 0415 VS 0.900 VS
<0.001 S <0.001 S 0946 VS <0.001 S
0.088 VS 0302 VS <0001 S 0.383 VS
<0.001 M 0.001 S 0.446 VS <0.001 S
Red Yellow 0.028 VS <0.001 <0.001 M 0885 VS <0001 S 0.513 VS
White  Yellow 0.729 VS  <0.001 0.040 VS <0001 S 0.004 S <0.001 M

* Boldface values denote significance after Holms-Bonferroni correction.
** Cohen d effect size according to Sawilowsky’s interpretation of effect sizes: VS=Very Small,
S=Small, M=Medium, L=Large, VL=Very Large, H=Huge. Otherwise, NI=No Improvement.

Grgup Gr;)up D d D

Blue Green 0.005 S <0.001
Blue Red 0479 VS <0.001
Blue White 0.050 VS 0.112
Blue Yellow 0.069 VS <0.001
Green Red 0.001 ) <0.001
Green White 0.525 VS <0.001
Green Yellow 0.344 VS 0.557
Red White 0.010 VS <0.001

TrSugSrola

<

3.2.2 Color Effect Based on Ethnicity by Efficacy

The data were split by ethnic group, and for each group, Kruskal-Wallis tests were performed to
analyze the expected effect of per efficacy; results are listed in Table 3.6. The data showed a
significant result for the expected effect of color on the sedative efficacy for Asians, Europeans,
and Middle Easterners. For the stimulant efficacy, all ethnicities with the exception of South
Americans, had a significant effect, while the results of only Europeans and North Americans
revealed a significant effect for the anti-anxiety efficacy. None of the Kruskal-Wallis tests revealed
a significant effect of color for the pain relief efficacy. Furthermore, the data showed a significant
result for the expected effect of color on the antacid efficacy for North and South Americans.
Finally, the results for Asians, Europeans, and North Americans showed significance for the
expected effect of color on the hallucinogenic efficacy.

Following each significant Kruskal-Wallis test result, post hoc Mann-Whitney / Wilcoxon rank-
sum tests were performed with a Holms-Bonferroni correction and the effect size was calculated.
The results are summarized in Table C1 in the appendix. Additionally, Figure 3.8 visualizes the
relationships between the colors by ethnicity for every efficacy. Significant Kruskal-Wallis results
are represented by gray shaded shapes and further elaborated below, while non-significant
Kruskal-Wallis results are represented by orange shaded shapes. It is worth noting that for Africans
(N=17), their Kruskal-Wallis test results were only significant for the stimulant efficacy, where
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colors. The below university level group ranked blue significantly the highest for the anti-anxiety
efficacy, while undergraduate and graduates ranked blue and white significantly the highest than
all other colors, but were not significantly different than one other for the same efficacy. As for
the pain relief efficacy, undergraduates ranked white significantly the highest and green
significantly the lowest than all other colors, while white was ranked significantly the highest by
graduates’ group. With regards to the antacid efficacy, all colors were ranked significantly
different than each other by graduates in the following highest to lowest order: white, yellow, blue,
green, then red. Finally, white was ranked significantly the lowest by all education levels than the

other colors for the hallucinogenic efficacy.

Table 4.8 - The Kruskal-Wallis test results by education level and efficacy

Sedative Stimulant Anti-anxiety Pain Relief Antacid Hallucinogenic
Education Level X2 p X2 p X2 p X2 p X2 p X2 p
Below Uni. Level ~ 20.01 0.0005 6325 <0.001 57.38 <0.001 1841 0.0010 7.00 0.1357 35.06 <0.001

Undergraduate 107.46 <0.001 190.89 <0.001 266.11 <0.001 154.99 <0.001 62.74 <0.001 70.37 <0.001
Graduate 129.42 <0.001 19225 <0.001 331.64 <0.001 132.61 <0.001 177.17 <0.001 91.65 <0.001

- Boldface values denote p < 0.05.

4.2.7 Color Effect Based on Gender by Efficacy

Kruskal-Wallis tests were performed to analyze the expected effect of color for each gender per
efficacy and the results are listed in Table 4.9. The data showed a significant result for the expected

effect of color on all efficacies by both males and females.

