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The color of the background on which products are presented may affect their perceived attractiveness.
We presented five different vegetables (tomato, carrot, yellow bell pepper, cucumber, eggplant) on four
different background colors (orange or blue, either light or dark). Although the backgrounds did not affect
the direct color perception of the vegetables, they did affect their perceived attractiveness, with quite dif-
ferent backgrounds proving optimal for the various vegetables. These outcomes suggest that it is difficult to
find non-neutral background colors on which a large number of vegetables can be presented in an optimal way.

� 2016 Elsevier Ltd. All rights reserved.
1. Introduction

In order to stimulate the sales of fresh produce in retail stores, it
is important that the products are presented in an attractive man-
ner, so that they look appetizing. One important aspect for an
attractive presentation concerns the color of the materials on
which products are presented. In many retail settings a number
of fruits or vegetables are presented on a tray or in a crate, possibly
covered with a transparent material. Alternatively, the produce
may be packed in a fully transparent packaging that is presented
on retail shelves or in common crates. Hence, packaging materials
are not only important to protect products during transport and
handling, but together with the trays, crates, or shelves on which
products are presented, they form the colored backgrounds against
which potential buyers and consumers evaluate fresh produce.

Theoretically, the perceived color of objects may be affected by
the color of the background on which it is presented. In the litera-
ture on fundamental visual perception mechanisms, two well-
known effects regarding background and foreground colors are
called color assimilation and simultaneous color contrast (e.g.,
Stockman & Brainard, 2009). In the case of color assimilation the
color of an area is perceived to be closer to that of the surround
than when viewed in isolation, whereas in the case of color con-
trast it has shifted in the opposite direction. Hence, the perception
of produce presented on a colored background might change,
depending on the color of the background on which it is presented.

However, many studies in visual perception research have been
performed using two-dimensional and quite abstract stimuli,
instead of using realistic 3D objects. The classical papers by Edwin
Land (Land, 1959a,b,c; Land & Daw, 1962) already made clear that
color percepts of natural, complicated images are dependent on the
interplay of elements over the total visual field. Recent studies
showed that for real, 3D objects in articulated scenes color con-
stancy under illuminant changes is enhanced relative to 2D setups
(Hedrich, Bloj, & Ruppertsberg, 2009). In studies with 3D objects
the background had little effect on perceived object colors in con-
trast to 2D scenes (Allred & Olkkonen, 2013), and the hue could be
matched quite accurately for smooth and glossy as well as matte
and rough objects (Giesel & Gegenfurtner, 2010).

Nonetheless, visual as well as spectral color measurements of
orange juice dilutions have been shown to be influenced by the
background on which they are presented (Meléndez-Martínez,
Vicario, & Heredia, 2005). In this case, however, the effect of back-
ground is likely being caused by an optical mechanism: Because
orange juice is fairly translucent, the background shines through
the fluid. Hence, this situation is different from when a colored
background is put behind an (almost) opaque object.

As concerns aesthetic responses (preference, liking, attractive-
ness) with 2D stimuli, Schloss and Palmer (2011) have shown that
all foreground colors are generally liked when presented on a cool
colored background (e.g., blue), while only the cool foreground
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colors are liked when presented on a warm colored background
(e.g., orange). If this also holds for 3D objects, the attractiveness
of fresh produce in retail stores is likely to depend highly on the
colors of the materials on which it is presented.

Nonetheless, it seems as if the colors of the fresh produce dis-
plays in most outlets have received only limited attention in every-
day retail practice. In many cases fresh produce is presented in
plastic crates with relative neutral, uniform colors, such as black
or grey, which seem to be the result of practical concerns during
transportation, and not of explicit considerations of the way in
which retailers can optimize product presentation. Alternatively,
fruits and vegetables may be presented on wood-like materials,
probably with the intention to evoke associations of naturalness,
even though the material may be difficult to clean, accommodate
harmful insects, and damage the produce through wood splinters.
Hence, it is important to investigate to what extent the consumer
perception of produce depends on the colors of background mate-
rials, in order to determine whether retail managers should take
these effects into account when displaying their products.

