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Determining Consumer Preferences for Floral
Design Elements
Introduction
Floral designers have long been taught that the most important attributes of a floral design are the
elements of line, color, texture, pattern, form, space, and size. Yet, little formal research has been
conducted to determine which of these design elements are truly important to consumers and
drive their purchasing behavior. This project, co-funded by AFE and PMA, seeks to answer this
overarching question and thereby enhance the likelihood of floral purchases in the future.
Specifically, at the conclusion of the study, we wanted to be able to answer the following
questions:
•
•
•
•
•
•
•

Which visual elements of the arrangement or bouquet are noticed first, and longest, by
consumers?
What is the optimal mix of flowers in an arrangement or bouquet?
Can some species be substituted without impacting consumer satisfaction?
Do consumers prefer multi-colored floral arrangements over single-colored floral
arrangements and to what degree does it impact their purchasing decision?
Do consumers prefer mono-species bouquets over mixed-species bouquets?
Do consumers prefer a flower arrangement because of its form or because of the species
of flower(s) that are in it?
Is there a significant difference between consumer preferences for arrangements with a
symmetrical design versus an asymmetrical design?

We know from experience that people tend to “buy with the eye” when purchasing flowers (or
produce). Therefore, we are using eye-tracking technology to obtain the “eye view” of
consumers when viewing the elements of a floral design while contemplating a floral purchase.
We are also utilizing sensors that allow us to assess the emotional responses of individuals and
investigate how they “feel” while viewing flowers and measure the correlation between these
emotions and the likelihood of purchase. The study was conducted at the Human Behavior Lab at
Texas A&M University (http://hbl.tamu.edu), where we can accurately collect these data
including eye movement, facial expressions, neural signals (electroencephalography), galvanic
skin response, and heart and respiration rates. The result is a greater understanding of how
context and emotions influence behavior when making floral purchasing decisions. In other
words, we are able to capture true “revealed” preferences of consumers rather than their “stated”
preferences alone.
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The study was broken into three stages due to the complexity of the study. The emphasis in the
first stage was on five floral design variables including line, balance, color, species, and price.
Three experiments were conducted during Stage 1, including a discrete choice experiment, floral
design’s relation to art, and experimental auctions. In Stage 2 of the study, we looked solely at
the importance of form of the floral design and how it affects willingness to pay for five major
types of designs at two price points. Lastly, Stage 3 included an analysis of using two different
experiments to determine the importance of flower species and the symmetry of flowers
included in the design. To establish a baseline to compare against, the following hypotheses
were formed:
1. Consumers will prefer polychromatic (mixed) bouquets over monochromatic colored
bouquets.
2. Consumers will prefer mono-species bouquets over mixed species bouquets.
3. Consumers will not prefer a flower arrangement based on its form or by its species,
meaning the flowers of the same floral design form are not interchangeable for
consumers.
4. Consumers will prefer floral arrangement with complementary color harmony over
monochromatic or analogous.
5. Given the same use of flowers, there is no difference between consumer preferences
for symmetrical design or asymmetrical design.

Literature Review
Floral consumption
According to a report by First Research (2010), more than half of the retail floral industry
revenue was comprised of floral arrangements. Buying habits have shifted as traditional floral
outlets sales have decreased and omnichannel and online sales have increased (Cohen, 2016; Yue
and Behe, 2008). The number of traditional florists in the industry has declined accordingly.
Consumer behavior research
Consumer behavior research is commonly used to understand the motivation for consumers’
purchasing decisions, yet this type of research is challenging because many factors may
contribute to consumers’ decision-making process and what products they purchase. In addition,
their level of satisfaction could also be impacted by their preexisting expectations, past
experiences with similar products, advertising, promotion, and other communications that have
targeted at them (Solomon and Stuart, 2003). Consumer behavior research makes it possible for
researchers to discover what information, attributes, and components matters to consumers and
what do not (McFadden, 2012).
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Consumer research in the floral industry
Consumer panel data collected from 1992 to 2005 by the American Floral Endowment were used
to estimate consumers’ choice of floral retail outlets based on flower product choice. Findings
indicate that consumers choose retail outlets based on floral product type and consumers prefer
to buy arranged flowers over unarranged flowers from traditional freestanding floral outlets and
through direct-to-consumer channels (Yue and Behe, 2008). Laroche et al. (2001) identified
consumers’ willingness to purchase environmentally friendly products. Consumers’ values,
knowledges, and behaviors were studied on to analyze the factors that impact what they think
about green products. Behe and Barton’s study showed that consumers placed plant health and
condition as the highest priority when evaluating plant quality. Consumer preferences for
horticultural crops such as geraniums (Behe et al., 1999), bell peppers (Frank et al., 2001),
tomatoes (Simonne et al., 2006) were studied using conjoint analysis. Behe et al. (2005) also
conducted consumer research on the floral applications of tabletop Christmas trees.
Floral design elements
Line – Research (non-floral) shows consumers tend to prefer horizontal and vertical lines over
oblique (sporadic) lines (Palmer et al., 2013). In general, this could be due to being exposed to
more horizontal or vertical lines in their everyday lives than oblique and that people prefer
images that mimic their seen environment. However, when assessing angular versus curved
lines, curved lines were preferred (Silvia and Barona, 2009).
Form – Research shows the most easily processed forms are symmetrical objects which
generally are also considered to be the most aesthetically pleasing (Enquist and Arak, 1994;
Enquist and Johnstone, 1997; Jacobsen and Hofel, 2002; Jacobsen et al., 2006; Ledar et al.,
2004). In addition, moderately complex objects are interesting to look at and more appealing
than high complexity objects and low complexity objects based on brain processing time (Hula
and Flegr, 2016; Palmer et al., 2013). There is debate if round objects are preferred over sharp
objects, but it is agreed upon that each different form, or shape, evokes a different subconscious
reaction (Hula and Flegr, 2016). Outside of studying sharp, round, and pointed objects, there is
no literature to indicate consumer preference related to flower forms or shapes.
Color – Flower color is an important attribute in consumer purchase decision-making. Hula and
Flegr (2016) found that blue was the top-rated color for both male and female consumers,
followed by purple and pink. Subjects had no preference on white flowers, and yellow flowers
were the least appealing. They did not test red/orange flowers. The highest rated flower color,
blue, significantly affected the beauty rating of flowers regardless of shape. Hula and Flegr
(2016) discussed that lack of color importance not only applied to their study, but also applies to
beauty of birds where tail shape had a major effect and color did not. This goes against the
theory of habitat selection where humans select flowers based more on their vivid color and less
on their form (Hula and Flegr, 2016).
5

Color Harmonies – For container gardens, price was the most important factor affecting
purchase, followed by care information when purchasing (Mason, 2008). Complementary color
combinations were most preferred, followed by monochromatic color, and finally analogous was
least preferred (Mason, 2008). Mason (2008) also noted that subjects potentially couldn’t
distinguish color harmonies and so making harmonies very apparent (almost obnoxious) could
help subjects. Flower color was an important attribute in consumer purchase decision-making in
a geranium study (Behe et al., 1999) and in an edible flower study (Kelley et al., 2004). Most
consumer preference studies reviewed investigated only single-color preferences, except the
edible flower study (Kelley et al., 2004) in which color harmony preferences were studied.
Axis and Symmetry – Though some researchers claim humans have an inherent preference for
bilaterally symmetric flowers, multi-axis (radial), symmetrical flowers are now more preferred
than two-sided (bilateral), symmetrical flowers.
Species – Species is not considered an element of design, but is highly selective when
considering consumer preferences, e.g. roses on Valentine’s Day. Therefore, species is included
in this study because we believe type of flower plays a crucial role in floral decision making.
Kelley et al. (2002) found that with edible flowers that consumers valued additional species in
the containers more than they did additional flower color. We also know that the top floral
species imported are roses, carnations, alstroemeria, and chrysanthemums (SAF, 2018).
Consumers also prefer multi-species choices above single species (Kelley et al., 2002) as well as
multi-axes objects over single or bi-axis objects (Hula and Flegr, 2016). Mason et al. (2008) also
found that with container plants that consumers preferred multi-species plants in one container
over single species.
Eye-tracking technology and its use in floral industry
There has been a rapid growth in the use of eye-tracking devices for consumer behavior research
due to the dramatically increased interest in studying eye movement as a way for information
acquisition (Russo, 1978). Eye-tracking enables researchers to see the shopper’s “eye view” of
the retail environment (Huddleston et al., 2015). Eye movement consists of two phases: fixations
and saccades. Fixations refer to the time when the eye stops and fixates on the stimuli and
saccades happen when the eye is moving between fixations (Pieters et al., 2002; Reutskaja et al.
2011). The locus of a fixation is the point where the focus of the consumer’s attention is on the
product. Therefore, creating targets that will increase fixations will help consumers extract and
process information about the product before they make the purchase decision (Jones, 2014).
Eye-tracking has been used frequently in the green industry retail environment to study
packaging, price location and size, color of sign verbiage, and retail consumer preference choice
(Behe et al., 2014; Behe et al., 2013; Behe et al., 2015; Campbell et al., 2013; Zhu et al., 2017).
6

To date, there is no literature examining floral purchasing behavior with eye-tracking methods.
With this study, we seek to fill that gap and provide information that can benefit floral design
practices and improve decision-making by firms at multiple levels of the floral supply chain.

Stage 1 Methodology:
Analysis of line, balance, color, species, and price
Choice Experiment
In stage 1, we conducted a discrete choice experiment, followed by experimental auctions. A
discrete choice experiment is a quantitative technique for eliciting individual preferences. It
allows researchers to uncover how individuals value selected attributes of a product by asking
them to state their choice over different hypothetical alternatives. Experimental auctions, on the
other hand, use real products and real money. They are designed to be incentive compatible,
meaning that they induce each bidder to submit a bid that sincerely reflects his or her value for
one unit of the product (flowers) being auctioned.
Experimental design
For the discrete choice experiment, the main objective is to evaluate consumer acceptance and
willingness-to-pay for the floral design attributes described in Table 1. Line, balance, and color
were chosen because they are mutually exclusive and comprehensive, meaning that the entire set
of possible options could be studied. Texture and pattern, though important elements of floral
design, were excluded because of the interdependence of texture with certain flower species and
the vast alternatives of pattern that are possible precluded it from being studied at the same time
as other elements.
Straight line is defined as any line, vertical, horizontal, or diagonal, that is undeviating. Oblique
line is any curving, bending, or dynamic, “moving” line. Balance can be defined as symmetric,
where a line can be drawn down the middle of the arrangement and it is mirrored on each side, or
asymmetric, where when a line is drawn down the middle of the arrangement it is not mirrored
on each side.
Though there are many color harmonies, we chose four common color harmonies to be present in
our study. Monochromatic color harmony is one color on the color wheel. White is generally
not considered a color in color theory but for the purposes of this experiment, it is considered a
color since many species of flowers are white. Complementary color harmony is two colors
opposite of each other on the color wheel. An example of a complementary color harmony is red
and green or purple and yellow. Analogous color harmony is defined as three colors adjacent to
each other on the color wheel. An example of an analogous color harmony is red, orange, and
yellow or purple, blue, and green. Lastly, polychromatic color harmony is four or more colors
7