As in Figure 4.3 and Table C3 in the appendix, males ranked blue significantly the highest for the
sedative efficacy, while blue and white were not significantly different than each other, but were
ranked significantly higher than yellow, red, and green by females for the same efficacy. Both
genders ranked red significantly the highest for the stimulant efficacy, and significantly the lowest
for the anti-anxiety efficacy than the rest of the colors. White was ranked significantly the highest
by both genders, while females ranked green significantly the lowest than all other colors for the
pain relief efficacy. As for the antacid efficacy, males and females ranked green and red
significantly the lowest than all other colors, but they were not significantly different than each
other. Finally, white was ranked significantly the lowest by males and females than the other colors

for the hallucinogenic efficacy.
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Table 4.9 - The Kruskal-Wallis test results by gender and efficacy

Sedative Stimulant Anti-anxiety Pain Relief Antacid Hallucinogenic
Gender X2 p X2 p X2 p X2 p X2 p X2 p
Male 40.59 <0.001 249.43 <0.001 169.63 <0.001 85.41 <0.001 32.20 <0.001 109.94 <0.001
Female 236.96 <0.001 221.99 <0.001 494.17 <0.001 215.88 <0.001 19553 <0.001 85.02 <0.001

- Boldface values denote p < 0.05.
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Figure 4.2 - Color Rankings by prioritized demographics and by efficacy based on mean ranks.
Gray shaded ellipses enclose groups of colors between which no significant difference was found.
Orange shaded ellipses denote non-significant Kruskal-Wallis results.
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to dominate the other? Our expectation can be the stimulant, which is related to warm colors over

the sedative one, which is related to cold colors.

The third scenario, which is the simplest, would be if both colors have the same perceived effect
on efficacies, such as the case of a red and yellow capsule, where both have been associated with
the stimulant efficacy, and this in turn, would be the overall perception and expectation of the
capsule’s efficacy. All of the three scenarios mentioned above make an interesting area to explore

in future research.

6.4 Looking Ahead

The expected color association is thought to be a learnt behavior through different experiences and
phases of people’s lives. These experiences can be learned through one’s ethnic background since
colors have different meanings and symbolism in different cultures. Also, age groups differ in the
type of medical exposures and frequencies of pill-taking habits. As mentioned by Kramer, several
color associations can either strengthen or weaken by age (Kramer & Prior, 2019). The educational
background affects the person’s exposure to science, chemicals, and compounds, and in turn the
overall knowledge gained. All these contribute to different beliefs that together form the expected
color association and effectively alter the overall drug’s medicinal effect by the concept of power

of suggestion.

In conclusion and as a result of this and related studies, while pharmaceutical companies still utilize
the color white as the conventional color for pills (See Figure 1.1), and while color selection is
primarily based on intuition rather than actual science (Lechner, et al., 2012), it is evident that
color does have an impact on human’s perception of pills’ effectiveness, and more specifically,
certain demographics do have a particular impact depending on the color chosen thereby
supporting our hypotheses. The person’s demographics, such as their location, age, pill usage
frequency, ethnicity, and/or educational level can significantly impact their judgement. The results
support previous studies that compared a variety of demographics with different efficacies. While

such demographics will help us understand the reasoning behind such choices in future studies,
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selected ones can be the focus of pharmaceutical companies while designing and manufacturing
their medications and supplements, such as ethnicity, age and location, as this will only help
increase the drugs’ effectiveness and compliance rates (Roullet & Droulers, 2005; Baguley, et al.,
2012; Mayor, 2013; Blazhenkova & Dogerlioglu-Demir, 2020).

Looking ahead, and with the amount of data collected so far from this dissertation research, an
online tool, ColorInPharma has been developed to bring all this information together to help
provide general and specific guidance to pharmaceutical companies and medical practitioners on
recommended pill colors. Users of the tool are able to find trends of colors and expected efficacies,
and to filter based on demographics to obtain a recommendation and view related statistics. An
example of a general recommendation can be such as red being the most suited choice for a
stimulant pill. A more specific example can be: The choice of color for an anti-anxiety pill for a

42-year-old European male living in the USA would be a blue one.

http://www.ColorInPharma.com

Now Available!
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APPENDIX A - HISTORY & CONTRIBUTIONS

The field of psychophysics existed for the last 200 years, and the early advancements in this field
can be attributed to these founders: Ernst Heinrich Weber, Gustav Fechner, and Stanley Smith
Stevens (Fairchild, 2013).