Although we investigate color in the present study as a color
perception phenomenon, it is important to realize that consumers
may attach different types of meanings to colors. For instance, nat-
ural variations in product color may be associated with ripeness
and sour-sweet ratio (green, yellow, red) and with spoilage
(browning) for produce. In this case, the colors are directly instru-
mental in communicating product properties. Furthermore, for
many processed foods the colors of its packaging may be associ-
ated with particular product variants or flavors (Ngo, Piqueras-
Fiszman, & Spence, 2012; Piqueras-Fiszman, Velasco, & Spence,
2012; Velasco et al., 2014) or with particular product properties
(Roullet & Droulers, 2005). In this case, the packaging color itself
can facilitate the identification of certain product aspects. Besides,
colors may also have a symbolic value and generate particular cog-
nitive associations (Ares & Deliza, 2010) and these associations
may differ between cultures (Madden, Hewett, & Roth, 2000). For
instance, the color red is a signal for danger in many societies,
which may decrease consumption probability (Genschow,
Reutner, & Wänke, 2012; Reutner, Genschow, & Wänke, 2015),
but in China the color red is likely to have an opposite effect,
because there it is associated with good luck and prosperity. Fur-
thermore, colors may also bring their own hedonic evaluations
(Madden et al., 2000; Valdez & Mehrabian, 1994; Whitfield &
Wiltshire, 1990), even though color preferences highly depend on
the context in which they are perceived (e.g., the size and the type
of object that carries the color; Holmes & Buchanan, 1984).
Although color meaning could have an impact on the perceived
attractiveness of colors and objects, we focus here mainly on
how product evaluations are affected by the visual perception of
background color.

In the current paper we investigate the effects that background
colors have on the direct color perception and the evaluation of the
attractiveness of fresh vegetables. We evaluate whether principles
demonstrated in the visual perception literature can be extrapo-
lated to the presentation of fresh produce and if product attractive-
ness judgments are affected. Because we would like our study to be
relevant for retail practice, we asked a professional designer to
select the background colors for the test.
2. Method

2.1. Participants

Forty-four volunteers, 19 females and 25 males, participated in
the study. The females varied in age between 18 and 29, with a
mean age of 20.7 years. The males varied from 21 to 31, with a
mean age of 23.5 years. 93% of respondents were students of Brig-
ham Young University (BYU), 7% were friends or family members
associated with the students. The majority of participants (61%)
were undergraduate students from the Industrial or Graphic
Design Departments, and another significant part (23%) had an
engineering/technical background. The remainder (16%) came
from a variety of backgrounds. All participants were screened for
color blindness using an Ishihara test before participating. The
experiment was approved by the BYU Institutional Review Board
(IRB) for Human Subjects (study number E15416).

2.2. Stimuli

The study was performed with five different vegetables, each in
a different color: tomato (red), carrot (orange), bell pepper
(yellow), cucumber (green), and eggplant (blue/purple). These
products were chosen, because they were prototypical examples
of the vegetables in these color categories, had similar smooth skin
textures and had fairly homogeneous colors over their whole
surface.

We used an elaborate procedure to identify the colors from the
NCS atlas that best describe the actual colors for each of the five
vegetables as objectively as possible. These assessments were nec-
essary to select the pages of the color atlas that we provided to the
participants in the color matching task. A professional designer
(the second author) removed swatches from the NCS color atlas
and held them close to the vegetable sample in the experimental
setup, so that the lighting was the same as during the experiment.
He varied the comparison location over the sample, to take into
account any color variation over the sample surface. By stepping
back and forth through the swatches of the atlas, the best overall
match was determined for each sample. The selection thus made
consisted of the following hues: tomato (Y80R), carrot (Y50R), bell
pepper (Y10R), cucumber (G40Y), and eggplant (R).

