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Abstract: Studying consumers’ implicit emotions has been always described as a difficult and a
complicated mission due to the emotions being of a non-cognitive nature. This research aims to
develop a new method based on emotion-color association (ECA) to detect consumer’s implicit
food-elicited emotions using an eye-tracker tool. The study was accomplished in two experiments.
The first experiment intended to build a new color scale based on the emotion-color association using
the eye-tracking method and a self-reported questionnaire (SRQ). The results showed that people
tend to express their evoked positive emotions by choosing mostly the light colors, and favor to
choose dark colors to reveal their evoked negative emotions. In the second experiment, a sensory
evaluation was conducted employing the developed color scale in addition to verbal emotion-based
questionnaire (VEQ) to detect the participants’ food-elicited emotions with different samples. The
sensory evaluation consisted of taste, smell, and vision tests. The study demonstrated a consistency
between the results of the verbal emotion questionnaire and the new color scale method. This
consistency may refer to the capability of the developed scale, as a non-intrusive method that obtains
prompt responses and avoids deliberate action, to rapidly detect the implicit emotions in a sensory
evaluation for a better understanding of the consumer’s behavior.

Keywords: the color scale; emotion-color association (ECA); color-emotion association; eye-tracking;
light colors; dark colors; general positive emotions (GPE); general negative emotions (GNE); sensory
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1. Introduction

Emotions play a leading role in our food consumption behavior, which, in turn, affects our mood
and generates food-elicited emotions. People spontaneously express their food-elicited emotions
within their daily life activities [1–6]. Studying and measuring those emotions has received greater
attention by sensory and consumer researchers [1–6] and various approaches have been developed to
measure and understand these emotions [3]. Laros and Steenkamp [4] suggest a hierarchical approach
for a better understanding of consumer emotions. The hierarchical model consists of three levels,
which includes the superordinate level that is based on general positive emotion and general negative
emotion, the basic level of emotions (anger, fear, sadness, shame, contentment, happiness, love, and
pride), and the subordinate level that includes 41 emotion terms.

However, emotions are known with their non-cognitive characteristic, which make them a
difficult subject to measure [5]. According to Winkielman and Berridge [6], an unconscious emotion is
considered impossible to report the moment it was evoked even though people’s behavior can reflect
this emotion. Some of the emotion-measurement methods that provide conscious deliberate answers
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were criticized with being inefficient at detecting the real implicit emotions and the possibility of
being affected by the Social Desirability Effect [7–11]. Thus, the need to develop new methods that are
capable of measuring more implicit emotions has arisen.

Eye-tracking, which is a powerful technology that gives accurate data about the individual’s
eye movement and fixation on a specific target, is considered to be a reliable method to capture the
non-cognitive reaction [12,13]. Therefore, it obtains prompt responses without the need to write or talk.

Moreover, colors carry intrinsic meanings and have a psychological relationship with emotions.
Researchers suggest an innate functional relationship between colors and emotions [14]. The relationship
between colors and emotions has two dimensions. The first one is the effect of colors on emotions,
which is generally called color-emotion association. Several studies reported that light colors (white,
pink, yellow, blue, purple, and green) evoke positive emotions like happiness, excitement, joy, and
hope [15–24]. Other studies reported associations between dark colors (black, brown, and grey) and
negative emotions (sadness, anxiety, fear, and boredom) [20,23,25–27]. The second dimension is how
to express emotions using colors, which is called the emotion-color association (ECA). Two studies
indicated that participants tend to express their emotion reactions using light and dark colors [28,29].
In those studies, participants used light color crayons such as yellow, orange, and green to color their
drawing after watching happy scenes or hearing happy stories. While they used dark color crayons
such as brown and black after listening to sad stories or watching sad scenes. Therefore, implicit
positive and negative emotions can be expressed by new methods employing colors.

None of the currently used methods to study emotions have combined the eye-tracking technology
with the emotion-color association concept to comprehend the implicit emotions on a superordinate
level in sensory evaluations. This study aims to take advantage of the relationship between colors and
emotions, using the ECA combined with the eye-tracking tool, to develop a new nonintrusive method
in order to have a deeper insight on the implicit food-elicited emotions in a sensory test.