Ernst Heinrich Weber

Weber, a German physician, who studied sensory responses to stimuli, was
interested in measuring the perception of weight. His experiment included
asking participants to lift a particular weight, and him adding on more weight
to it, until participants can recognize the difference in the weight, which is

currently referred to as the threshold. This resulted in obtaining the following

relationship which is currently known as Weber’s law, shown below:

Al
_:K
I

Where I is the magnitude of the stimulus, and Al is the change in the magnitude of the stimulus to
be able to reach the threshold (Fairchild, 2013).

Gustav Theodor Fechner

Gustav Theodor Fechner, who is another founder of psychophysics, was a
German experimental psychologist, philosopher, and a physicist. Gustav
built on Weber’s work to establish a relationship between the magnitude of
the perception and the strength of the stimulus. His experimentation was
based on Weber’s law, and lead to one of his own, known as Fechner’s law,

which demonstrates a nonlinear relationship between the actual

measurement and the perceived magnitude of it. However, Fechner’s law is only valid for most

perceptions, as it is not completely accurate for all perceptions (Fairchild, 2013).
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Stanley Smith Stevens

Stanley Smith Stevens, an American psychologist who tested Fechner’s law
on 30 different perceptions, and was able to refine Fechner’s law. Steven’s
power law demonstrates that the relationship between the magnitude of the
perception and the strength of the stimulus has different exponents for
different perceptions. Steven’s power law is as follows:
(1) = kI?

Where | is the strength of the stimulus, ¥(l) is the magnitude of perception, a is the exponent,
and k is the constant (Fairchild, 2013).
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Table C3 - The results of the pairwise comparisons of the post hoc Mann-Whitney / Wilcoxon rank-sum tests by location and efficacy, including p-values and interpreted Cohen’s
d effect size**.

Sedative Stimulant Anti-anxiety
UAE USA UAE USA UAE USA

Group 1 Group 2 p d p d p p d p d p d
Blue Green 0.789 VS 0.002 0.002 S <0.001 S 0.708 VS <0.001 S
Blue Red 0.059 S 0.795 VS <0.001 L <0.001 0.001 S <0.001 L
Blue White 0.221 VS 0.098 VS 0.094 VS 0.441 VS 0.534 VS 0.567 VS
Blue Yellow 0.848 NI 0.021 S 0.321 VS  <0.001 M 0.330 VS 0.052 VS
Green Red 0.008 S 0.032 S < 0.001 S <0.001 M 0.002 S <0.001 M
Green White 0.642 VS 0.274 VS <0.001 M <0.001 S 0.204 VS 0.001 S
Green Yellow 0.602 VS 0.394 VS 0.046 S 0.065 VS 0.388 VS 0.009 S
Red White 0.008 S 0.174 VS <0.001 L <0.001 L 0.001 S <0.001 M
Red Yellow 0.037 S 0.241 VS <0.001 M <0.001 S 0.008 S <0.001 L
White Yellow 0.355 VS 0.773 VS <0.001 S <0.001 M 0.108 S 0.209 VS

Pain Relief Antacid Hallucinogenic
UAE USA UAE USA UAE USA

Group 1 Group 2 p d p d p d p d p d p d
Blue Green 0.550 VS 0.043 VS 0.882 NI 0.681 VS - - <0.001 S
Blue Red 0.196 VS 0.818 VS 0.114 S 0.771 VS - - <0.001 S
Blue White 0.025 S 0.081 VS 0.734 VS 0.981 NI - - 0.001 S
Blue Yellow 0.173 S 0.606 VS 0.055 S 0.001 S - - <0.001 S
Green Red 0.433 VS 0.193 VS 0.108 S 0.914 VS - - 0.634 VS
Green White 0.004 S <0.001 S 0.690 VS 0.861 VS - - <0.001 M
Green Yellow 0.467 VS 0.075 VS 0.075 S 0.002 S - - 0.592 VS
Red White 0.001 S 0.083 VS 0.090 S 0.858 VS - - <0.001 M
Red Yellow 0.892 NI 0.772 VS 0.002 S 0.014 S - - 0.974 VS
White Yellow <0.001 M 0.019 VS 0.274 VS 0.007 S - - <0.001 M

* Boldface values denote significance after Holms-Bonferroni correction.

** Cohen d effect size according to Sawilowsky’s interpretation of effect sizes: VS=Very Small, S=Small, M=Medium, L=Large, VL=Very Large, H=Huge. Otherwise, NI=No
Improvement.
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Table C4 - The results of the pairwise comparisons of the post hoc Mann-Whitney / Wilcoxon rank-sum tests by pill usage frequency and efficacy, including p-values and interpreted Cohen’s
d effect size**.