The Natural Colour System (NCS) is a logical, perception-based
color notation system. The NCS codes describe a color by its hue,
blackness and chromaticness (see Fig. 1 for a photograph of two
of its pages). The hue is described by its degree of similarity to
the elementary colors yellow, red, blue, and green. Blackness is
how dark the hue is and chromaticness is how saturated the hue
is. On each NCS atlas page (41 pages in total), the approximately
50 unique color swatches exhibit many variations in blackness
and chromaticness, but the hue is constant.

2.3. Backgrounds

In order to select background colors for the present study, we
wanted to use blue and orange as backgrounds, based on the
experimental finding that all foreground colors are liked when pre-
sented on a cool colored background, while only the cool figure col-
ors are liked when presented on a warm colored background
(Schloss & Palmer, 2011). Hence, we expect that products with
warm colors (red, orange, yellow) are perceived as less attractive
when presented on an orange than on a blue background, whereas
products with cool colors (green, blue) are perceived as equally
attractive when presented on the different backgrounds.

In addition, we make use of the finding that simultaneous
contrast can enhance a product’s appeal when presented on a
background that contrasts with the presented product (Lyman,
1989). Therefore, we will use both light and dark background
colors and we expect that products with dark colors are perceived
as more attractive when presented on a light background than on a
dark background, while the opposite is true for products with light
colors.

In order for our finding to be relevant for design practice, we
asked a professional designer (the second author) to select blue



Fig. 1. Two pages of the NCS atlas, showing two different hues. At each page the blackness and chromaticness vary over the pages in vertical and horizontal directions,
respectively.
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and orange colors that were either light or dark (2 � 2 = 4 back-
ground colors) and that would be appropriate for effectively dis-
playing an assortment of all five vegetables in different colors in
an optimal way, according to his personal opinion.

In the process of selecting the four background colors, the
designer photographed all five chosen vegetables in one shot and
transferred that image to an online digital tool color.adobe.com.
This tool places each color on a single color wheel, providing an
estimated visual and numerical understanding of the spatial rela-
tionships of these five vegetable hues and permitting identification
of the vegetables’ complementary colors, which lay directly oppo-
site of the identified colors on the wheel. The complement of any
selected color provides the strongest color-contrast to the selected
color. Designers understand that objects appear more vivid and
richly colored when placed on somewhat neutral, single hued sur-
rounds that provide hue, chromaticness and blackness contrast
(Brown &MacLeod, 1997). Hence, providing a contrasting surround
is an important step in presenting an object in its most attractive
manner.

While defining a complementary color for an individual veg-
etable color is fairly simple, accomplishing the same for a family
of variable colors is quite complex. With the insights gained from
the color wheel, the designer selected complementary hue pages
from the NCS color atlas and passed the vegetables over the pages
to identify which four background colors effectively presented the
family of vegetables. Because all the vegetables have saturated col-
ors, the contrasting colors were low in saturation, having a notice-
able grey component in them. A significant amount of visual
averaging occurred between the different vegetables and multi-
tude of color swatches during the final color background selection.
For example, the selected swatchmay not have been an ideal visual
match with a tomato and a bell pepper, but it was equally accept-
able with both, whereas another color swatch might have been
more visually attractive with the tomato but less so with the pep-
per. In this search process, balancing the blackness and chromatic-
ness levels for the family of vegetable colors was the primary
challenge, while choosing the hue was easier. The final selection
of background colors consisted of: Light orange (2010 Y20R), Dark
orange (6020 Y20R), Light blue (2020 R80B), and Dark blue (6020
R80B).
2.4. Procedure

The study was conducted in a dark room on the BYU campus
with blacked out windows and no peripheral lighting. The only
sources of light were artificial lights in the testing cubicles. Ses-
sions were conducted in groups of 4 or 5 participants simultane-
ously. When the participants entered the room, they seated
themselves at one of the five available viewing cubicles.