2. Materials and Methods

This study was conducted as a between-subject design in two experiments with a three-month
interval and a total of 557 participants. As shown in Figure 1, the first experiment consisted of a
self-reported questionnaire (SRQ) and a stationary eye-tracking experiment. The second experiment
was a sensory evaluation that combined the eye-tracking method with a verbal emotion-based
questionnaire (VEQ). Each experimental session was carried out individually. All the participants
volunteered to take part in the current study, and each participant booked a date and time for an
individual session via an online scheduling tool. Table 1 demonstrates the number, age, and gender of
the participants in each experiment.

Table 1. Number, gender percentage, and age of the participants in the experiments.

Experiment Gender (%) Age (Years) Number of
Participants

Developing the
Color Scale

Self-reported
questionnaire

Male 21%
18–88 487Female 79%

Eye-tracking Male 37%
18–30 30Female 63%

Sensory
Evaluation

Male 35%
19–48 40Female 65%
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2.1. First Experiment: Developing the Color Scale Based on the Emotion-Color Association

To study the emotion-color association, the current research used two types of measures. The first
measure was a self-reported questionnaire that aimed to better understand the relationship between
colors and emotions in order to develop the color scale. The second measure employed the developed
color scale together with the eye-tracking tool to investigate the implicit emotion-color association.
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2.1.1. Self-Reported Questionnaire

A web-based questionnaire was designed using the online tool Typeform®and was carried out
with 487 participants. The questionnaire consisted of two main parts. The first part of the questionnaire
intended to investigate the color-emotion association and understand the perceived emotional reaction
toward two sets of light and dark colors. The second part aimed to study the emotion-color association
by detecting how participants may use light and dark color samples to express their evoked emotions.
All the questions were of a check-all-that-apply (CATA) type.

2.1.2. Procedures

In the first part of SRQ, two color wheels (Figure 2a,b), designed by the authors using Adobe
Photoshop PS, were used to investigate the effects of light and dark colors on participants’ emotions.
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Figure 2. The color wheels used in the self-reported questionnaire (SRQ). (a) The wheel of the light
colors, and (b) the wheel of the dark colors. Source: researcher’s own design.

The participants were first shown the light color wheel (LCW). Then they were asked to choose
the term(s) that reflect their emotions toward the displayed color wheel. The question included a set
of 22 positive and negative emotion-based terms (happy, hopeful, encouraged, motivated, peaceful,
fulfilled, thrilled, enthusiastic, romantic, pleased, pride, angry, sad, frustrated, irritated, discontented,
envious, scared, nervous, worried, guilty, and embarrassed) in addition to one neutral term “no
emotion”. The emotion-based terms were chosen based on the subordinate level of the hierarchical
model of consumers’ emotions [4]. A German translation based on the Food-Association Emotion
lexicon was provided [30]. The same question was repeated using the dark color wheel (DCW) with
the same set of emotion-based terms.

The second part of the questionnaire investigated how participants may express their positive or
negative emotions with light and dark color samples. A guided imagination technique was used to
evoke the participants’ emotions [31–33]. The participants were first brought to imagine themselves
consuming a specific food that evokes positive/negative emotion(s) (e.g., Take your time to imagine
yourself eating food that evokes negative feelings within you, such as: irritated, guilty, or nervous). The
two questions, which evoke the positive/negative emotions, were separated with a neutral question.
The participants were asked to use one or more of the color samples (Figure 3) to express their
evoked emotion(s). Then, participants were asked to choose the feature of the food that evoked the
positive/negative emotion(s). The main provided features were: healthy, environmentally friendly,
and tasty with items such as “The food which evoked positive feelings was healthy/ environmentally
friendly, and tasty” and “The food which evoked negative feelings was tasty but neither healthy nor
environmentally friendly”.
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2.1.3. Eye-Tracking Experiment

The eye-tracking experiment took place at the sensory lab at Kassel University, Germany and aimed at
studying the implicit ECA. Emotional stimuli (pictures combined with emotional music) were displayed to
provoke participants’ positive emotions (e.g., happiness, enthusiasm, and pleasant) or negative emotions
(e.g., sadness, anger, and fear). The data were then recorded by using an individual laptop equipped
with a specialized eye-tracker (SMI RED-250 mobile) manufactured by SensoMotoric Instruments (SMI,
Germany). SMI RED-250 mobile is a fully portable, screen-based eye-tracker powered by USB and has a
sampling rate of 60 Hz. All participants were confirmed to have normal or corrected vision.