Sedative Stimulant Anti-anxiety
Rarely Moderately Daily Rarely Moderately Daily Rarely Moderately Daily

Groupl Group2 p d p d p d p d p d p d p d p d p d
Blue Green  0.0285 S - - - - <0001 M 00777 S 00055 S 00175 S  0.3466 S 0.0062 S
Blue Red 0.0097 S - - - - <0001 L 00088 M <0001 L <0.001 0.0001 L  <0.001 L
Blue White  0.0018 S - - - - 0.0066 VS 0.4855 VS 07204 VS 03432 VS 04394 VS  0.4159 VS
Blue Yellow 0.0168 S - - - - <0001 s 0.0060 M <0.001 0.0394 VS 07126 VS  0.4609 VS
Green Red <0001 S - . - . <0001 M 01391 s <0001 Mm <0001 S  0.0007 L <0001l M
Green White  0.2790 VS - . - . <0001 M 03764 S 00517 S 0.1729 VS  0.0988 S 0.0005 S
Green Yellow 0.7068 VS - . - . 03798 VS 03032 S 0083 S 0.7467 VS 05186 VS  0.0256 S
Red White <0001 s - . - . <0001 | 0058 S <0001 M <0001 s <0001 L <0001 L
Red Yellow <0001 g - - - - <0001 M 04553 VS 00035 S <0001 s  0.0001 L <0.001 L
White Yellow 0.2409 VS - - - - <0001 M 00740 S 00012 S 0.3114 VS  0.2687 S 0.1050 VS

Pain Relief Antacid Hallucinogenic
Rarely Moderately Daily Rarely Moderately Daily Rarely Moderately Daily

Groupl Group2 p d p d p d p d p d p d p d p d p d
Blue Green 01452 VS 04032 S 02990 VS - - - - 07545 VS 0.0002 S - - 0.0284 S
Blue Red 06031 VS 01774 S 0.0890 S - - - - 01563 S 0.0005 S - - 0.0999 S
Blue White  0.0834 VS 00674 S 0.1390 VS - - - - 00748 S 0.0085 VS - - 0.3358 VS
Blue Yellow 0.6766 VS 0.1047 S 0.4980 VS - - - - 0.0009 S <0.001 S - - 0.0117 S
Green Red 0.0947 VS 06156 VS 04025 VS - - - - 00929 S 0.7966 NI - - 0.7607 VS
Green White  0.0032 S 00072 M 00121 S - - - - 01188 VS <0001 M - - 0.0113 S
Green Yellow 0.1872 VS 04609 VS 06764 VS - - - - 00018 S 0.5606 VS - - 0.7422 VS
Red White  0.2514 VS 0.0076 M 0.0062 S - - - - 00052 S <0001 M - - 0.0264 S
Red Yellow 0.3495 VS 0.9449 VS 0.2482 VS - - - - <0001 M 0.8844 VS - - 0.5019 VS
White Yellow 0.0350 VS 0.0003 L 00206 S - - - - 02481 S <0.001 M - - 0.0039 S

* Boldface values denote significance after Holms-Bonferroni correction.

** Cohen d effect size according to Sawilowsky’s interpretation of effect sizes: VS=Very Small, S=Small, M=Medium, L=Large, VL=Very Large, H=Huge. Otherwise, NI=No Improvement.
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Table C5 - The results of the pairwise comparisons of the post hoc Mann-Whitney / Wilcoxon rank-sum tests by education level and efficacy, including p-values and interpreted Cohen’s d
effect size**.