on the color wheel. They do not have to have a specific position or relationship with other colors.
Each of these color harmonies are mutually exclusive (i.e. a design cannot be both
complementary and polychromatic).
Species was also included in the study design to take into account the effect that certain flowers
may have in the purchasing decision. Therefore, we included the top four most imported flowers
as our species: roses, carnations, chrysanthemums, and alstroemeria. The price points of $20,
$40, $60, and $80 were selected to represent a common range of pricing for floral arrangements.
However, it is important to note that no prices were displayed to subjects during the
experiment. These price points were used by the researchers to determine the typical quantity of
flowers and style of design that would be used for floral arrangements at each of the price points.
By excluding any numeric price values from our experiment (that the subjects would view),
we prevented any grounding effects or reference pricing from occurring, therefore gaining
the true intrinsic value that the subjects’ felt each arrangement, and coincidingly each
attribute, is worth.
Design elements included in the choice experiment
The various levels of the five attributes or design elements included in the choice experiment are
listed below in Table 1a. Mathematically, if we were to show all possible combinations to a
person, they would see and evaluate 256 floral arrangements. Due to respondent fatigue, it is
impossible for a person to differentiate among that many options, so a computer algorithm was
used to choose the best sets of alternatives (called a choice set) to view.
The choice experiment includes 16 choice sets consisting of four product alternatives each for a
total of 64 products. These combinations are required for proper mathematical identification of
each attribute so that willingness to pay (WTP) estimates can be calculated. Each combination is
listed below in Table 1b. Again, to reiterate, the product combinations were designed based on a
mathematical algorithm that ensures a balanced and orthogonal design that enables us to estimate
WTP values associated with each of the design elements being examined.
Table 1a. Attributes and levels included in experiment 1 of the study.
Attribute
Levels
Line
Straight, Oblique
Balance
Symmetrical, Asymmetrical
Color
Polychromatic, Monochromatic, Complementary, Analogous
Main Species
Roses, Carnations, Chrysanthemums, Alstroemeria
Price Points
Arrangements were created based on $20, $40, $60, $80 price points
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Table 1b. Combinations of design attributes included in experiment 1.
Number-Combination
2-Straight-asymmetrical-polychromatic-roses-40
4-Straight-asymmetrical-complementary-alstroemeria-40
6-Straight-symmetrical-analogous-roses-60
8-Oblique-asymmetrical-monochromatic-roses-20
10-Straight-asymmetrical-monochromatic-alstroemeria-60
12-Straight-symmetrical-analogous-carnation-60
14-Straight-symmetrical-polychromatic-carnation-20
16-Oblique-asymmetrical-complementary-chrysanthemum-40
18-Oblique-asymmetrical-analogous-alstroemeria-60
20-Oblique-asymmetrical-monochromatic-carnation-80
22-Straight-symmetrical-monochromatic-chrysanthemum-80
24-Oblique-symmetrical-polychromatic-roses-80
26-Straight-asymmetrical-analogous-carnation-60
28-Oblique-asymmetrical-polychromatic-chrysanthemum-60
30-Oblique-symmetrical-complementary-alstroemeria-20
32-Straight-asymmetrical-monochromatic-roses-60
34-Oblique-asymmetrical-monochromatic-roses-40
36-Straight-asymmetrical-complementary-chrysanthemum-20
38-Oblique-symmetrical-polychromatic-carnation-20
40-Oblique-symmetrical-analogous-alstroemeria-60
42-Oblique-asymmetrical-complementary-roses-40
44-Oblique-symmetrical-monochromatic-chrysanthemum-80
46-Straight-asymmetrical-complementary-carnation-80
48-Straight-asymmetrical-polychromatic-roses-20
50-Oblique-symmetrical-polychromatic-alstroemeria-80
52-Oblique-symmetrical-complementary-carnation-40
54-Straight-symmetrical-analogous-chrysanthemum-20
56-Straight-symmetrical-analogous-carnation-80
58-Oblique-asymmetrical-monochromatic-chrysanthemum-40
60-Straight-symmetrical-analogous-alstroemeria-20
62-Oblique-symmetrical-complementary-chrysanthemum-80
64-Straight-symmetrical-polychromatic-alstroemeria-40

1-Oblique-symmetrical-analogous-alstroemeria-40
3-Oblique-symmetrical-monochromatic-carnation-20
5-Straight-asymmetrical-polychromatic-chrysanthemum-60
7-Oblique-asymmetrical-complementary-chrysanthemum-80
9-Straight-symmetrical-complementary-chrysanthemum-20
11-Oblique-asymmetrical-analogous-roses-60
13-Straight-asymmetrical-monochromatic-roses-80
15-Oblique-symmetrical-monochromatic-chrysanthemum-60
17-Straight-symmetrical-complementary-chrysanthemum-40
19-Oblique-symmetrical-monochromatic-alstroemeria-20
21-Oblique-asymmetrical-polychromatic-roses-60
23-Straight-symmetrical-complementary-alstroemeria-40
25-Oblique-symmetrical-monochromatic-roses-60
27-Straight-symmetrical-polychromatic-alstroemeria-80
29-Straight-asymmetrical-analogous-carnation-20
31-Oblique-symmetrical-complementary-roses-40
33-Oblique-symmetrical-monochromatic-carnation-60
35-Straight-symmetrical-monochromatic-roses-20
37-Straight-asymmetrical-complementary-carnation-40
39-Straight-asymmetrical-polychromatic-alstroemeria-80
41-Oblique-asymmetrical-monochromatic-alstroemeria-20
43-Straight-asymmetrical-analogous-chrysanthemum-40
45-Oblique-symmetrical-analogous-chrysanthemum-80
47-Oblique-symmetrical-polychromatic-carnation-60
49-Straight-asymmetrical-complementary-alstroemeria-80
51-Straight-asymmetrical-polychromatic-carnation-20
53-Oblique-asymmetrical-polychromatic-alstroemeria-40
55-Straight-asymmetrical-analogous-roses-40
57-Oblique-symmetrical-analogous-roses-20
59-Straight-asymmetrical-complementary-carnation-80
61-Straight-symmetrical-polychromatic-carnation-80
63-Oblique-asymmetrical-analogous-chrysanthemum-60

Implementation
Designs and flowers were chosen based on industry mark-up standards (described below in the
experimental auction section) and the arrangements were freshly created at the Benz School of
Floral Design. A professional photographer was hired to take and process all photographs.
Photos were used instead of fresh arrangements because the variability of the fresh product could
not be consistent for the entire study period. Photos were then imported into iMotions Biometric
software and randomized to prevent picture ordering effects.
Subjects were recruited through newspaper ads, Craig’s List, an existing subject pool,
Homeowner’s Association email blasts, and Facebook community groups. Subjects came to the
Human Behavior Laboratory to physically participate in the experiments. Once at the lab, a
consent form was completed then the eye-tracking software was calibrated to the subjects’ eye
movements. Subjects viewed 16 slides with four floral photographs on each slide (Figure 1).
They were asked “Which of these floral arrangements do you prefer?” and they could only
choose one arrangement to proceed. This portion took approximately 10-15 minutes of the 1-
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hour long experiment. Subjects were paid approximately $30 for their participation.

Figure 1. Example of a floral arrangement choice slide that the subjects viewed.
Statistical Analyses
To analyze the data from respondents evaluating these 64 combinations, a Mixed Logit
Regression in Willingness to Pay Space was conducted. This analysis takes into account
randomness of each person’s choice preference allowing each subject’s individual estimates
(betas) per design element to be collected. In other words, we were able to determine each
subject’s willingness to pay (in U.S. dollars) for each floral design element. Each subject’s
estimate was then saved from the Mixed Logit Regression and presented in histograms for each
of the elements to visually see the distribution of the estimates for each floral element.
Art Preferences
As a secondary objective, we were also interested in comparing perceived beauty in floral
designs to other art forms, such as sculptures, paintings/drawings, architecture, and fashion to see
if the elements of floral design translate to other forms of art. We hypothesized that we might be
able to reduce potential floral transaction costs (e.g. search and acquisition costs) by customizing
floral design purchasing decisions based on an individual’s preferred beauty style. In other
words, could we predict an individual’s floral preferences based on their preference for certain
art styles? To do this, four categories of art were selected including paintings, physical
art/sculptures, fashion, and architecture.
Experimental Design and Implementation
The art photographs were chosen based on four popular art styles identified from the literature:
Contemporary (Oblique Line, Monochromatic Color, Asymmetry), Business (Symmetry,
10

Monochromatic, Straight Line), Traditional American (Complementary Color, Straight Line,
Symmetry), and Pop Culture (Straight Line, Polychromatic Color, Asymmetry). This portion of
the experiment was also conducted using the iMotion eye-tracking software. Subjects viewed 4
slides with the four photographs on each slide (Figure 2). They were asked “Which of these art
pieces do you prefer?” and could only choose one to proceed. This portion represented
approximately 5-10 minutes of the 1-hour experiment. The aforementioned $30 compensation
included this portion of the experiment.