Each cubicle was a five-sided box with white paper walls and
ceiling and a mid grey paper table surface. The cubicles were 115
(length) � 50 (width) � 50 (height) cm and illuminated by two
120 cm long fluorescent tubes. A bulk pack of 10 lamps was pur-
chased for the test, so that each cubicle had identical lamps from
the same manufacturing session and the same number of in-use
hours. Each lamp was specified at 40 W, 2500 lm with a color-
rendering index of 90 and a color temperature of 5000 K. The tubes
were T12 size and mounted as a pair in a white sheet metal
housing.

The luminance level in each cubicle measured 1150 lm at the
center of the booth from the left and right sides, 25 cm from the
back wall and at the table surface, as measured with a GreenLee
digital light meter. The luminance level for each booth was man-
aged by a simple aperture system of two sliding foam core sheets
placed directly below the lamps.

In the cubicle, one whole sample of each vegetable was pre-
sented on a semi-matte A4 NCS paper. These sample papers had
a coating, which made them less susceptible to being spoilt by
any juices coming from the vegetables in case they were damaged.
The samples on the paper were placed against the back wall of the
viewing booth and in front of the participant at a distance of about
50–60 cm. Participants were instructed to look at the produce sam-
ple without touching it.

Color matching session
First of all, we determined whether any potential changes in

product attractiveness were based on shifts in a vegetable’s per-
ceived color as viewed on the four differently colored backgrounds.
In the color-matching sessions, participants were asked to pick the
color that best represented the color of the product from three
pages of the NCS atlas, which were presented right in front of the
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participant. One hue page contained the matching color as deter-
mined by the designer’s judgment. The other two pages were the
adjacent hue pages from the NCS atlas. For evaluating the color
of the tomato participants were presented with NCS pages Y70R,
Y80R and Y90R, for the carrot with Y40R, Y50R, and Y60R, for the
bell pepper with Y, Y10R, and Y20R, for the cucumber with G30Y,
G40Y, and G50Y, and for the eggplant with C = 00/C = 02, R, and
R10B. The three NCS pages were presented to the participants in
different orientations for each sample and participants were
allowed to move them around as they wished.

A mid grey mask was created for each atlas page covering the
numerical swatch identifications and other incidental printing on
the page yet allowing each swatch to be clearly seen (see Fig. 2).
This mask was hinged on one side allowing the respondents to lift
the mask up to identify the code for their chosen color swatch.
Furthermore, participants were provided with a 10 � 10 cm mid
grey hand held mask that allowed them to view each color
sample separately. They were asked to note down the NCS color
code of the matching color. They had up to 45 s to evaluate each
sample.

Product evaluation session
In the product evaluation sessions, vegetable samples were

again presented on a semi-matte A4 NCS paper and respondents
were asked to judge the attractiveness of the produce samples by
marking a box for each of the response scales listed on the form.
The response scales measured the degree to which the produce
sample looked appetizing, healthy, fresh, natural, beautiful, tasty,
and attractive and the degree to which the color of the produce
sample looked vibrant and vivid on a 9-point scale anchored with
end points ‘Not at all’ (1) and ‘Very’ (9). They had about 80 s to
evaluate each sample.

After evaluating a sample in a color matching or a product eval-
uation session, participants handed in their forms and switched
cubicles. They repeated this until they had evaluated all five pro-
duce samples. During a single round, all five vegetables were pre-
sented on the same background color. After they evaluated all five
produce samples, participants were requested to leave the room
while the assistants placed the samples in different viewing cubi-
cles and on a different background.