Sedative Stimulant Anti-anxiety
Below Below Below
University Undergraduate Graduate University Undergraduate Graduate University  Undergraduate Graduate
Level Level Level
Groupl Group2 p d p d p d p d p d p d p d p d p
Blue Green - - 0.0032 S - - 0.0026 L 0.0003 S 0.0001 M - - 0.0167 S 0.0065
Blue Red - - 0.2447 VS - - 0.0001 VL <0.001 L <0.001 L - - <0.001 M <0.001
Blue White - - 00739 VS - - 0.6157 VS 0.2599 VS 0.2950 VS - - 0.5544 VS  0.5968 VS
Blue Yellow - - 0.0811 VS - - 0.0279 M 0.0001 S <0.001 M - - 0.1733 VS 0.1530 VS
Green Red - - 0.0002 S - - 0.0117 M <0.001 M 0.0015 S - - <0.001 M <0.001 M
Green White - - 0.4243 VS - - 0.0225 M 0.0001 S <0.001 M - - 0.0046 S 0.0302 S
Green Yellow - - 02141 VS - - 0.6558 VS 0.7737 VS 0.4528 VS - - 0.2501 VS  0.1497 S
Red White - - 00066 S - - 0.0002 L <0001 | <0001 L - - <0001 M <0001 L
Red Yellow - - 00080 S - - 00323 M <0001 M 00062 S - - <0001 M <0001 L
White Yellow - - 07992 VS - - 00352 M <0001 s <0001 M - - 00566 VS 0.3662 Vs
Pain Relief Antacid Hallucinogenic
Below Below Below
University Undergraduate Graduate University Undergraduate Graduate University  Undergraduate Graduate
Level Level Level
Groupl Group2 p d p d p d p d p d p d p d p d p d

Blue Green - - 0.0280 S - - - - 0.6598 VS - - - - 0.0008 S 0.0104 S
Blue Red - - 0.0765 VS - - - - 07627 VS - - - - 0.0015 S 0.0094 S
Blue White - - 0.0079 S - - - - 08021 VS - - - - 0.2822 VS 0.0122 S
Blue Yellow - - 0.3408 VS - - - - 0.0002 S - - - - 0.0002 S 0.0001 M
Green Red - - 0.8631 NI - - - - 06163 VS - - - - 0.9168 NI 0.6751 VS
Green White - - <0.001 S - - - - 06609 VS - - - - 0.0010 S <0.001
Green Yellow - - 0.1423 VS - - - - 0.0009 S - - - - 0.9584 VS 0.1502 S
Red White - - 0.0001 S - - - - 09415 NI - - - - 0.0012 S <0.001
Red Yellow - - 0.3209 VS - - - - 0.0022 S - - - - 0.9429 VS 0.4031 VS
White Yellow - - 0.0002 S - - - - 0.0027 S - - - - 0.0007 S <0.001 L

* Boldface values denote significance after Holms-Bonferroni correction.
** Cohen d effect size according to Sawilowsky’s interpretation of effect sizes: VS=Very Small, S=Small, M=Medium, L=Large, VL=Very Large, H=Huge. Otherwise, NI=No Improvement.
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Table C6 - The results of the pairwise comparisons of the post hoc Mann-Whitney / Wilcoxon rank-sum tests by gender and efficacy, including p-values and interpreted Cohen’s d
effect size**.

Sedative Stimulant Anti-anxiety
Male Female Male Female Male Female
Group 1 Group 2 p d p d p d p d p d p d

Blue Green 0.0538 S - - 0.0003 S <0001 M 0.2229 VS 0.0001

Blue Red 0.1654 VS - - <0.001 L <0.001 L <0.001 M <0.001

Blue White 0.0271 S - - 00318 VS 08960 VS 0.8170 VS 0.8291 VS
Blue Yellow 0.1484 VS - - 0.0002 S <0001 M 0.2431 VS 0.0656 VS
Green Red 0.0010 S - - <0001 v  <0.001 S <0.001 M <0.001 M
Green White 0.6746 VS - - <0001 m 0.0001 S 0.2363 VS 0.0003 S
Green Yellow 0.6731 VS - - 09391 VS 04663 VS 0.9509 NI 0.0216 S
Red White 0.0015 S - - <0.001 L <0001 M <0.001 M <0.001 L
Red Yellow 0.0052 S - - <0001 m 0.0001 S <0.001 M <0.001 L
White Yellow 0.3282 VS - - <0001 M <0001 M 0.2997 &S 0.0634 VS

Pain Relief Antacid Hallucinogenic
Male Female Male Female Male Female
Group 1 Group 2 p d p d p d p d p d p d