2.1.4. Procedures

A pre-test was performed to choose the most emotionally affective pictures for the trial. The
pictures were rated on a 5-point scale (1 = very negative, 5 = very positive). Based on the pre-test,
20 emotional pictures were chosen to be included, together with emotional music, in the stimuli. Ten
of the emotional stimuli (see Figures A1 and A2) were positive and 10 were negative. Half of the
20 pictures were chosen randomly as chromatic and the other half as achromatic to study the effect of
the pictures’ color on the participants’ choice between the dark and the light colors in the color scale.

Verbal and written explanation about the experiment and the content of the stimuli was provided.
The participants were seated 50 cm in front of the laptop with the eye-tracker, and a simulation
including detailed instruction was performed to accommodate the participants to the task.

The 20 stimuli were clustered into four groups. Two groups consisted of five positive emotional
stimuli, and the other two consisted of five negative stimuli. The groups were displayed alternately
based on the general emotions to avoid the bias that may result from the sequential display of
positive/negative stimuli. After each group of stimuli, a neutral stimulus (see Figure A3) with no
music was displayed for 10 s. Each emotional stimulus was displayed on the screen for 6 s [34]. A
pre-examination showed that 6 s among other applied periods (10 s, 15 s, and 20 s) was the best period
to leave the participants enough time to experience the evoked emotions without boring them with
excessive time watching the stimulus. Since previous neuroscience and behavioral measures studies
report that the response to an emotional stimulus happens in a matter of milliseconds (>1000 ms) [35,36],
a panel of gradate colors, the color scale, were displayed for 3 s [37] after each stimulus. The color
scale was designed using Adobe Photoshop PS and consisted of light and dark sets of colors (Figure 4).
This method forces a time-pressure condition on participants and results in reducing the influence of
conscious thinking. The participants were instructed to focus on the screen and fix their sight on the
set of colors that express their emotion(s) at that moment. The position of dark and light sets of colors
was randomly alternated in the color scale to avoid the bias resulting from keeping the color sets in
the same position. A white fixation cross was presented on the center of each emotional photo in the
last 500 ms prior to the offset of the stimulus [38] to correct the participants fixation tendencies and
minimize the fixation bias that may be caused by the last eye-fixation position before displaying the
color scale [39].
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Figure 4. The color scale, including light color set and dark color set, that was displayed for 3 s after
each emotional stimulus. Source: researcher’s own design.

2.1.5. Data Analysis

The data of the SRQ were analyzed following the standard procedures for CATA questions [40].
The non-qualified and incomplete answers were excluded. The frequency of use for each emotion
term was determined by counting the number of participants that chose that term to describe their
emotions toward each color wheel. Fisher’s exact test was carried out to identify significant differences
between genders in each of the terms included on the CATA questions. Wilcoxon Signed-Rank Test
was used to detect the significant differences between the general positive emotions (GPE) and the
general negative emotions (GNE) for each color wheel.

The eye-tracking data were collected using the Key Performance Indicator (KPI) in the BeGaze
program. The color scale was divided into two Areas of Interest (AOI), and each set of colors was
considered as an independent AOI. Dwell time value in milliseconds (ms), which represents the sum of
the duration from all eye-fixations and saccades that hit the AOI, was collected. Figure 5 demonstrates
the AOIs and the executive summary of the outcome data.
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A paired t-test was conducted to detect any significant differences between dwell time on the AOIs
after the positive and negative stimuli. Moreover, an analysis of variance was applied to investigate
any differences between genders, stimuli colors, and the position of the dark and light side.
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All significance tests were done at a significance level of 5%. The Statistical Package for Social
Sciences (IBM, SPSS Statistics, version 24) was used to analyze all collected data.

2.2. Second Experiment: Sensory Evaluation

The aim of the sensory evaluation was to examine the participants’ food-elicited emotions using
the developed color scale and a verbal emotion-based questionnaire (VEQ). The sensory test took
place in standard sensory booths at the sensory labs of Kassel University and Fulda University of
Applied Sciences under artificial daylight type illumination, and temperature control (22–24 ◦C) with
air circulation, according to ISO standards (ISO 8589:2007). The experiment consisted of taste, smell,
and visual tests, respectively. All participants confirmed to have normal or corrected vision and no
eating disorders or allergies for any of the samples.