In total, each participant finished four rounds of color assess-
ments and four rounds of product evaluations, one round for each
background color. The type of assessment alternated between con-
secutive rounds. The sequence of the background colors that was
used in the eight rounds was determined by chance and was differ-
ent for each group of 4 or 5 participants.
Fig. 2. Overview of a testing cubicle prepared for the color assessment task,
showing a card indicating the background color and vegetable codes, the vegetable
presented on a background sheet, the three NCS pages with masks, and the small
grey handheld mask.
2.5. Data analysis

Color assessments were recorded as NCS codes, which consist of
a percentage value for blackness (from white to black), for chro-
maticness (from grey level to saturated), and for hue (from yellow
to red for tomatoes, carrots, and bell peppers; from red to blue for
eggplants; from green to yellow for cucumbers). We analyzed
these three percentage values in a doubly multivariate ANOVA
with repeated measures for Products and Backgrounds in IBM SPSS
version 22. Although the hue percentage values refer to the balance
between different hues for different products, this does not hinder
us in demonstrating whether background color affects the percep-
tion of the hue for the various products, because the MANOVA
takes into account the interdependence between the dependent
measures. We used the F-values corresponding to Wilks’ Lambda
to evaluate multivariate effects.

The ratings on the nine response scales were analyzed by
repeated measures ANOVA. In accordance with Stevens (2002),
we corrected the degrees of freedom with the Greenhouse – Geis-
ser e if e < 0.7, and we averaged the e values from Greenhouse –
Geisser and Huynh – Feldt, when e > 0.7 in subsequent repeated
measures ANOVAs of single variables. Differences between
individual stimuli were investigated by a posteriori t-tests with
Bonferroni adjustment.
3. Results

3.1. Color matching

The multivariate tests of the three percentage values describing
the NCS-matched colors showed a significant main effect of
Product [F(12,439) = 915.0, p < 0.001, g2 = 0.94], but not for
Background [F(9302) = 0.7, p > 0.20, g2 = 0.02] nor for the
Product � Background interaction [F(36,1484) = 1.3, p > 0.15,
g2 = 0.03]. Hence, the perceived color of the vegetables in the cur-
rent study does not depend on the background against which they
are presented.

The colors that were selected most often by the participants for
the different vegetables – with frequencies between parentheses –
for tomato were 2075 Y70R (30), 2070 Y80R (24), and 1580 Y80R
(21), for eggplant they were 8502 R (90) and 8010 R10B (66), for
carrots they were 0570 Y60R (32), 1070 Y60R (25) and 0570
Y50R (18), for bell peppers they were 0585 Y20R (61) and 0580
Y20R (58), and for cucumbers they were 3060 G40Y (21), 4050
G40Y (17), and 4550 G40Y (15).
3.2. Product evaluations

Responses on the nine response scales were generally highly
correlated. Principal components analysis yielded only a single fac-
tor with Eigenvalue > 1, with this single factor explaining 73% of
total variance. This outcome suggests that the response scales tend
to measure a single underlying construct. The attribute that loaded
highest on this factor was the attractiveness item (0.92). Therefore,
we decided to present the analyses here only for this item, as the
outcomes for the other items are highly similar.

Repeated measures ANOVA for the attractiveness ratings
showed a significant Product� Background interaction [F(5.3, 222.7) =
38.4, p < 0.001, g2 = 0.48]. The main effects of Product [F(3.4, 142) =
1.8, p > 0.10, g2 = 0.04] and Background color [F(2.7, 112) = 1.8,
p > 0.15, g2 = 0.04] did not reach significance. The absence of the
main effect of background color indicates that none of the back-
ground colors is better than the others for displaying all vegetables.
At the aggregate level, the mean attractiveness rating for the
vegetables presented on the light blue background is highest



Fig. 3. Mean attractiveness ratings (±2 SEM) for five vegetables with different colors, presented on four different backgrounds. The center square of each plot represents a
rating of 1 and the outer square a rating of 9. The four diagonal axes represent the four background colors: light orange (upper left), dark orange (lower left), dark blue (lower
right), and light blue (upper right).
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(6.1), followed by light orange (6.1) and dark blue (6.0), but these
means are not significantly better than for dark orange (5.9), which
has the lowest mean rating. Similarly, the absence of the main
effect for product indicates that the five vegetables do not differ
in attractiveness: The mean attractiveness ratings were highest
for the bell pepper (6.2), followed by the tomato (6.1), the cucum-
ber (6.1), the carrot (6.0), with lowest ratings for the eggplant (5.7),
but these differences were not statistically significant.