Figure 2. Example of the Art Preference slide the subjects viewed.
Statistical Analysis
To evaluate the individual art preferences, a Single Linkage Hierarchical Cluster analysis was
conducted to evaluate the potential grouping of art preferences. We also wanted to evaluate if the
floral elements could be grouped. Therefore, the same Single Linkage Hierarchical Cluster
analysis was conducted on the WTP estimates for the floral elements, and all of the variables
collected in Stage 1 including: WTP estimates of floral elements, demographic characteristics,
and art preferences. These analyses are displayed in dendrograms, or clustering trees, to visually
indicate potential relationships. If any clustering occurs, a k-means cluster analysis was
conducted to establish individual cluster groups that can be evaluated singularly. Analysis of
Variance and Bonferroni post-hoc tests are done to evaluate the clusters by preferences for floral
elements, favorite color, and demographic characteristics.
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Experimental Auctions
As stated earlier, we also used experimental auctions to augment the discrete choice experiments
in order to analyze the same floral attributes using a different research tool. This was not
included in the original grant proposal, so this portion of the study was funded entirely by the
researchers. Two different auction tools were used: a second price auction and a double auction.
A second price auction is much like an auction most individuals are familiar with, where all of
the subjects submit bids and an auctioneer accepts the highest bid as winner. In this case, the
highest bidder of the auction wins, but they actually pay the second highest bid for the flowers
they have purchased. This is what makes the second price auction unique; it prevents subjects
from competitively bidding to win the auction for the purpose of winning and thereby
overbidding (e.g. auction fever). This way, we can gain more of a true representation of the value
placed on the auctioned item.
A double auction allows buyers and sellers to submit bids and prices simultaneously. This most
resembles what we see in the floral industry where there are multiple companies selling a
product and multiple buyers wishing to purchase this product at their individually perceived
price level. By imitating the real market, we can ascertain what consumer’s true value of the
product is by allowing them to make monetary exchanges (within a lab setting) for the product.
We used a double auction to see if a person who makes a discrete choice follows through with
the same choice when they are bidding for a real, living product in an incentivized market
environment. Furthermore, we wanted to be able to capture potential differences in the attribute
valuations with ownership of the floral designs (e.g. when acting as a seller versus a buyer). That
is, those who play the role of sellers have in possession the floral designs and may have different
valuations (e.g. How much money am I willing to accept to part with these flowers?).
Experimental design
In this portion of the laboratory experiment, subjects played one round of a Second Price Auction
and two rounds of a Double Auction (therefore playing one round in the role of Seller and one
round in the role of Buyer). Rounds were randomized to prevent ordering effects. The floral
design that the subjects were bidding for was present at the front of the room and also displayed
on each of the computer screens for the subjects to easily view (Figure 3). Subjects were allowed
to touch, interact, and examine the design during the experiment if they wished.
Input regarding the designs used in the study was solicited from the current Director of the
Benz School of Floral Design at Texas A&M University, Mr. Bill McKinley AIFD CFD
ICPF and one the research team members, Jade Wu AIFD CFD EMC. The flowers used in
the designs were valued at the actual prices paid for flowers and hardgoods purchased from floral
wholesalers in Houston, Texas.
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Figure 3. Example of an arrangement (hand-tied bouquet) used for the auction
experiments. This floral design was patterned after the most commonly sold bouquet
in the United States. The design and number of flowers were chosen to meet the
approximate $20 price point based on industry mark-up standards.
Using the bouquet pictured in Figure 3 as an example, this bouquet contains eight carnations
purchased wholesale at a price of $0.48 to $0.62/stem (depending on time of the year) with two
baby’s breath stems valued at $0.92 to $1.12/stem and four leatherleaf stems at valued at $0.20
to $0.25/stem, Thus, the cost of the flowers and greenery alone in the bouquet would range from
$6.48 to $8.20, depending on the time of the year and the prices negotiated. We also assume that
it would take 7 to 9 minutes of labor to make the bouquet, including prep and clean-up time. This
would cost an additional $0.93 to $1.20 for labor (valued at $8.00 assuming minimum wage plus
burden). Table 2 summarizes these costs, as well as the calculated selling price of the bouquet
using three common pricing methods used by florists today.
The first method often used by florists is to take the wholesale value of the flowers and greenery
and double the value, then add the cost of any hard goods and upgrades, and finally the cost of
labor. Doubling the product cost would add up to $12.96 to $16.40 for the low-cost and high-cost
floral input prices, respectively. Including the cellophane at $0.50 to $1.25/sleeve and $0.93 to
$1.20 for 7 to 9 minutes of labor, the total cost would be $14.39 to $18.85 per bouquet, to which
a desired profit margin would be added to arrive at the final selling price.
Another common pricing model used by florists for determining selling price is to markup floral
products by 3X and hardgoods by 2X. Using this model (see Table 2), the total costs of the
example bouquet would range from $21.37 to $28.30, to which a desired profit margin would be
added to arrive at the final selling price.
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The final pricing model evaluated in Table 2 involves taking 1X the actual Cost of Goods Sold
(flowers, greenery, hard goods, labor) which would equate from a low of $14.51 to a high of
$17.51, then adding an overhead allocation and a desired profit margin.
The 2019 Premium Report on Florists (published by AnythingResearch.com) reports industrywide operating costs (overhead) at 33% of sales and industry-wide Net Profit Margin at 4% of
sales. In Table 2, these are added to the above methods respectively. Given the estimates above,
our attempt to model a bouquet that would typically sell at a $20 price point seems
reasonable, though the selling price calculated using the 3 methods may range from a low of
$15.19 to a high of $29.10 depending on the time of year, input prices negotiated, the profit
margin desired, and the method a florist uses for calculating selling price.
Table 2. Example methods to determine the experimental bouquet at the $20 price point.
Input item
Carnations
Baby's breath
Leatherleaf stems

# of stems Low cost/stem
High cost/stem
8
$0.48
$0.62
2
$0.92
$1.12
4
$0.20
$0.25
Subtotal .................................................................................

Total (low cost)
$3.84
$1.84
$0.80
$6.48

Total (high cost)
$4.96
$2.24
$1.00
$8.20

Cellophane sleeve
1
sleeve
Labor (7-9 minutes @ $8/hr)
7 to 9
minutes
Subtotal .................................................................................

$0.50
$0.93
$1.43

$1.25
$1.20
$2.45

Method 1 - 2X flowers and greenery, plus 1X hard goods, plus labor
Method 2 - 3X flowers and greenery, 2X hard goods, plus labor
Method 3 - 1X flowers, greenery, hard goods, plus labor, plus overhead (33%)**

$14.39
$21.37
$14.51

$18.85
$28.30
$17.25

Add in industry average Net Profit (4%)**
Method 1 .................................................................................
$15.19
$19.65
Method 2 .................................................................................
$22.17
$29.10
Method 3 .................................................................................
$15.31
$18.05
** Industry averages for overhead and net profit are from the 2019 Premium Report on Florists by AnythingResearch.

Implementation
Subjects had unlimited amount of time to submit bids for the Second Price Auction, but only had
two minutes per bidding round for the Double Auction. Therefore, if the round timed out but the
subject had not chosen to accept a bid or an offer, they wouldn’t have made an exchange. The
auctions were made salient to the subjects by bidding with their $30 participation fee. If subjects
wanted the flower design, as a seller they could keep it and their $30 compensation. If they
wanted to exchange their floral design for more earnings, they could make offers to the buyers.
Additionally, if buyers wanted to take home a floral design, they would have to bid and win a
floral design. The amount that was accepted during the exchange was deducted from their
participation fee. If buyers did not want to buy a floral design, they could abstain and keep their
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$30 compensation. This portion represented 25-30 minutes of the 1-hour experiment. At the
conclusion of the experiment session, one subject volunteered to draw a chip to determine which
of the auction round would be binding for payment. Payments and floral designs were distributed
after a demographic survey.
Statistical Analysis
Double Auction “bids” were sorted highest to lowest to represent the theoretical demand curve
and “offers” were sorted lowest to highest to represent the theoretical supply curve. Both lines
were displayed in a line graph to illustrate the market. In contrast, the Second Price Auction only
consists of bids and therefore only simulates the demand curve. Second Price Auction bids were
averaged and presented as a horizontal line along with the Double Auction curves.

Stage 1 Results:
Analysis of line, balance, color, species, and price
Demographic Characteristics
The overall sample size included 126 subjects. The majority of subjects was represented in the
18-34-year-old category (62%) followed by an even distribution of the other age categories of
35-44 (11%), 45-54 (10%), 55-64 (12%) and 65-74 (5%) (Figure 8). Like the typical floral
consumer, the sample was mostly female (65%) (Figure 9). As typical for a city with a large
university, there was a large representation of both bachelor’s degrees (37%) and graduate
degrees (35%) (Figure 10). To prevent the oversampling of graduate students, we estimated
based on education level (graduate degree) and income level (below $30,000) that there were 8
graduate students within the sample, with the remainder of our sample consisting of nongraduate student community members. There was an equal distribution across all income
categories with 25% making an annual household income less than $30,000, 20% making
$30,000 to $49,000, 17% making $50,000-$69,000, 11% making $79,000 to $80,000, and 28%
making greater than $90,000 (Figure 11).
The race categories were taken from the U.S. Census race categorization. The sample was
comprised of 65% White individuals, 16% Asian individuals, 7% African American/Black
Individuals, and 11% Other individuals (Figure 12). There were no Pacific Islander or Native
American Individuals represented in our sample. In Texas, there is a large Hispanic population.
We hypothesize that the 11% of “Others” could be comprised of Hispanic individuals who do
not identify as White or African American/Black. Because of the numerous possible ethnic
categorizes, we did not inquire about ethnic groups.
Lastly, the most frequent category of flower purchasing was yearly (64%), followed by monthly
(15%), and never purchasing flowers (21%) (Figure 13). Favorite color varied from white to
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black, and from red to purple (Figure 14). The most popular color choice was blue (with 25%
indicating it as their favorite color).

Figure 8. Age breakdown of respondents.

Figure 9. Gender breakdown of respondents.
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Figure 10. Education breakdown of respondents.

Figure 11. Income breakdown of respondents.
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Figure 12. Race Categories (US Census Categorization) breakdown.

Figure 13. Flower Purchase Frequency of respondents.
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Figure 14. Favorite color specified by respondents.
Choice Experiment: Mixed Logit Regression in Willingness to Pay Space
For the Mixed Logit Regression in Willingness to Pay Space, all coefficient values are
considered to be in U.S. dollars (Table 3). The baselines of Oblique line, Asymmetry,
Polychromatic Color Harmony, and Alstroemeria were chosen based on their consideration as
“median” attributes from an initial analysis. All of the attributes in Table 3 are relative to the
baseline attribute they are referencing. Straight line is not significant (p=0.446), thus Straight line
is seen as no different than Oblique line in floral arrangements.
Subjects would pay $23.76 more for a symmetrical arrangement than an asymmetrical
arrangement (p=0.030). This preference matches existing academic literature where symmetrical
objects are easier to cognitively process and are seen as more aesthetically pleasing (Ledar et al.,
2004; Palmer et al., 2013).
For color harmonies, subjects would pay $23.76 more to have an analogous arrangement versus a
polychromatic arrangement (p=0.014). They would pay $22 less to have a monochromatic
arrangement versus a polychromatic (p=0.032). If thought of inversely, they would pay $22 to
not have a monochromatic floral design when given the option between monochromatic and
polychromatic. Complementary was seen as no different than polychromatic color harmony
(p=0.125). These results are different than in Mason et al. (2008) were complementary color
harmony was the most preferred followed by monochromatic color harmony and lastly,
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analogous color harmony. This difference could be due to the visual difference of having the cut
flower arrangement within the home and having the mixed container outside the home.
For species, subjects would pay an additional $40 to have roses in their arrangement (p=0.000).
This makes sense due to the fact that roses are the most commonly imported flower into the
United States, it is associated with Valentine’s Day, and it is the national flower. Subjects would
pay $26.75 not to have chrysanthemums in their design, or stated a different way, subjects would
pay $26.75 less for a floral arrangement that has chrysanthemums in it than an arrangement that
has alstroemeria (p=0.010). Carnations are seen as no different than alstroemeria in an
arrangement (p=0.956). We anticipated that roses would be the most preferred species of the
four, but unexpectedly alstroemeria was rated the same as carnations and above
chrysanthemums. Chrysanthemums can be viewed as a traditional plant in the United States and
they could be least preferred because of the large demographic representation of millennials
within our sample. Millennials characteristically do not follow as many traditions as previous
generations and prefer unique, exotic plants.
Table 3. Mixed Logit Regression in Willingness to Pay Space for Floral Elements
Choice Made
Attributes

Coefficients (S.E.)