2.2.1. Samples

Eight samples were served in a sequential monadic testing. The samples were chosen to be
acceptable by most people and easily available to consumers in supermarkets. The nature of the
samples was declared in the announcement of the experiment to avoid allergy reaction to any of the
samples. In the taste test, fresh apple (royal gala), ready-to-consume orange juice, and walnuts were
served. Water was used for rinsing between samples. Oregano herbs, ground coffee, and fresh, red bell
peppers were served in closed, odorless, plastic containers during the smell test, while the visual test
consisted of a pear and a bottle of orange juice.

2.2.2. Procedures

The participants were placed in the position that suits best the functionality of the eye-tracker.
Then, they went under a simulation test to get familiar with the instructions and the new color scale.
During taste, smell, and visual tests, the participants were asked to test the sample for around 20 s [41].
To guarantee the best period for the sample testing, the experimenter pretested different periods (15 s,
20 s, 40 s, and 60 s). The pre-test results verified the adequacy of the given 20 s time to test the samples
and have an impression without getting bored. During the testing, a white screen was displayed on
the monitor. Then a color scale appeared on a full screen for 5 s [12,42]. Participants were instructed
clearly to look at the screen and use only their eyes to focus on the color set that expresses their
food-elicited emotion(s). The participants who neither looked at the screen nor used the color scale
had their data excluded.

The position of the color scale was reversed randomly to avoid the bias responses’ result from
displaying the same set of colors in the same position. To correct the participant’s fixation tendencies
and minimize the fixation bias that may be caused by the last eye-fixation position, a white fixation-cross
was presented on the center of the white screen [38] the last 2 s prior to displaying the color scale [39].

Subsequently, participants were asked to test the sample again, if desired, and rate their
food-elicited emotion(s) using a verbal emotion-based questionnaire (VEQ) on a 5-point scale
(1 = I do not feel it at all, 5 = I strongly feel it). Twelve emotion items were selected for the
VEQ: happy, optimistic, proud, satisfied, encouraged, active, sad, regret, guilty, ashamed, scared, and
angry. The terms were adopted from the Geneva Emotion Wheel (GEW), the Consumption Emotion
Set (CES) [43], and the short-form of the Positive and Negative Affect Schedule (PANAS) [44]. All the
questions were rate-all-that-apply (RATA) type.

The procedures were initially pretested with five participants (not included in the final data) to
guarantee the best design of the experiment including participant’s seating position and given time
to test the sample. The experimenter intended to start the session with a friendly conversation to
relax the participants and avoid any kind of emotional upset or heavy pressure that prevents them
from concentrating.
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2.2.3. Data Analysis

For analytical purposes, the first six listed emotions in VEQ were considered positive emotions and
the last six were considered as negative. The positive and the negative emotion terms were considered
as Likert scale questions and the mean values of the items loading on the VEQ were computed for each
participant and labelled as “general positive emotions (GPE)” and “general negative emotions (GNE)”.
Then parametric analysis was conducted to detect statistical differences.

Each set of colors was considered as an independent area of interest (AOI) and dwell time of each
AOI was analyzed.

Analysis of variance was applied to analyze the differences between gender with regard to general
emotions and dwell time.

A paired t-test and a Wilcoxon signed-rank test were conducted to analyze the differences between
GPE and GNE, and dwell time on the light colors versus the dwell time on the dark colors after testing
each sample.

3. Results

3.1. Self-Reported Questionnaire

In the first part of the SRQ, the participants were asked to choose the emotion-based terms they
associate with two displayed color wheels (light color wheel and dark color wheel). The results showed
a significant difference between GPE and GNE for each of the two wheels (p < 0.05). The LCW evoked
more positive emotions, while more negative emotions were associated with DCW.

As shown in Figure 6, 82.6% of the total answers were positive emotion terms (happy, hopeful,
encouraged, motivated, peaceful, fulfilled, and other), 13.8% of the answers were negative emotion
terms (angry, sad, frustrated, irritated, discontented, envious, scared, and others) and 3.6% of the
participants had no emotions towards LCW. When the participants were asked about DCW, 80.6% of
the total answers were negative emotion terms, 12% of the answers were positive terms, and 7.4% had
no emotions toward the colors.
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Figure 6. Percentages of total responses of positive, negative, and no emotion choices towards LCW
and DCW. n= 487.