The significant interaction between vegetables and back-
grounds is further explored in Fig. 3, which shows the mean attrac-
tiveness responses for the five vegetables presented on the four
different backgrounds. This figure shows that mean attractiveness
ratings for each vegetable differ quite substantially for the four
backgrounds. If we calculate the difference between the mean rat-
ings for the most attractive versus the least attractive presentation
for each vegetable, these difference values vary from 2.05 for the
tomato to 3.61 for the eggplant.

The attractiveness ratings in Fig. 3 do not support the expecta-
tions based on Schloss and Palmer (2011) that products with warm
colors would be perceived as less attractive when presented on an
orange than on a blue background. For the three vegetables with
warm colors, only the results for the yellow bell pepper (0585
Y20R) provide support for the hypothesis: it obtained lower ratings
when presented on orange (4.0 and 6.0) than when presented on
blue backgrounds (7.3 and 7.6). However, the mean attractiveness
rating of the tomato (2075 Y70R) was quite high when presented
on dark orange (6.7) and similar to its top rating on dark blue
(7.0), and was low for both light backgrounds (5.0 and 5.7). In
contrast to the hypothesis, the attractiveness of the carrot (0570
Y60R) was considerably higher on the two orange backgrounds
(7.7 and 7.1) than on the blue backgrounds (4.4 and 4.9). The
prediction that products with cool colors are perceived as equally
attractive when presented on an orange or on a blue background
was not disconfirmed in the present study, because the cucumber
(3060 G40Y) was judged most attractive on the light orange
background (8.0), but also looked very attractive on the light
blue background (6.6), with lower ratings on the two darker
backgrounds (4.4 and 5.2). For the eggplant (8502 R), however,
the highest ratings were obtained on light blue (7.3) and dark blue
(6.1) backgrounds, and lower ratings on the two orange back-
grounds (3.7 and 5.8).

4. Discussion

4.1. Vegetable color perception

Participants assessed the vegetable colors they perceived, using
a color matching task. In this task, they tended to agree more on
the color samples chosen for the eggplant and the bell pepper than
for the other vegetables. This suggests that the perceived color of
the eggplant and the bell pepper was easier to judge than the color
of the other vegetables. This might be partly due to the homogene-
ity of the surface color or to the degree of translucence of the pro-
duct skin for the various vegetables. However, the responses might
also be affected by the availability of the color samples provided in
the NCS system.
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In the present study the colored backgrounds on which the veg-
etables were presented did not affect the perceived colors of the
vegetables. These outcomes are in line with several studies that
have observed improved color constancy for 3D objects in situa-
tions where the perception of 2D stimuli was dependent on back-
ground color (Allred & Olkkonen, 2013; Hedrich et al., 2009).
People are likely to have color expectations for the prototypical
vegetables we investigated. For instance, people will expect a cer-
tain type of orange for a carrot, a dark saturated red for a tomato,
and so on. Strong expectations are likely to enhance perceptual
constancy for the product color (e.g., Troost, 1998), which makes
color measurements resistant to contextual manipulations of the
background color. This could make it interesting to explore what
happens when the vegetables presented have unexpected colors
instead of these prototypical ones. For instance, you can buy car-
rots nowadays that are white, yellow, or purple instead of orange.
How will products with these unexpected colors be experienced
when they are presented on differently colored backgrounds? Will
their color measurements be more susceptible to context effects,
because their perception is not rooted so firmly in long-term
everyday practice?

4.2. Vegetable attractiveness

Although we did not find an effect of our background manipu-
lation on the perceived color of the vegetables, we did find differ-
ences in the perceived attractiveness of the various vegetables.
Each vegetable seems to have its own optimal background color
(s), which typically involves a contrast in hue, blackness, and/or
chromaticness. The optimal color is light orange for the cucumber
(strong hue and blackness contrast), light blue for the eggplant
(strong blackness contrast), light or dark blue for the yellow bell
pepper (strong hue and chromaticness contrast), light or dark
orange for the carrot (strong chromaticness contrast for both back-
grounds and a strong blackness contrast for the dark orange back-
ground), and dark blue or dark orange for the tomato (strong hue,
blackness and chromaticness contrasts).