P-value

Straight Line

-6.3395 (8.312)

0.446

Symmetry

23.7629 (10.926)

0.030*

Analogous Color Harmony

23.765 (9.680)

0.014*

Monochromatic Color Harmony

-22.633 (10.530)

0.032*

Complementary Color Harmony

13.007 (8.476)

0.125

Roses

40.2097 (10.340)

0.000**

Chrysanthemum

-26.758 (10.319)

0.010**

Carnation

12.6339 (7.653)

0.956

Observations

8,000

Prob Chi2

0.0000

Wald Chi2

1765.82

Log likelihood

-2594.0831

Single (*) and double (**) asterisks are used to denote significance at the 0.05 and 0.01 levels, respectively.
In the Results Section, any value (number) that is bolded and in white shading is statistically significant from the baseline value or
condition it is being evaluated against. Any value that is shaded blue or is un-bolded is statistically insignificant, and therefore is no
different than the baseline value is it being evaluated against.
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Choice Experiment: Distributions
Not only can we evaluate the WTP estimates as an aggregate number, but we can observe the
layout and breath of variation by looking at the distribution for each of the attributes. This can
provide meaningful insight on how consumers are clustered, if there are any outliers, etc. We can
develop “profiles” of consumers by looking at the WTP estimates that located in the tails
(extreme values) of the distributions.
In Figure 15, Straight Line has a slightly negative mean trend line that is close to zero. We can
see from the tails (extreme values from zero) that there are approximately 5% of subjects who
felt very strong in favor of straight line (near +100). Conversely, we can see about an equal
number felt very strongly against straight line (near -100). Most of the distribution centered
around the average price, reflecting the fact there is not a strong feeling regarding line among the
majority of the subjects.
In Figure 16, Symmetry is seen as slightly positive with a mean trend line that is also close to
zero. The distribution of the WTP values are very wide with most of the values clusters near the
tails and not around the mean. There were approximately 16% of subjects that felt very strongly
about symmetry (values > +100), but there is approximately 10% who felt very strongly against
symmetry and would prefer asymmetry (values < -100). When we look at both tail ends of this
distribution, we can already see that clusters are developing based on strong preferences.
In Figure 17, subjects were grouped very closely to the mean indiciating that they all generally
felt the same about analogous color harmony. The mean trend line is quite positive, indicating
most people have a positive association with analogous color harmony. There are a few
individuals below zero, but they are grouped tightly around the mean. In Figure 18,
complimentary color harmony is not statically different from polychromatic, again reflected by
the minimal distribution of the preferences around the mean; thus, we cannot say they prefer one
over the other, but have generally have positive attitudes for both.The grouping is very tight
around the mean, indicating that most people felt similar about complementary color harmony.
In Figure 19, the preference to not have monochromatic color harmony is evident due to the
negative mean trend line hanging to the left of zero. There were a few subjects who liked
monochromatic color harmony (values close to +100) but most felt very negatively about
monochromatic color harmony, as seen by the negative-skew of the distribution. There are still a
few consumers who would pay for monochromatic designs, but they are overwhelmed by the
majority that would pay more for the design not to be monochromatic.
In Figure 20, very few of the WTP estimates are below zero and the mean trend line is very
positive, indicating the general preference for roses. The distribution is heavily skewed above the
mean, with few subjects indicating a negative perception of roses. In Figure 21, carnations have
very little distribution and all of the values are clustered around the mean trend line. This would
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indicate that the subjects felt the same about carnations. Lastly, in Figure 22, chrysanthemums
have a general negative mean trend line indicating a dislike for them. Yet, there is a small group
of individuals who like chrysanthemums (values > 0). Evaluating the distributions can give a
basic outline of how we can possibly group consumers.

Figure 15. Distribution of WTP estimates of Straight Line.

Figure 16. Distribution of WTP estimates of Symmetry.
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Figure 17. Distribution of WTP estimates of Analogous Color Harmony.

Figure 18. Distribution of WTP estimates of Complementary Color Harmony.
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Figure 19. Distribution of WTP estimates of Monochromatic Color Harmony.

Figure 20. Distribution of WTP estimates of Roses
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Figure 21. Distribution of WTP estimates of Carnations.

Figure 22. Distribution of WTP estimates for Chrysanthemums.
Art Preferences
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To begin evaluating the four types of art, first we wanted to look at the clusters by demographic
(Table 4). By gender, female subjects preferred the Contemporary Style (Style =1) while male
subjects preferred Business (Style =2). None of the other art types were different by gender. In
fact, when looking at race, income, and education as well, no category of demographic was
different than another for art, architecture, fashion and physical art/sculptures. The difference in
art that we see by gender could be that females like the color, moving line, and asymmetry more
in the Contemporary style painting where males like more straight lines and symmetry of the
Business style painting. According to the analysis, there is very little relationship with
demographics and art preference.
Table 4. T-test of the art choice by gender.
Demographic

Obs (N)

Mean (Std. Error)

Lower 95% Higher Significance
Conf.
95% Conf.
Interval
Interval

Female

81

1.95 (0.11)

1.74

2.16

Male

41

2.37 (0.19)

1.99

2.75

T-stat =
-2.1326
P = 0.0350*

Single (*) and double (**) asterisks are used to denote significance at the 0.05 and 0.01 levels, respectively.

Cluster Development
To combine together and evaluate whether the art preferences can be a predictive measure for
floral purchasing, a holistic 30,000-foot view must be taken. If we were to group all of the
variables together to see subjects with similar preferences, each person would be an individual
cluster (Figure 23). This is not the intent of a cluster analysis because we wish to see if
overarching likes and dislikes create groups. Thus, there appears to be no groupings or
clusters of “like” consumers that we can form when taking into account the WTP of each
element, demographic characteristics, and the art types.

Figure 23. Clustering tree of all variables collected in choice experiment. No clusters emerged.
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Moving from the holistic view above, we wanted to see if removing demographics would result
in groups forming. It did not. If, however, we dissect further down into just floral arrangement
attributes, two main branches (left and right) emerge that develop into four clusters (G1, G2, G3,
G4) (Figure 24). The first cluster is larger than the other three (n=43 versus n=35, n=26, and
n=21). The third and fourth clusters are of similar size (n=26 versus n=21). These four clusters
represent distinct groups of consumers for floral attributes. What they like and dislike can be
very similar. To name these clusters, we must look at what they find pleasing, neutral, or
displeasing as floral attributes. It will also be helpful to evaluate if there are demographic
characteristics that are significantly present in a particular cluster.

Figure 24. Clustering tree of floral attributes. Four clusters emerged.
When looking at race, and using white individuals as the baseline, only race was significantly
different among the clusters (Table 5). Table 5 indicates that Asian, African American/Black,
and Others have different sample sizes within the clusters. All other demographics had an equal
distribution of income, age, education, and gender within the four clusters.
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Table 5. Regression of clusters by race categories.
Race

Coefficient (Std. Error)

T-test

P >|t|

Asian

1.8 (0.35)

5.12

0.000

African American/Black

1.40 (0.50)

2.81

0.006

Others

0.99 (0.41)

2.41

0.017

Degrees of freedom

122

F-stat (7,114)

34.76**

Prob > F

0.000

R2

0.6809

White [baseline]

Single (*) and double (**) asterisks are used to denote significance at the 0.05 and 0.01 levels, respectively.

When conducting a correlations test to test the strength of the relationship between the four
emerged clusters and the four art types, there are no significant relationships (Table 6). When
evaluating the clusters using an Analysis of Variances test (ANOVA), there was no significance.
This means we cannot predictively say that floral art preferences transcend into preference for
different types of art and vice versa. A potential extension to evaluating the relationship of art
preference and floral design would be to choose many more art styles (more than four) or to base
the art styles solely on floral elements and principles with mutual exclusivity in the styles.
The exception to the lack of relationships is between the preference for Art and Sculptures
(p=0.003). Subjects who chose Art Style 2 (Business) also chose Sculpture Style 2 (Business)
most frequently. Subjects who chose Art Style 3 (Traditional American) or Art Style 4 (Pop
Culture) chose the Sculpture Style 4 (Pop Culture). This makes sense since both Style 3 and
Style 4 have straight lines and symmetry. These styles only vary in their color (complementary
versus polychromatic color harmony). If in the main portion of the experiment, subjects felt that
complementary and polychromatic were no different, this would also carry over into their art
preferences.
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Table 6. Pairwise Correlations of the four emerged floral clusters and the four art types.
Coefficient
Clusters
Art
Architecture
Fashion
Sculptures
P-value
Clusters
1.00
-0.0681
Art
1.00
0.4506
-0.0193
0.0108
Architectures
1.00
0.8310
0.9049
-0.0290
0.0241
-0.0159
Fashion
1.00
0.7483
0.7893
0.8602
0.0680
-0.2633**
0.0462
-0.1392
Sculptures
1.00
0. 4510
0.0030
0.6091
0.1216
Single (*) and double (**) asterisks are used to denote significance at the 0.05 and 0.01 levels, respectively.

Cluster Evaluation by Individual Floral Attribute (Element)
The distributions for each of the floral element attributes above (Results Section, Distributions)
can be visual indicators of potential differences in floral consumers. Using a means comparison
test for each individual floral attribute, the distinct relationships can be uncovered (Table 7).
Each capital letter indicates the cluster mean is different from the other clusters. If two (or more)
clusters have the same capital letter, this indicates the means are no different from each other and
are preferentially viewed as the same.
For Straight Line, Cluster 1 likes straight line (mean = 29.41). Cluster 2 and 4 are similar
meaning both clusters have a strong dislike for straight line and would prefer oblique line (mean
= -39.03 = -54.51). Cluster 3 is neutral to line (mean =3.16).
For symmetry, all of the clusters are different. Cluster 2 likes Symmetry the most (mean =
121.45) followed by Cluster 1 (mean = 31.26). Cluster 4 likes asymmetry (dislikes symmetry)
(mean = -36.13) and Cluster 3 very much dislikes symmetry (mean = -81.01).
For analogous color harmony, we cannot say decisively that there is very much distinction due to
the size of the standard deviations in Cluster 2. Removing Cluster 2, the remaining three clusters
like analogous color harmony the same (mean = 23.74 =27.15=27.43). Complementary and
monochromatic color harmonies are viewed the same by all four clusters (mean =13.08=
12.82=13.09=13.09; mean = -21.49=-18=-25.73=-37.37).
Cluster 4 likes roses and dislikes chrysanthemums (mean = 55.50; mean = -31.19). Cluster 2
mirrors Cluster 4 in preference for roses, but just not as strongly (mean = 45.64). Carnations
were seen as no different by all four clusters (mean = 12.65=12.60=12.66=12.62). Interestingly,
there was not a strong association color type to a cluster -- such as warm color or cool colors -being preferred. Each cluster had specific favorite colors.
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Bringing all the information discussed thus far in Stage 1, we can create profiles of each of the
clusters 2:
Cluster 1
• Likes Straight Line
• Slight preference for symmetry and analogous color harmony
• Dislikes Monochromatic; Neutral on Complementary
• Mostly White
• High proportion favorite color blue
• Highest proportion of individuals making greater than $90,000 – but also the highest
proportion of individuals making $30,000 to $49,000.
Cluster 2
• Really likes Oblique Line and Symmetry
• Of the four clusters, likes analogous the least and liked monochromatic the most
• Slight preference for roses; Slightly dislikes chrysanthemums
• “Other” race category
• Asian individuals least prevalent in this cluster
• High proportion favorite color purple
• High proportion of individuals making less than $30,000
Cluster 3
• Really likes Asymmetry
• Neutral on type of line
• Slight preference for analogous color harmony
• Highest proportion of graduate and bachelor’s degrees
Cluster 4
• Strongly likes roses, oblique line
• Slight preference for asymmetry
• Slight Preference for analogous color harmony
• Strongly dislikes Chrysanthemums
• Mostly Asian; White individuals least prevalent in this cluster
• High proportion favorite color red

2

Any demographic characteristic not included in the profiles remains constant across all clusters.
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Table 7. Means, Standard Deviations, Minimum values, Maximum values, and Means
Comparison for clusters.
Straight Line

Obs (N)

Mean (Std.
Dev.)

Min.

Max.