Pleased, happy, and hopeful were the most commonly selected emotion-based terms when the
participants were asked about their emotions toward LCW. Discontented, sad, and worried were
the most selected terms when participants were asked about their emotions toward DCW (Figure 7).
Results showed a gender impact with the terms “angry” (p = 0.007, 1.8% females and 6.8% males),
“scared” (p = 0.014, 20% females and 31% males) and “frustrated” (p = 0.03, 21% females and 12%
males) toward DCW. Gender had no impact on the effect of LCW on emotions (ps > 0.05).
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The second part of SRQ aimed to investigate how the participants would use the colors to express
their evoked emotion(s) by imagining a food experience consumption. The frequency of use of orange,
yellow, and green to express the evoked positive emotion(s) were the highest (53%, 37%, and 36%,
respectively). On the other hand, 42%, 38%, and 34% of the participants chose grey, brown, and black,
respectively, to express their negative evoked emotion(s). Red was one of the first five colors used to
express both positive and negative emotion(s) (26.5% and 20.5%, respectively). The results showed
that the gender had an impact only with regard to the white sample (p < 0.05) in which females chose
‘’white” more than males to express their positive emotion(s).

Figure 8a,b illustrates in order, the most and the least chosen colors to express positive and
negative emotion(s).
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Orange was the color chosen with the greatest frequency to express positive emotion(s), while
black was the least. On the contrary, grey was chosen with the greatest frequency after evoking negative
emotion(s), while white was the least.

The Characteristics of the Food in the Imagined Consumption Experience

After the participants were asked to imagine eating a specific food that provokes positive/negative
emotions, they were instructed to describe that food by choosing one or more of three aspects: health,
environmental impact, and taste. “Healthy, environmentally-friendly, and tasty” was the first feature
chosen by three-quarters of the participants to describe the food that evoked their positive emotion(s).
In addition, 45% of the participants chose “only tasty”, whereas 5% chose “healthy but not tasty” and
only 2% of the participants declared that “environmentally-friendly but not tasty” food makes them
have a positive emotion(s).

Furthermore, 51% of the participants declared that, if the food is “neither healthy nor
environmentally-friendly, yet tasty”, the food provokes a negative emotion(s). A very close percentage
of participants (48%) showed that if the food is “healthy but not tasty”, it provokes negative emotion(s).
In addition, 40% of the participants reported that if the food is “environmentally-friendly but not
tasty”, it provokes a negative emotion(s). Table 2 demonstrates the frequency of participants’ choices
to describe the food in each situation.

Table 2. The characteristics of the food that evoked positive or negative emotions in the imagined
consumption experience.

Food that Evoked The Features of the Food Frequency

Positive emotions

Healthy/ environmentally-friendly, and tasty 75.0%

Tasty, even though it was neither healthy nor
environmentally-friendly 45.4%

Healthy, even though it was not tasty 5.0%

Environmentally-friendly, even though it was not tasty 2.1%

Negative emotions

Tasty, but it was neither healthy nor
environmentally-friendly 51.4%

Healthy, but it was not tasty 48.3%

Environmentally-friendly, but it was not tasty 40.1%

3.2. Eye-Tracking Experiment

The results showed a statistically significant difference between dwell time on the light color set
(LCS) and dwell time on the dark color set (DCS) after displaying positive and negative emotional
stimuli (p < 0.05). After the positive emotional stimuli, participants fixed their sight longer on the light
colors (mean value of dwell time = 2112.8 ms), which represents 70% of the given time, to express their
positive emotions, while the mean value of the dwell time on the DCS was 525.9 ms, which represents
18% of the given time. On the other hand, after the negative emotional stimuli, participants expressed
their negative emotions by focusing on DCS. The mean value of dwell time on DCS was 1669.8 ms
(56% of the given time), while it was 906 ms (30% of the given time) on LCS.

The results showed significant differences between genders in dwell time on both LCS and DCS
after positive stimuli (p < 0.05). Females fixed their sight longer (2556 ms) on the light colors and less
(403 ms) on the dark colors than males did (1996 ms, 640 ms on LCS and DCS, respectively) after the
positive stimuli. After negative stimuli, a significant difference was found between genders only with
dwell time on DCS (p < 0.05) where the average dwell time of females‘ eye-fixations (1982 ms) was
higher than males’ (1591 ms).
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To investigate the influence of the stimulus’ colors, some of the stimuli were chromatic and others
were achromatic. Analysis showed no influence of the stimulus’ color on participants´ eye-fixations
between LCS and DCS (p > 0.05).

Similarly, the positioning of LCS with respect to the DCS had no significant impact on the
participants’ choice (p > 0.05). Thus, whether the color scale was graduated (light/dark) from right to
left or from left to right, neither had an impact on the participants’ eye-fixations.