This pattern of findings did not support the expectations based
on Schloss and Palmer (2011) that products with warm colors
would be perceived as less attractive when presented on an orange
than on a blue background. In particular, the results for the carrot
are quite contradictory to what the hypothesis predicts: Attractive-
ness ratings for the carrot are highest when presented on the
orange backgrounds. In fact, we may observe another phenomenon
here, which is that 3D object colors may become more saturated
when presented on backgrounds with similar hues. This is due to
the interreflections between the object presented on a background
with a similar reflectance spectrum. These interreflections attenu-
ate wavelengths for which reflectance is low. This effect would
become even stronger if the 3D object was put in a box painted
in the background color, because this would produce more inter-
reflections from different directions on the different sides of the
object. People tend to prefer foods with more saturated colors. This
preference may have an ecological origin, because the degree of
saturation of the colors of most foods decreases when foods dete-
riorate during the decomposition process (Lee, Lee, Lee, & Song,
2013). Hence, the vividness of the colors of food is a natural indi-
cator of the safety, freshness, and nutritional quality of food. There-
fore, an intervention that increases the saturation of the color of
the vegetable is likely to increases it’s perceived attractiveness. If
our proposed mechanism were correct, this would suggest that
vegetables might benefit most from presentation on backgrounds
in similar – rather than contrasting – hues.

Furthermore, some attractiveness ratings for the vegetables
might be affected by the aesthetic appreciation of the various
background-object combinations. For instance, the perceived
harmoniousness of color combinations might be expected to have
such an effect (Ou & Luo, 2006; Wei, Ou, Ronnier Luo, & Hutchings,
2015; Wicaksono, Fu, Chen, Hou, & Ou, 2014), even though the
aesthetic response to color is influenced by individual and cultural
differences as well as perceptual, contextual and temporal factors
(O’Conner, 2010). Thus further studies exploring other factors not
pursued in this study is viable to increase our understanding of
perceived produce attractiveness.

4.3. Methodological limitations

Some methodological factors may have had an impact on the
measurements. For instance, being able to directly match the veg-
etable appearance to the samples of the color atlas may help to
avoid any shift in color perception. In addition, the size of the veg-
etable and the proportion of background it covers are likely to have
an impact on color perception: A large carrot on a small back-
ground paper may be perceived differently from a small carrot
on a large paper. Also, the percentage of background surface cov-
ered depended on the viewing angle, which varied with participant
movement. Furthermore, participants were provided with several
types of papers to facilitate making their judgments that may have
covered part of the background during their assessments. All these
factors may have affected the amount of background color the par-
ticipants have viewed and may have reduced any effect of the
background on their color matching responses.

4.4. Implications for vegetable presentation

It would be commercially interesting to find out whether we
might be able to select a background color that would support
the presentation of an assortment of vegetables with multiple sat-
urated colors. Therefore, it is disappointing that the main effect of
background color was not statistically significant in the ANOVA of
the attractiveness ratings. Apparently, none of these four colors
made all five products look better than any of the other colors at
the aggregate level. For a single background color attractiveness
ratings differ substantially between the five products, but for each
background there is a different vegetable that increases in attrac-
tiveness, whereas one or more other vegetables become less appe-
tizing. Hence, finding a single colored packaging material in which
various differently colored vegetables can be presented to make
them all look attractive is extremely difficult.

Possibly, a different designer would have come up with a differ-
ent set of background colors for presenting the current product
assortment, while using the same set of selection criteria. How-
ever, any designer would have been challenged to average out a
number of effects while making the final selection. In order to
select a color that was good for all five vegetables, the designer
would have to dismiss any colors that were unacceptable for one
or more vegetables, but possibly ideal for another vegetable.
Nonetheless, because each of the colors we used showed a clear
attractiveness enhancement effect for one or two of the vegetables,
we wonder whether other colors could be more successful in dis-
playing the whole family of produce.