Mean
Differences

Cluster 1

43

29.41 (45.86)

-49.38

119.27

A

Cluster 2

35

-39.03 (41.01)

-129.73

46.99

BD

Cluster 3

26

3.16 (33.11)

-62.13

57.32

C

Cluster 4

21

-54.51 (31.56)

-112.76

6.44

D

Symmetry

Obs (N)

Mean (Std.
Dev.)

Min.

Max.

Mean
Differences

Cluster 1

43

31.26 (30.09)

-44.87

91.00

A

Cluster 2

35

121.45 (37.79)

39.82

203.54

B

Cluster 3

26

-81.01 (43.53)

-148.67

-13.73

C

Cluster 4

21

-36.13 (35.23)

-91.40

32.29

D

Analogous Color
Harmony

Obs (N)

Mean (Std.
Dev.)

Min.

Max.

Mean
Differences

Cluster 1

43

23.74 (17.4)

-17.63

71.91

ABC

Cluster 2

35

12.87 (30.05)

-74.20

43.82

A

Cluster 3

26

27.15 (23.23)

-47.93

53.72

BC

Cluster 4

21

27.43 (16.43)

-5.20

56.69

C

Complementary Color
Harmony

Obs (N)

Mean (Std.
Dev.)

Min.

Max.

Mean
Difference

Cluster 1

43

13.08 (0.73)

11.26

14.38

A

Cluster 2

35

12.82 (1.12)

9.10

14.50

A

Cluster 3

26

13.09 (1.19)

9.84

15.54

A

Cluster 4

21

13.09 (0.73)

-5.20

56.69

A

Monochromatic Color
Harmony

Obs (N)

Mean (Std.
Dev.)

Min.

Max.

Mean
Difference

Cluster 1

43

-21.49 (34.71)

-88.92

66.91

A

Cluster 2

35

-18.00 (31.74)

-98.45

69.90

A

Cluster 3

26

-25.73 (37.00)

-80.75

52.04

A

Cluster 4

21

-37.37 (28.39)

-114.44

11.83

A

Roses

Obs (N)

Mean (Std.
Dev.)

Min.

Max.

Mean
Difference
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Cluster 1

43

37.56 (18.47)

1.43

83.07

A

Cluster 2

35

45.64 (22.85)

-3.65

102.28

AB

Cluster 3

26

30.34 (22.23)

-26.16

96.68

A

Cluster 4

21

55.50 (25.73)

9.00

119.57

CB

Chrysanthemums

Obs (N)

Mean (Std.
Dev.)

Min.

Max.

Mean
Difference

Cluster 1

43

-30.18 (22.20)

-73.90

25.00

A

Cluster 2

35

-30.10 (26.03)

-78.59

24.94

AB

Cluster 3

26

-15.00 (31.05)

-73.94

32.88

A

Cluster 4

21

-31.19 (30.00)

-83.71

13.30

CB

Carnations

Obs (N)

Mean (Std.
Dev.)

Min.

Max.

Mean
Difference

Cluster 1

43

12.65 (0.24)

12.13

13.15

A

Cluster 2

35

12.60 (0.32)

11.87

13.33

A

Cluster 3

26

12.66 (0.30)

12.03

13.28

A

Cluster 4

21

12.62 (0.37)

11.45

13.51

A

Auction Rounds
Using the procedures described earlier, the hand-tied bouquet being auctioned was created to be
reflective of a typical $20 bouquet using industry standard mark-up procedures. Figure 25.1
displays all auction bids and offers during the two Double Auction rounds and Second Price
Auction round. Magnifying the line graph to see the convergence price in Figure 25.2, the
Double Auction clearing price is $4.38 and Second Price Auction clearing price is $5.51. This is
much lower than the retail price that this bouquet. We hypothesize this result occurs for many
reasons -- from lack of knowledge of what the product is currently sold at, lack of floral
participant production costs, conceptual aversion (barriers) to buying floral products, and
alternative product options.
When not controlling for currently existing floral consumers in this experiment, we can capture
the valuation of floral for all consumers. The low-price value does not mean that industry
participants should be pricing themselves to the bottom, but instead should consider other value
propositions that would enhance the product or the experience of the product. Education and
marketing (including digital engagement) are key to appeal to consumers and expanding demand
by shifting the demand curve into new consumer categories.
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Figure 25.1 Auction Rounds with all bids and asks.

Figure 25.2 Magnified Auction Rounds to indicate market clearing price.
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Stage 1 Conclusions:
Analysis of line, balance, color, species, and price
•

Demographics in this stage were weighted more towards millennials, as well as females
and persons in the “white” race category, with relatively equal percentages of education
levels, and half of the sample frame had incomes over $90,000 per HH.

•

Mixed logit analysis of the discrete choices of arrangements indicated that, relative to the
baseline (oblique line, asymmetry, polychromatic color harmony, and alstroemeria
species):
o Straight line was no different, statistically-speaking, than oblique lines in terms of
preferences.
o Symmetrical arrangements are statistically different than asymmetric
arrangements and subjects will pay an additional $23 for symmetrical designs.
o Monochromatic color harmony is statistically different than polychromatic, and
subjects will pay an additional $22 for an arrangement NOT to be
monochromatic. Conversely, subjects would pay $23 more to have an analogous
color harmony in their arrangement (also statistically different from
polychromatic). Complementary color harmony is statistically no different than
polychromatic.
o If you were to rank color harmony, analogous would be most preferred, then
complementary and polychromatic (because they are statically not different), and
least preferred is monochromatic color harmony.
o Roses were statistically different in terms of preference from alstroemeria;
subjects would pay $40 more for an arrangement containing roses.
Chrysanthemums are also statistically different from alstroemeria, but subjects
would pay $26 NOT to have chrysanthemums in their arrangement. Carnations
are not statistically different than alstroemeria therefore they are valued the same.
o In summary, from the mixed logit regression model, we see the following:
▪ Straight Line = Oblique Line
▪ Symmetry > Asymmetry
▪ Analogous > Complementary = Polychromatic > Monochromatic
▪ Roses > Alstroemeria = Carnation > Chrysanthemum
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•

Even though some of these attributes are not significantly different from each other
statistically, we can still understand the divergence of preferences by looking at the
distributions.

•

A Single Linkage Hierarchical Cluster Analysis was conducted on the fashion and art
choices, floral attributes, and demographics. While we were unable to correlate the
fashion and art choices with the floral attributes, four clusters of “like” consumers
emerged from this analysis:
o Cluster 1: Likes straight lines, symmetry, and analogous color harmony. Neutral
on complementary color harmony. Dislikes monochromatic color harmony.
Mostly white individuals. A high proportion of these individuals’ favorite color is
blue.
o Cluster 2: Likes oblique lines, symmetry, and roses. Has a slight dislike for
chrysanthemums and likes analogous the least of the four clusters. Has a high
proportion of “others” race individuals. Of the four clusters, Asians are least
prevalent in this cluster. A high proportion of these individuals’ favorite color is
purple.
o Cluster 3: Likes asymmetry and analogous color harmony. Neutral on preference
for straight or oblique lines. Highest proportion of graduate and bachelor’s degree
holders.
o Cluster 4: Strong preference for roses and oblique lines. Strong dislike for
chrysanthemums. Slight preference for asymmetry and analogous color harmony.
Mostly Asian. White individuals are least prevalent in this cluster. A high
proportion of these individuals’ favorite color is red.
o Note: Post analysis, we hypothesize that it would been helpful to not only ask
about their color preferences but also ask about their least favorite color.

•

Using both a Second Price Auction and a Double Auction the clearing price for a floral
bouquet of $20 retail value was less than $20.
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Stage 2 Methodology: Analysis of Flower Form
Flower Form
The objective of Stage 2 was to evaluate how flower forms in the arrangement affect consumer’s
willingness-to-pay (WTP) when browsing for a relatively inexpensive design (e.g. Is filled space
most important?) versus when they look for a more expensive design (e.g. Is differentiation more
important?). In other words, we hypothesized that consumer’s WTP for designs with different
forms of flowers may signal consumer’s preferences of an arrangement which relates to their
perceived value of flower forms in the arrangement.
Experimental design
Five types of floral designs were used, including hand-tied bouquet, horizontal, asymmetrical
triangle, loose vase, and parallel.

Hand-tied bouquets and loose vase design styles are the most common in the floral market.
Horizontal and triangular designs are geometric designs which are typical of American floral
design. We chose to use horizontal and asymmetrical triangle design so that we could observe
both symmetrical design (horizontal) and asymmetrical design (asymmetrical triangle). The
parallel design is a classic design style which was developed by European floral designers and
has become a popular alternative in the U.S.
There are four types of flower form including line, mass, filler, and form (Note: we call form
flowers unique/novelty flowers in this study to differentiate from the term “flower form”). Mass
flowers are single stems with one solid flower. Line flowers are generally linear, giving a feeling
of length and create rhythm in the design. Filler flowers are branchy and add emphasis to main
blossoms, while unique flowers, with distinctive shapes, are commonly used in the focal area.
Since flower forms interact with each other to create a complete holistic design, we couldn’t
study the mass, line, filler, or unique/novelty attributes by themselves as in the Stage 1 choice
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experiment that included the design elements. Therefore, we created four floral arrangements
within each of the five types of designs in the following order (Table 3):
1.
2.
3.
4.

Mass flowers only
Mass and line flowers
Mass, line, and filler flowers
Lastly, mass, line, filler and unique/novel flowers