Furthermore, heat maps were generated by the BeGaze software to have general insight on the
gaze patterns of participants’ eye-fixations. The Heat Map shows how much attention was received at
a specific AOI, displayed as colored foci. Figures 9 and 10 show examples of the generated heat maps
(focus map) after viewing a negative stimulus and a positive one, respectively. Figure 9 demonstrates
higher focused eye-gaze patterns on DCS within 3 s after being shown a negative emotional stimulus.
Figure 10 demonstrates the eye-gaze pattern after a positive stimulus.
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3.3. Sensory Evaluation

A paired sample t-test was conducted for each of the eight samples to investigate how participants
used the color scale to express their food-elicited emotion during the sensory evaluation.
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Results showed significant differences in the dwell time (ms) between the eye-fixations on LCS
and DCS with all samples except the orange juice bottle and coffee (Table 3). The means of dwell time
on LCS for all samples had a higher value than the means of the dwell time on DCS.

Table 3. Mean ratings of general positive and general negative emotions, and mean values of dwell
time on the color scale. In addition to the significant differences between GPE and GNE, and dwell
time on the light colors versus the dwell time on the dark colors after testing each sample.

Sample General Positive
Emotion

General Negative
Emotion

Dwell Time LCS
(ms)

Dwell Time DCS
(ms)

* E, D Apple 2.8 1.2 4383.2 827.7
* E, D Orange juice 2.6 1.4 3303 520.6

* E, D Walnuts 2.4 1.1 2853.3 1339.4
* E, D Oregano 2.6 1.4 2825.6 1348.1

* E, D Red bell pepper 1.9 1.3 3016.6 1344.8
* E Coffee 2.5 1.3 2363.3 1951.3

Orange juice bottle 1.9 1.7 2746.3 1359.3
* E, D Pear 2.2 1.2 3486.4 609.9

* Statistically significant. E: General emotion. D: Dwell time.

When comparing the participants’ general emotions using VEQ, significant differences were
found between GPE and GNE with all samples except for the orange juice bottle. Participants’ rating
revealed higher positive emotions than negative emotions toward the samples (Table 3).

Significant differences between genders were found (p < 0.05) with a red bell pepper sample
in dwell time on DCS, since males gave a longer dwell time on DCS than females (889.2 ms versus
2190.9 ms, respectively). Although gender had no impact on general emotions regarding red bell
pepper samples, results showed that males also had a higher rating for negative emotions than females
(mean = 1.2 for females versus 1.5 for males).

4. Discussion

To the best of our knowledge, this study is the first to employ emotion-color association together
with eye-tracking, as a nonintrusive method, to capture the rapid intuitive eye-fixation on a developed
color scale to detect how implicit food-elicited emotions can be expressed using colors. Moreover, the
study uses the time pressure conditions as a technique to reduce the conscious impact on the final
response and avoid the deliberate reaction.

Our study casts a new light on the emotion-color association and the prospect of using this
association to gain insight into implicit emotions.

4.1. Emotion-Color Association

Knowing that there is a lack of studies about ECA, this paper first conducted an experiment to
investigate how people may use colors to express their emotions.

The first experiment combines SRQ, as an explicit measure, and eye-tracking, as an implicit
measure, to study in-depth both explicit and implicit association between emotions and colors.

The present study confirmed the findings about the strong influence of colors on emotions (the
color-emotions association). Light colors evoked highly positive emotions, whereas dark colors made
people feel discounted, sad, or evoked other negative emotions. However, the other dimension of the
relationship between colors and emotions is also important. If the colors influence our emotions, can
we use those colors in return to tell our positive or negative emotions?

Based on the results of this study, we can conclude that people tend to use light colors to express
their positive emotions, and dark colors to express their negative emotions.

Orange, yellow, and green were the most frequently associated colors with the evoked positive
emotions, while grey, brown, and black were the most chosen to express the negative evoked emotions.
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Orange, yellow, and green were reported to be of the greatest frequencies to reveal positive emotions
in two previous studies since 1965 [28,29]. This refers to the importance of those three colors in telling
positive emotions. Therefore, those three colors were the main colors in the developed color scale.
Grey, black, dark green, and dark blue were the most chosen colors after evoking negative emotions.
Thus, they were included in the DCS of the developed colors scale as main colors.