Blue Green 0.0699 VS 0.3361 VS - - 0.8784 VS 0.0006 S 0.0054

Blue Red 0.4744 VS 0.5761 VS - - 0.3855 VS 0.0023 S 0.0084 S
Blue White 0.0615 VS 0.0503 VS - - 0.2656 VS 0.0245 \&S 0.2119 VS
Blue Yellow 0.1253 VS 0.8929 VS - - 0.0008 S <0.001 M 0.0025 S
Green Red 0.5707 VS 0.7352 VS - - 0.4853 VS 0.9252 \&S 0.9480 VS
Green White 0.0005 S 0.0032 S - - 0.1720 VS <0.001 M 0.0010 S
Green Yellow 0.5693 VS 0.3651 VS - - 0.0003 S 0.3634 \&S 0.7484 VS
Red White 0.0209 S 0.0252 S - - 0.0866 VS <0.001 S 0.0016 S
Red Yellow 0.7113 VS 0.8573 VS - - 0.0003 S 0.4952 \&S 0.8230 VS
White Yellow 0.0009 S 0.0175 S - - 0.1022 S <0.001 M 0.0005 S

* Boldface values denote significance after Holms-Bonferroni correction.
** Cohen d effect size according to Sawilowsky’s interpretation of effect sizes: VS=Very Small, S=Small, M=Medium, L=Large, VL=Very Large, H=Huge. Otherwise, NI=No
Improvement.
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APPENDIX D - SURVEY 1 EXTENDED ANALYSIS

Data from Survey 1 were further analyzed using average responses per demographic categories,
and the Analysis of Variance (ANOVA) statistical testing. The results were split by efficacy to
allow for further analysis. Even though some interaction effects may be lost as a result, this would
allow for deeper exploration of the effects by efficacy. Figure D1 demonstrates that color had an
overall effect on the perception of participants with regards to the six efficacies tested based on
mean responses. It also shows the relative expectations of all colors tested per efficacy.
Specifically, for the sedative efficacy, red-colored pills, followed closely by blue-colored pills,
were both expected to be the most effective, while green-colored pills were expected to be the least
effective for that particular efficacy. For the stimulant efficacy, the expectation of red-colored pills
to be the most effective, stood out by far, while white and blue-colored pills were chosen to be the
least associated with stimulants. As for the anti-anxiety efficacy, blue and white-colored pills were
what the majority of participants agreed on to be the most effective. On the other hand, it is clear
that red was the least desirable for the treatment of anxiety by a large margin. As expected from
previous literature, white-colored pills were mostly chosen for pain relief. As for the antacid
efficacy, yellow-colored pills were the top choice for participants. Yellow-colored pills were also
perceived by the majority to have the most hallucinogenic effects, followed closely by green and

red-colored pills. White was clearly the least desired color for participants for this particular

efficacy.
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Figure D1 - Average responses with 95% Confidence Intervals based on effiéacy and color
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ANOVA

ANOVA statistical testing was then used on the entire set of data to explore the interaction effects
of demographic categories with participants’ color choices. Because the categories contain
differing numbers of observations, the independent variables in the ANOVA are unbalanced.
Although the use of ANOVA may be considered imperfect for such studies, it provides useful
insight into the significance of the demographics and their interactions with color, especially to
identify demographic interaction effects that justify further investigation. In Table D7, where
significant p-values equal, or below an alpha level of 0.05 are highlighted, it is clear that color has
an interaction effect with all demographics except for Gender. It may be surprising that color, as a
main effect, has a p-value of 0.0935, given that color is the primary variable in the study. However,
in the ANOVA, the interaction effects with color are much more important than the main effects.
With significant interaction effects, the corresponding main effect(s) may not be significant
depending on whether trends “cross” or go in the same direction, so we don’t draw strong

conclusions from the p-values of the main effects.

Table D7 - Overall ANOVA testing results p-value <0.05
Demographic Sum Sq. d.f. Mean Sq. F p-values
Location 2.2 1 2.1675 1.12 0.2907
Gender 1.4 2 0.6797 0.35 0.7046
Age 42.9 3 14.2973 7.36 0.0001
Pill Frequency 23.7 4 5.9127 3.05 0.0161
Ethnicity 42.1 5 8.4235 4.34 0.0006
Education 3.7 2 1.8276 0.94 0.3901
Efficacy 34.2 5 6.8457 3.53 0.0035
Color 154 4 3.8584 1.99 0.0935
Location*Color 65.8 4 16.4609 8.48 0
Gender*Color 13.3 8 1.6651 0.86 0.5516
Age*Color 47.5 12 3.9548 2.04 0.0178
Pill 147.7 16 9.2289 4.75 0
Frequency*Color

Ethnicity*Color 188.9 20 9.4436 4.86 0
Education*Color 47.1 8 5.8933 3.04 0.0021
Efficacy*Color 967.3 20 48.3664 24.92 0
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