Previous studies have found that color affects consumer preference and thus their purchasing
behavior (Yue and Behe, 2010). This was found to be true for container gardens where
complementary color harmony was revealed as the most preferred (Mason, 2008). The result of
our choice experiment in Stage 1 also confirms consumers prefer complementary color harmony.
To avoid the influence of color differences on consumer preferences, we used
complementary color harmony with yellow and purple (or adjacent colors) for all of the
floral designs in this experiment.
Table 3. Floral design attributes and levels.
Attribute
Levels
Floral design type
Hand-tied bouquet, loose vase, horizontal, asymmetrical
triangle, parallel
Flower form type
Mass only
Mass and line
Mass, line and filler
Mass, line, filler and unique/novelty
Price
Arrangements based on $20 and $80 price points
Implementation of the Online Survey
The experiment was conducted with the use of an online survey, developed and administrated
with Qualtrics Software (Qualtrics, LLC, 2019). Before initiating the study, the survey was
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approved by the Texas A&M University Institutional Review Board approval (IRB20181627M). The online Qualtrics survey was distributed and subjects were recruited via Amazon
Mechanical Turk (MTurk) -- a crowdsourcing marketplace for businesses to perform tasks such
online surveys. Participants were recruited with $1 compensation per person to participate in our
survey study. Several “attention check” and “bot detection” questions were included to prevent
errant or fraudulent responses.
The estimated time for completing the survey was 20 minutes. Subjects were asked to sign an
informed consent form before taking part in the survey. The informed consent form contained
information about the objective of the study, the risks and benefits of participation, and
acknowledged that failing attention checks in the survey would result in being rejected for
continuing the survey and that the subject would not be paid. Subjects who agreed to participate
in the study were shown the survey questions upon giving consent. Subjects who failed any of
the three “attention check” questions in the survey were taken to the end of the survey without
payment.
The online survey included 40 open-ended questions, asking subjects “How much would you be
willing to pay for this arrangement?” A picture of the arrangement was shown to the subjects
under each willingness to pay question. The subjects were asked to only put a dollar value
(without the dollar sign) in the text box. The content validation was set to be numbers only with
minimum being 0, maximum being 250, and 2 decimals maximum. Each floral design type/style
at each price point was set to be one block. The order of the 10 blocks shown to the subjects
were randomized. Within each design type, 4 floral arrangement pictures were shown to the
subjects following the order: mass flowers only; mass and line flowers; mass, line, and filler
flowers mass, line, filler and unique/novel flowers. This order was fixed. An example of a
willingness to pay question is shown in Figure 4.
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Figure 4. Example of willingness to pay question for flower form type experiment.
Subjects were also asked to provide demographic and behavioral information at the end of the
survey, including gender, age, education, annual income, race, and frequency of flower purchase.
Sample Size Estimation
Before conducting the online survey, G*Power (version 3.1) was used to estimate the sample
size needed to achieve statistical validation. With medium effect size (d = 0.5), confidence level
at 95% (α = 0.05) and power (1-β) = 0.80, the minimum sample size needed was 128 (for a t-test
difference).
Statistical Analysis
The statistical analysis used JMP software (version 14, SAS Institute, Cary, NC). A Multiple
Linear Regression model was used to measure differences in willingness to pay for each type of
floral design with different form type of flowers. We chose a hand-tied bouquet with mass
flowers only as the baseline for comparison as it is the most common design style in the floral
market.
The regression model for subjects’ WTP can be represented by the following equation:
Y = β0 + β1DHorizontal + β2DTriangle + β3DLoose vase + β4DParallel + β5DLine + β6DFiller + β7DUnique + ɛ
Where Y represents the dependent variable WTP, β0 is the intercept, which represents the
subjects’ WTP of hand-tied bouquet with mass flower only. D represents dummy variables or
binary variables which takes on the value of 1 or 0. DHorizontal =1 if horizontal design, 0 otherwise;
DTriangle =1 if triangle design, 0 otherwise; DLoose vase =1 if loose vase design, 0 otherwise; DParallel
=1 if parallel design, 0 otherwise; DLine =1 if with line flower, 0 otherwise; DFiller =1 if with filler
flower, 0 otherwise; DUnique =1 if with unique flower, 0 otherwise. β1- β7 represent vectors of
coefficients to be estimated for floral design styles and flower form types. The estimated β1- β7
coefficients in equation measure differences in WTP for each of the design types and flower form
types in comparison to WTP of hand-tied bouquet with mass flower only. ɛ is the error term.
Other statistical tests used in this experiment including t-test, Analysis of Variance (ANOVA) and
Wilcoxon Rank Sums test for comparing means, Tukey’s range test for mean separation, and
Komologorov-Smirnov-Lilliefors test for normality of willingness to pay distributions.
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Stage 2 Results: Analysis of Flower Form
Demographic Characteristics
A total of 131 consumers (whose ages were between 18 to 74-years-old) participated in the
online survey. Demographics were collected including gender (Figure 26), age (Figure 27),
education (Figure 28), annual income (Figure 29), race (Figure 30), and frequency of flower
purchase (Figure 31). Demographics in this study were weighted more towards millennials and
Gen X, females, persons in the “white” race category, and people with an associate’s degree or
bachelor’s degree, which is in line with the relative levels of the annual income.
Fifty-three percent of the subjects were female and 47% male. The largest age group was 18-34years-old which accounts for 38.2% of the subjects, followed by subjects who are 35-44-yearsold (31.3%). Forty-five percent of the subjects have an associate’s degree. Survey subjects who
make $30,000 - $49,999 represent 30.5% of the sample, followed by those who make $50,000 $69,999 per year. The vast majority of the subjects are White, followed by Asian which make up
8.4% of the sample. As for frequency of flower purchase, people who purchase flowers a few
times weekly or monthly were the largest group, accounting for 67.9% of the sample. Subjects
who purchase flowers a few times yearly made up 22.9% of the sample.

Figure 26. Qualtrics online survey demographics by gender.
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Figure 27. Qualtrics online survey demographics by age.

Figure 28. Qualtrics online survey demographics by education.
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Figure 29. Qualtrics online survey demographics by annual income.

Figure 30. Qualtrics online survey demographics by race.
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Figure 31. Qualtrics online survey demographics by frequency of flower purchase.
Willingness to Pay: Multiple Linear Regressions
The willingness to pay results for floral arrangements at the $20 price point and the $80 price
point are shown in Table 8 and Table 9, respectively. At the $20 price point, the intercept -which was the willingness to pay of hand-tied bouquet with mass flowers -- was $13.70 (Table
8). Three types of design, horizontal (p < 0.0001), triangle (p < 0.0001), and loose vase (p =
0.0007), showed significant increases in WTP compared with the baseline bouquet. Parallel
designs showed a marginal increase (p<0.07) of $1.66 compared with the baseline bouquet.
Having mass flowers only, the WTP of horizontal design was $29.45 (p < 0.0001). This was the
highest among the 5 design types. Asymmetrical triangle designs had the second highest
willingness to pay, $13.99 (p < 0.0001), which was more than hand-tied bouquets with mass
flowers only. The willingness to pay of the loose vase design was $16.81 (p = 0.0007), followed
by the parallel design, $15.36. None of the three flower form types significantly influenced WTP
for the inexpensive floral design ($20 price point) (Table 8).
At the $80 price point, willingness to pay for all four types of floral design differed significantly
from the baseline design type, hand-tied bouquet (Table 9). Subjects expressed the highest
willingness to pay $33.69 (p < 0.0001) for the asymmetrical triangle design, followed by the
horizontal design ($33.13, p < 0.0001). The parallel design had a significant increase ($10.65) in
willingness to pay ($28.33, p < 0.0001) compared with bouquets at this price point. The
willingness to pay for the loose vase design was $20.47 (p = 0.0306). With respect to flower
form type, line flowers were mostly preferred and significantly increased WTP by $2.43 (p =
0.0352). No significant difference was shown with the existence of filler and/or unique flowers
(Table 9).
Table 8. Estimated coefficients for consumers’ willingness to pay for design types and flower
form types at $20 price point based on a Multiple Linear Regression Model.
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Variable
Intercept
Floral design type
Horizontal
Triangle
Loose vase
Parallel
Flower form type
Line
Filler
Unique
R2
R2 adjusted
Mean
Number
Observations

Estimate z
13.70**

Standard Error
0.8202

P-value
< 0.0001

15.75**
13.99**
3.11**
1.66

0.9171
0.9171
0.9171
0.9171

< 0.0001
< 0.0001
= 0.0007
0.07

-0.05
1.44
1.38
0.1698
0.1676
21.63
131
2620

0.8202
0.8202
0.8202

0.9467
0.0795
0.0918

z Single (*) and double (**) asterisks are used to denote significance at the 0.05 and 0.01 levels, respectively.

Table 9. Estimated coefficients for consumers’ willingness to pay for design types and flower
form types at $80 price point based on a Multiple Linear Regression Model.
Variable
Estimate z
Standard Error
P-value
Intercept
17.68**
1.1528
< 0.0001
Floral design type
Horizontal
15.45**
1.2888
< 0.0001
Triangle
16.01**
1.2888
< 0.0001
Loose vase
2.79*
1.2888
= 0.0306
Parallel
10.65**
1.2888
< 0.0001
Flower form type
Line
2.43*
1.1528
0.0352
Filler
0.83
1.1528
0.4718
Unique
1.25
1.1528
0.2775
R2
0.0946
R2 adjusted
0.0922
Mean
29.21
Number
131
Observations
2620
z Single (*) and double (**) asterisks are used to denote significance at the 0.05 and 0.01 levels, respectively.

Willingness to Pay Distributions
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The willingness to pay distribution analysis was based on the original data because data
transformations (e.g. logarithmic) did not improve normality of data. A substantial amount of
variability was seen in the willingness to pay distributions (Figure 32 and 33).
At the $20 price point, the subjects’ willingness to pay for the floral designs ranged from $0 to
$200, with mean willingness to pay $21.63 (std. dev. = 16.27). Approximately 49% of the
subjects were willing to pay a premium for the $20 floral designs and 50.3% were willing to pay
$20 or less for the designs. Therefore, about half of the subjects were priced out of the market at
the $20 price point (Figure 32).
As for the $80 price point, the subjects’ willingness to pay ranged from $0 to $250, with mean
willingness to pay of $29.21 (std. dev. = 21.89)(Figure 33). Only 1.6% of the subjects would pay
more than $80 for the floral designs while a majority of subjects, 98.4%, were willing to pay
less. Therefore, the majority of subjects were priced out of the market (Figure 33).

Figure 32. Distribution of willingness to pay for floral designs at $20 price point.
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Figure 33. Distribution of willingness to pay for floral designs at $80 price point.
Demographic Comparisons of Mean Willingness to Pay
Analysis of Variance (ANOVA) test and Student’s t-test were conducted to determine if there
were statistical differences between demographic groups pertaining to their willingness to pay
for the floral designs with different flower form types at $20 and $80 price points. Significant
differences in subjects’ WTP for both inexpensive and expensive floral designs were found in
comparisons of different demographic groups based on gender, age, education, annual income,
race, and frequency of flower purchase (p<0.0001) (Table 10 and 11, Figure 34-45).
At both $20 and $80 price points, female subjects were willing to pay significantly more than the
males for the arrangements (Table 10 and 11, Figure 34 and 35). Mean willingness to pay for
$20 designs by female subjects was $23.02, and by male subjects was $20.04 (Table 10, Figure
34). As for $80 designs, female subjects were willing to pay $32.04, while mean willingness to
pay for males was only $25.97 (Table 11, Figure 35).
Accounting for age, the 65-74-year-old age group was willing to pay the most for the floral
designs at both $20 and $80 price points, with mean willingness to pay $29.06 and $45.45,
respectively, followed by the 45-54 age group (Table 10 and 11, Figures 36 and 37). Even
though the 65-74-year-old age group had the highest WTP compared with other groups, the WTP
for floral designs at the $80 price point was still about half of the retail price of the designs. The
mean WTP for the 45-54 age group for the $20 floral designs was $23.12 (Table 10, Figure 36)
and $31.51 (Table 11, Figure 37) for the $80 designs. No significant difference in WTP was
found between the 35-44, 45-54, and 55-64 age groups (Table 10 and 11, Figure 36 and 37). The
youngest group, 18-34-year-olds, had the lowest willingness to pay for both $20 and $80 floral
designs, with mean willingness to pay of $20.34 for the $20 designs, and $27.75 for the $80
designs (Table 10 and 11, Figure 36 and 37).
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Generally, WTP increased with the level of education (Table 10 and 11, Figure 38 and 39). Mean
WTP of subjects with a graduate’s degree were the highest in all groups for both $20 and $80
floral designs (Table 10 and 11, Figure 38 and 39). There was no statistically difference between
mean WTP of subjects with associate’s degree and bachelor’s degree at either price point (Table
10 and 11, Figure 38 and 39). Subjects who have a high school diploma or professional
certification had the lowest WTP for both $20 and $80 floral designs (Table 10 and 11, Fig 38
and 39).
Subjects whose annual income is $70,000-$89,999 had the highest willingness to pay at $20
price point (Table 10 and 11, Figure 40 and 41). There were no statistically significant different
in WTP amongst other four groups at $20 price point (Table 10, Figure 40). People making less
than $30,000 annually had the lowest willingness to pay at the $20 price point (Table 10, Figure
40). At the $80 price point, there was no statistically difference in WTP amongst subjects who
make $50,000-$69,999, $70,000-$89,999 and $90,000 or more annually (Table 11, Figure 41).
Subjects whose annual income is $70,000-$89,999 were willing to pay more for $80 floral
designs than those who make less than $49,999 annually (Table 11, Figure 41).
People who purchased flowers a few times weekly or monthly were willing to pay more for the
designs at both $20 and $80 price points, compared with those who purchased flowers a few
times yearly, or never purchased flowers (Table 10 and 11, Figure 42 and 43). We assumed that
people who frequently purchase flowers would appreciate and value flowers more. At the lower
price point, mean WTP of subjects who purchased flowers a few times weekly or monthly was
$31.65, while the other groups were $20.65 (a few times yearly) and $20.53 (never purchase
flowers) (Table 10, Figure 42). At the $80 price point, the few times weekly or monthly group
also had the highest willingness to pay ($43.05) (Table 11, Figure 43). The mean WTP of those
who purchased flowers a few times yearly was $28.17, and $26.76 for those who never purchase
(Table 11, Figure 43).
With respect to race, subjects in the category of “white” had the highest WTP at both the lowand high-end market (Table 10 and 11, Figure 44 and 45). At the low-end market, there was no
statistically difference between Asian, African American/Black, or “Other” races. The mean
WTP for the White group was $22.77 (Table 10, Figure 44). At the high-end market, the mean
WTP for White group was $30.81, followed by Asian consumers ($24.31) and subjects with
other races ($19.80) (Table 11, Figure 45). At the $20 price point, mean WTP for the African
American/Black group was $13.77, and that at the $80 price point was $17.70 (Table 10 and 11,
Figure 44 and 45).
Table 10. Willingness to pay mean separations, comparison between demographic groups at the
$20 price point.
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Source