Perhaps materials with contrasting, neutral colors such as (off)
white and (off)black may work well for multi-colored vegetable
assortments. Because most vegetables have saturated colors, the
neutral background colors contrast substantially with the veg-
etable colors on the hue and chromaticness dimensions. Although
differences on the blackness dimension are vegetable-specific, this
difference is likely to be largest when using extreme background
colors (white and black) rather than colors in the middle of the
neutral spectrum (mid grey). Hence, by choosing white or black
backgrounds a designer is most likely to present a selection of veg-
etables in an optimal way. This would be in line with observations
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in restaurant practice, which have shown that most chefs use
white plates (and occasionally black) to showcase their culinary
offerings (Spence & Piqueras-Fiszman, 2014). Colored plates have
indeed been tested in empirical research in restaurant settings to
investigate their effect on food perception and attractiveness, but
have generated mixed results (Adams, 2013; Harrar, Piqueras-
Fiszman, & Spence, 2011; Piqueras-Fiszman, Alcaide, Roura, &
Spence, 2012; Piqueras-Fiszman, Giboreau, & Spence, 2013).

For presentation purposes in retail practice, another useful
design strategy may be that producers of multicolored vegetable
assortments stick to clear plastic packaging that let the vegetable
colors speak for themselves, instead of using a standard packaging
material in a single color. In this case the retailers can determine
for themselves on which type of background they prefer to present
their merchandise, depending on local customs and availability of
materials. It would be interesting to see how different packaging
concepts perform on backgrounds of neutral or non-neutral colors.

Please note that in an assortment of vegetables, any target veg-
etable would not only contrast against the background, but also
with the other vegetables in the assortment. Hence, in assortment
presentation the different vegetables also function as each other’s
background, which may again affect their attractiveness. More-
over, in this case people might determine their attractiveness judg-
ment for a vegetable not only on the basis of the colors of the
surrounding vegetables, but also on the combinations of textures,
tastes, smells, and so on.

In the present study we used sheets of paper as backgrounds for
the vegetables, because they were available in standardized sizes,
textures and gloss levels and – most importantly – accurate colors
that could be replicated over time. However, for future studies it
might be interesting to study other background formats, such as
colored wrappers, trays, boxes, crates, or shelves that will mimic
retail situations more closely. These more encompassing formats
will provide background reflections from multiple directions on
the vegetable surface, hence enhancing the effect of the back-
ground color.

Another interesting venue to explore would be to determine the
effects of using different types of materials as backgrounds for the
vegetable assortments. Different materials do not only have differ-
ent colors, but they also carry a variety of connotations that influ-
ence the cognitive and emotional experiences of consumers
(Karana, Hekkert, & Kandachar, 2009). We already mentioned the
connotations of wood with nature and authenticity. Analogously,
polished or muted steel may be associated with hygiene and qual-
ity, stones like marble and granite with robustness and luxury,
plastics with hygiene but also with cheapness, and textiles with
craftsmanship and distinctiveness. Hence, the same vegetable pre-
sented on different material backgrounds with similar color pal-
ettes may produce different attractiveness responses. These
individual material associations may help retailers to market
specific types of products. For instance, if the use of textiles indeed
communicates a sense of uniqueness and individuality, textiles
might be used to support sales of produce with unexpected shapes
that consumers may regard as undesirable or less attractive, but
that are in fact as healthy and appetizing as the prototypically
shaped vegetables.

5. Conclusion

While the hypotheses were not confirmed, the present study
has opened up a number of exploratory directions that could influ-
ence the way in which foods are presented in buying and con-
sumption settings. Ideally, these changes will be used to support
healthy eating habits and to improve the quality of eating experi-
ences for consumers, while simultaneously sustaining the prof-
itability of food services, restaurants, and food retailers.
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