Number Observation

Mean

Std.
Dev.

Std.
Error

Range
($)

Female
Male
Age

70
61

23.0154
20.0404

15.5476
16.9278

0.4155
0.4846

0-127
1-200

18 – 34
35 – 44
45 – 54
55 – 64
65 – 74
Education

50
41
19
17
4

Gender
1400
1220

t test/
F test
(p-value) z
-4.6602
(<.0001**)

6.7649
(<.0001**)
1000
820
380
340
80

20.3355 c
21.5129 bc
23.1157 b
22.3118 bc
29.0600 a

14.5234
12.6417
24.9117
14.1774
22.8389

0.4593
0.4415
1.2779
0.7689
2.5535

0-127
1-65
2-200
3-72
3.99-95
9.4373
(<.0001**)

High school 59
or
professional
certification
Associate’s 45
degree
Bachelor’s
11
degree
Graduate
16
degree
Annual Income

1180

18.4649 c

12.7821

0.7145

0.9-65

900

22.0445 b

18.8270

0.5481

0-200

220

21.1909 b

13.9758

0.4659

1-127

320

25.8082 a

13.5508

0.9136

3.99-72

Less than
$30,000
$30,000$49,999
$50,000$69,999
$70,000$89,999
$90,000 or
more
Race

40

800

19.7045 c

22.3290

0.9272

0-200

35

700

20.6731 bc 15.9965

0.5656

0.9-127

10

200

22.9414 b

12.3982

0.4686

1-72

29

580

27.3650 a

13.3887

0.9467

10-65

17

340

21.0935 bc 11.6787

0.6334

1-65

10.3094
(<.0001**)

23.6204
(<.0001**)
48

Asian
11
220
African
8
160
American/B
-lack
White
109
2180
Other
3
60
Frequency of Flower Purchase

17.7354 b
13.7719 b

10.0104
11.6287

0.6749
0.9193

0.9-45
0-48

22.7682 a
15.5167 b

16.8702
13.8827

0.3613
1.7923

1-200
4-50

Few times
weekly or
monthly
Few times
yearly
Never

52.0722
(<.0001**)

12

240

31.6500 a

30.8008

1.9882

4-200

89

1780

20.6512 b

12.4384

0.2948

0.9-70

30

600

20.5263 b

16.5843

0.6771

0-127

z Single (*) and double (**) asterisks are used to denote significance at the 0.05 and 0.01 levels, respectively.
Levels not connected by same letter are significantly different.

Table 11. Willingness to pay mean separations, comparison between demographic groups at the
$80 price point.
Source
Number Observation Mean
Std.
Std.
Range t test/
Dev.
Error ($)
F test
(p-value) z
Gender
-7.0726
(<.0001**)
Female
70
1400
32.0405
20.0960 0.5371 0-234
Male
61
1220
25.9703
23.3830 0.6695 0-250
Age
14.2280
(<.0001**)
18 – 34
50
1000
27.7546 c 20.0950 0.6355 0-234
35 – 44
41
820
27.9745 bc 14.6322 0.5110 1.5-85
45 – 54
19
380
31.5053 b 35.7123 1.8320 2-250
55 – 64
17
340
30.1147 bc 16.8059 0.9114 0-85
65 – 74
4
80
45.4475 a 29.9578 3.3494 5.99105
Education
5.8711
(<.0005**)
High school 59
1180
25.4809 c 16.8451 0.9417 2-100
or
professional
certification
49

Associate’s 45
degree
Bachelor’s
11
degree
Graduate
16
degree
Annual Income

900

29.2919 b

25.5042

0.7425

0-250

220

29.4103 ab 19.3204

0.6440

1-234

320

33.4218 a

1.0599

5.9976

Less than
$30,000
$30,000$49,999
$50,000$69,999
$70,000$89,999
$90,000 or
more
Race

40

800

27.5140 b

31.6934

1.3160

0-250

35

700

28.0082 b

21.9501

0.7761

1-234

10

200

29.7000 ab 14.4833

0.5474

2-76

29

580

34.1600 a

15.8312

1.1194

10-75

17

340

31.0406 ab 15.6874

0.8508

5-85

15.7209

4.7369
(<.0001**)

26.7617
(<.0001**)

Asian
11
220
African
8
160
American/B
-lack
White
109
2180
Other
3
60
Frequency of Flower Purchase

24.3086 b
17.7031 c

Few times
weekly or
monthly
Few times
yearly
Never

13.4656
14.9770

0.9078
1.1840

2-68
0-78

30.8129 a 22.7916
19.8000 bc 13.5657

1.7513
0.4881

0-250
5-60
55.9393
(<.0001**)

12

240

43.0500 a

42.7358

2.7586

8-250

89

1780

28.1748 b

15.6525

0.3710

0-100

30

600

26.7622 b

23.5314

0.9607

0-234

z Single (*) and double (**) asterisks are used to denote significance at the 0.05 and 0.01 levels, respectively.
Levels not connected by same letter are significantly different.
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Figure 34. Mean willingness to pay comparison of the $20 floral designs by gender.

Figure 35. Mean willingness to pay comparison of the $80 floral designs by gender.
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Figure 36. Mean willingness to pay comparison of the $20 floral designs by age.

Figure 37. Mean willingness to pay comparison of the $80 floral designs by age.

52

Figure 38. Mean willingness to pay comparison of the $20 floral designs by education.

Figure 39. Mean willingness to pay comparison of the $80 floral designs by education.
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Figure 40. Mean willingness to pay comparison of the $20 floral designs by annual income.

Figure 41. Mean willingness to pay comparison of the $80 floral designs by annual income.
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Figure 42. Mean willingness to pay comparison of the $20 floral designs by frequency of
flower purchase.

Figure 43. Mean willingness to pay comparison of the $80 floral designs by frequency of
flower purchase.
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Figure 44. Mean willingness to pay comparison of the $20 floral designs by race.

Figure 45. Mean willingness to pay comparison of the $80 floral designs by race.
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Stage 2 Conclusions: Analysis of Flower Form
Even though floral designers can see the differences between $20 and $80 arrangements,
consumers may not, based on the fact that their mean willingness to pay for the $80 floral
arrangements is only $7.58 more than that of the $20 floral arrangements.
At both the low and high price points, consumers placed the highest value in geometric designs
as seen in the greatest increase in WTP for horizontal and asymmetrical triangle designs, which
confirms that geometric design style is still highly preferred in the US as the typical American
style. Loose vase designs had about same change in WTP at the two price points.
At the $20 price point, the parallel design had no change in WTP compared to the baseline
bouquet. None of the different forms of flower influenced WTP either. In other words, adding
line, unique, or filler flowers to the mass flowers did not lead to an increase in profit for the
arrangements at this price point.
At the $80 price point, however, parallel design increased WTP significantly by $10.65. Adding
line flowers in the $80 designs also significantly increased consumers’ WTP by $2.43. The
significant increase in WTP for both the parallel design and line flowers confirms consumer
preferences for line in high-style designs as parallel design emphasizes online element of floral
design.
The mean WTP for our $20 floral designs was $21.63. About half of the subjects were priced out
of the market at this price point. The mean willingness to pay for the $80 floral designs was
$29.21. At this price point, only 1.6% of the subjects were willing to pay more than $80. The
majority of the subjects were priced out of the market.
There were statistically differences in WTP between demographic groups at both low and high
price points.
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Stage 3 Methodology: Analysis of Flower Species
Species substitution
Experimental design
The objective of this stage was to better understand consumer preferences for specific species of
flowers. The experiment was designed to evaluate whether consumers’ willingness to pay for an
arrangement changes if we substituted high-cost flowers with same color, similar shape, but less
expensive species. Five stems of expensive species were substituted with less expensive in each
design set. We wanted to know whether consumers would notice the substitution, and if it
ultimately made a difference in their perceived value and beauty rating of the arrangements.
The design style chosen for this experiment was a hand-tied bouquet as it is the most common
style in the market. To be consistent among the stages of the study, we used the same four
species as in the choice experiment in Stage 1: roses, carnations, alstroemeria, and
chrysanthemums. These were used as the baseline, inexpensive species to see if they could serve
as substitutes for more expensive species.
The expensive species chosen to resemble alstroemeria was nerine. The wholesale price for
alstroemeria was $0.67 per stem versus $2.50 for one stem of nerine. Ranunculus was the
expensive species resemblance for carnation, as they are both round and have many layers of
petals. The wholesale price for ranunculus was $1.83 per stem, and that for carnations was $0.49
per stem. For roses, we substituted using double lisianthus, which cost more than twice as much
as a regular, tea rose ($2.40 versus $1.15 per stem). Dahlia was the expensive species alternative
for football chrysanthemum. The wholesale price of dahlia was $4.64 per stem as opposed to
$1.10 per stem for a football chrysanthemum.
Implementation: Online Survey
This experiment was built in the same Qualtrics online survey as Stage 2. The online survey
included 8 questions for this stage, 4 open-ended willingness to pay questions (Figure 5), and 4
5-point Likert scale questions (Figure 6). For willingness to pay question, subjects were asked
“How much would you be willing to pay for this arrangement?” A picture of the floral
arrangement was shown to the subjects under each question. The subjects were asked to only
type a dollar value without the dollar sign in the text box. The content validation was set to be
numbers only with minimum being 0, maximum being 250, and 2 decimals maximum. For the
Likert scale questions, we asked the subjects to express their agreement to the question “Is this
floral arrangement aesthetically appealing to you?” on a 5-point Likert scale. The five points on
the scale were strongly disagree, somewhat disagree, neither agree nor disagree, somewhat agree
and strongly agree.
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Figure 5. Example of a willingness to pay question for the species substitution experiment.

Figure 6. Example of a 5-point Likert scale question for the species substitution experiment.
Statistical Analysis
Student t-tests were used to measure differences in willingness to pay for each design set. Student
t-test and Wilcoxon rank-sum tests were applied for comparing Likert scale ratings between
bouquets with expensive species and inexpensive species.
Flower Symmetry
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Experimental design
Flower symmetry refers to whether or not a flower can be segmented into identical or mirror
image parts of itself. The most common, naturally occurring flower symmetry types are bilateral,
radial, and asymmetric. Bilateral flowers can be divided by only a single axis into two mirrorimage halves, much like a person's face. Examples are orchids. Most flowers in nature are radial,
which can be divided into three or more identical sectors which are related to each other by
rotation around the center of the flower. Examples of flower species in this category are rose,
carnation, lily, and chrysanthemum. Uncommonly, some flowers may have no axis of symmetry
at all. These types of flowers are called asymmetric flowers. Calla lily and bird of paradise are
two examples of symmetry type.
In this experiment, we rated the perceived beauty of flowers with bilateral, radially symmetric,
and asymmetric flowers. The objective of this experiment was to determine which flower
symmetry is more preferred than others. We expected symmetry would play an important role in
the evaluation of flower beauty. The research question for this experiment was: Are bilateral
symmetry flowers more attractive than radial symmetry flowers?
This experiment was conducted with the same Qualtrics online survey tool used with the flower
form type and species substitution experiment. A total of eight flowers were investigated in this
experiment, two with bilateral symmetry, which were Anthurium and Phalaenopsis orchid. Four
flowers were in radial symmetry group, which were dahlia, rose, ranunculus, and daisy pompon
chrysanthemum. The third group, asymmetric flowers, included calla lily and bird of paradise.
Implementation: Online Survey
This experiment was conducted using the Qualtrics online survey software as in Stage 2. The
online survey included eight questions for this experiment. Each question had a picture of a
flower under the question “Is this flower aesthetically appealing to you?” The subjects were
asked to express their agreement with a question on a five-point Likert scale. The five points on
the scale were strongly disagree, somewhat disagree, neither agree nor disagree, somewhat agree
and strongly agree (Figure 7). The color of the pictures was removed, and the size of the flowers
in the picture was synchronized to avoid the effect of color or size on the beauty rating. An
example of a Likert scale beauty rating question is shown in Figure 7. The order of the pictures
seen by the survey subjects was randomized to avoid the ordering effect.
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Figure 7. Example of 5-point Likert scale beauty rating question for individual flower symmetry
experiment.
Statistical Analysis
The Wilcoxon rank-sum test were applied for comparing Likert scale ratings, and Tukey’s HSD
range test was applied for mean separation.

Stage 3 Results: Analysis of Flower Species
Species Substitution
A total of 131 people participated in this study, of whom, 69 rated the bouquets with expensive
species and 62 rated the bouquets with inexpensive species. The demographic structure of the
subject sample was the same as the studies in Stage 2.
Nerine (when substituted for alstroemeria) cost about $12.50 per arrangement (5 stems) verses
$3.35 for Alstroemeria (5 stems). However, there was no statistically significant difference in
consumers’ willingness to pay for the two bouquets or the attractiveness rating of them (Table 12
and 13, Figure 46 and 47).
Ranunculus (when substituted for carnations) cost about $9.15 per arrangement (5 stems) versus
$2.45 (5 stems) for carnation. Again, no difference was found either in the mean willingness to
pay, or attractiveness rating for either species (Table 12 and 13, Figure 46 and 48).
Double lisianthus (when substituted for roses) costs about $12.00 per arrangement (5 stems)
verses $5.75 for rose (5 stems). No significant difference was found either in the mean
willingness to pay, or attractiveness rating for either species (Table 12 and 13, Figure 46 and 49).
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Dahlia (when substituted for chrysanthemums) cost about $23.19 per arrangement (5 stems)
verses $5.50 (5 stems) for chrysanthemum. Again, the mean comparisons of willingness to pay
and attractiveness ratings between the two showed that our subjects rated them equally (Table 12
and 13, Figure 46 and 50).
Table 12. Willingness to pay mean comparison between expensive species and inexpensive
species.
Species
Number
Mean
Std. Dev. Std.
Range
t test
Error
($)
(p-value)
Nerine vs Alstroemeria
-1.0789
(0.2826)
Nerine
69
29.2172
18.1473
2.1847
0-101
Alstroemeria
62
32.6287
17.9978
2.2857
6-100
Ranunculus vs Carnation
-0.3416
(0.7332)
Ranunculus
69
26.9274
18.1473
2.0713
0-85
Carnation
62
27.9352
17.9978
2.1003
0-75
Lisianthus vs Rose
-1.2027
(0.2313)
Lisianthus
69
26.5071
Rose
62
29.9029
Dahlia vs Football chrysanthemum

18.1473
17.9978

Dahlia
69
Football
62
chrysanthemum

14.0807
19.7052

21.8622
26.4997

1.9264
2.0644

0-90
6.99-98
-1.5343
(0.1279)

1.6951
2.5026

Single (*) and double (**) asterisks are used to denote significance at the 0.05 and 0.01 levels, respectively.

62

0-80
1-120

40.0

WTP (dollar value)

35.0
30.0

32.6
29.2

27.9

29.9
26.9

26.5

26.5

25.0

21.9

20.0
15.0

10.0
5.0
0.0
Alstroemeria Nerine

Carnation Ranunculus

Rose

Lisianthus

Chrysanthemum Dahlia

Species

Figure 46. Willingness to pay mean comparison for all species.
Table 13. Likert scale rating comparison between expensive species and inexpensive species.
Species
Number
Mean
Std. Dev. Std.
t test
Wilcoxon
Error
(p-value)
Rank Sums
(p-value)
Nerine vs Alstroemeria
0.5162
-0.1199
(0.2826)
(0.9046)
Nerine
69
4.0725
0.8798
0.1059
Alstroemeria
62
3.9839
1.9634
0.1351
Ranunculus vs Carnation
-0.6578
0.7669
(0.5118)
(0.4418)
Ranunculus
69
3.6087
1.1404
0.1373
Carnation
62
3.7419
1.1726
0.1489
Lisianthus vs Rose
-1.7641
1.5447
(0.0801)
(0.1220)
Lisianthus
69
4.0435
1.0209
0.1229
Rose
62
4.3226
0.7846
0.0996
Dahlia vs Football chrysanthemum
0.1838
-0.0705
(0.8545)
(0.9438)
Dahlia
69
3.6812
1.1047
0.1330
Football
62
3.6452
1.1322
0.1438
chrysanthemum
Single (*) and double (**) asterisks are used to denote significance at the 0.05 and 0.01 levels, respectively.
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Figure 47. Likert scale frequency comparison of alstroemeria and nerine.

Figure 48. Likert scale frequency comparison of carnation and ranunculus.
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Figure 49. Likert scale frequency comparison of rose and lisianthus.

Figure 50. Likert scale frequency comparison of chrysanthemum and dahlia.

Flower Symmetry
The number of subjects for this experiment was 131. The demographic structure of the sample
was the same with flower form type portion of the experiment.
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Tukey’s HSD test revealed that the perceived beauty of roses was rated the highest (4.36),
followed by dahlia (3.84) and ranunculus (3.82) (Table 14, Figure 51). These three flowers all
fall into the radial symmetry group. Anthurium with bilateral symmetry was the least preferred
with the lowest mean Likert scale rating (2.56) (Table 14, Figure 51).
Mean separation of three flower symmetry groups indicated that the radial symmetry group was
the most preferred (3.77), followed by asymmetric flowers (3.19). The bilateral symmetry group
was the least attractive symmetry group with a mean Likert scale rating of only 2.92 (Table 15,
Figure 52).
Table 14. Likert scale rating comparison of individual flower symmetry.
Species
Number
Mean
Std. Dev.
Std. Error

Rose
Dahlia
Ranunculus
Calla lily
Orchid
Chrysanthemum
Bird of paradise
Anthurium

131
131
131
131
131
131
131
131

4.3588 a
3.8397 b
3.8244 b
3.4504 bc
3.2748 cd
3.0000 cde
2.9237 de
2.5649 e

0.9288
1.1276
1.2120
1.2039
1.3362
1.2026
1.3337
1.3132

F test
(p-value) z
30.4137
(<.0001**)

0.0811
0.0986
0.1059
0.1052
0.1167
0.1051
0.1165
0.1148

z Single (*) and double (**) asterisks are used to denote significance at the 0.05 and 0.01 levels, respectively.
Levels not connected by same letter are significantly different.

Table 15. Likert scale rating comparison of three flower symmetry groups.
Species
Number
Mean
Std. Dev.
Std. Error

Radial
Asymmetric
Bilateral

655
262
262

3.7725 a
3.1870 b
2.9234 c

1.2952
1.3707
1.2034

0.0800
0.0858
0.0470

z Single (*) and double (**) asterisks are used to denote significance at the 0.05 and 0.01 levels, respectively.
Levels not connected by same letter are significantly different.
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F test
(p-value) z
49.7419
(<.0001**)

Figure 51. Likert scale beauty rating mean comparison of individual flower symmetry.

Figure 52. Likert scale beauty rating mean comparison of three flower symmetry groups.
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Stage 3 Conclusions: Analysis of Flower Species Substitutions
and Symmetry
Species Substitution
As no statistically difference was shown in either willingness to pay or beauty rating for any of
the expensive and inexpensive species comparison group, we could conclude that the expensive
species could be substituted with less expensive species to increase profit margin.
We applied monochromatic color harmony for all the bouquets in this study, the bouquets with
both expensive and inexpensive species (e.g. nerine and alstroemeria) was considered as mixedspecies. The ones with only inexpensive species (e.g. alstroemeria only) was considered monospecies. As consumers rated them equally, consumers prefer and value mono-species and mixedspecies bouquets in this study equally.
Flower Symmetry
Roses were rated the highest on attractiveness followed by dahlia and ranunculus. Anthurium
was rated the lowest. No demographic differences were found for any of these flowers. Round
and radial flowers are most commonly seen in the nature. They are considered to be easy to
recognize and the most aesthetically appealing. Cultural influence may also explain why roses
have the highest perceived beauty value, as rose is the national flower of the United States. This
may endow it with symbolic value for this culture.
The results of our study are consistent with previous studies. Radial flowers were considered
most appealing, which may be due to the ease with processing, and peoples’ preference for round
objects over objects with sharp contours (Bar and Neta, 2006; Leder et al., 2011; Silvia and
Barona, 2009; Westerman et al., 2012). Radially symmetrical flowers have the most axes
compared with other two symmetry groups in this experiment. The processing time shortens, and
the preference increases with the increase in an object’s axes of symmetry (Evans et al., 2000;
Tinio and Leder, 2009).
Bilaterally symmetrical flowers had the lowest beauty rating. Bilateral flowers were less
common and were generally perceived as difficult to recognize and categorize, which result in
their low beauty rating (Hula and Flegr, 2016). According to Hula and Flegr (2016), some survey
subjects in their study perceived bilateral flowers as bizarre.
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