White had very low frequencies with expressing both positive and negative emotions. These low
frequencies may have resulted by considering “white” as a neutral color, or the possibility of having
different meanings. “White” may evoke the feeling of peace and hop since it is associated with purity
and cleanness. On the other hand, it may elicit emotions of emptiness and loneliness [23]. Although
red was the fourth in the rank to express positive emotions, it was the fifth chosen color to express
negative emotions. Consequently, red and white were excluded from the main colors included in the
developed color scale since they may hold a bilateral association.

SRQ was used as an explicit measure to allow participants to think and choose color samples to
express their emotions. On the other hand, eye-tracking, which is a powerful unobtrusive tool, was
used as an implicit measure. In addition, literature reports that one of the most important methods to
obtain intuitive responses and understand the innate behavior is a time pressure technique [12,45].
Thus, this technique together with eye-tracking were applied in this study to have a better insight on
the implicit emotion-color association.

The eye-tracking results were consistent with SRQ. This is an important finding in the
understanding of the ECA. The data showed that the participants chose to focus their eyes on
LCS to express their evoked emotions after positive stimuli, while they expressed their negative
emotions by focusing their eyes more on DCS. Thus, people can use light and dark colors to reveal
their explicit and implicit general emotions.

Females had a higher dwell time on LCS and lower dwell time on DCS after positive stimuli, in
addition to a higher dwell time on DCS after the negative stimuli. This shows that women were faster
than men to determine the set of colors that expressed their emotions and fixed their eyes more often
on it. Moreover, female participants may tend to link light colors to positive emotions and dark colors
to negative emotions more than men do.

Neither the color set’s position (left or right) nor the stimulus’ color (chromatic or achromatic)
had an impact on the participant choice.

This is an important finding for understanding the emotion color association, which will be further
employed in a new method.

Since the SRQ and the eye-tracking results were compatible regarding the powerful connection
between emotion and colors, the current study takes the advantage of these results to employ the
emotion-color association into a new sensory evaluation measure, the color scale, to investigate the
implicit food-elicited emotions.

Regarding the food’s characteristics that evoked positive/negative emotions, whenever the food
was characterized with the features of tastiness, healthiness, and good environmental impact, it would
be the most pleasant food to consume. However, when these three features were not present in one
food, “tasty” would be the most important feature that gave people positive feelings. “Only healthy”
and “only environmentally-friendly” features had much lower frequencies than “only tasty”. This
suggests that, even though people care about health and the environment, the taste of the food plays
the leading role when it comes to having a positive emotional food experience.

On the other hand, when the participants described the food that evoked negative emotion, the
frequencies of “tasty”, “healthy, but not tasty” and “environmentally-friendly, but not tasty” were
rather close. This emphasized the negative emotional impact of the absence of the ‘’tasty” feature in
the consumed food. The taste of a healthy or environmentally-friendly food must be, therefore, highly
focused on in food processing and marketing in order to encourage consumers to become healthier
and more sustainable.
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4.2. Detecting the Food-Elicited Emotions Using the Developed Color Scale

This part of the study attempts to verify the validity of using the developed color scale in a
sensory evaluation. Thus, a VEQ was applied together with the new color scale to investigate the
food-elicited emotions.

Our results show a dominance of the positive emotions in the sensory evaluation since the rating
of GPE was higher than GNE in all eight samples. A further novel finding is that the current study
demonstrates a strong consistency between the VEQ results and the color scale method. In six out of
eight samples, significant differences existed between the rating of GPE and GNE and between the
dwell time on LCS and DCS. The higher rating of GPE was accompanied with a higher dwell time on
the light colors of the color scale to express the positive food-elicited emotions.

Even when no significance results were found, like with the orange juice bottle, red bell pepper,
and coffee samples, a higher rating of GPE toward the sample was compatible with a higher dwell
time on the light color set to express the food-elicited emotions. The same resemblance was found
between the negative emotion ratings and the dwell time on the dark colors.

This consistency highlights the possibility of using colors instead of words as a new tool to express
general emotions. Moreover, it may refer to the capability of the developed color scale as a nonintrusive
method that avoids any deliberate action and obtains prompt responses to detect rapidly the implicit
emotions in a sensory evaluation for a further understanding of consumer’s behavior.

5. Limitations and Suggestions for Further Research

Using colors to express the implicit emotions in the present work encourages more avenues for
future research on using specific colors to express specific emotions.

As positive emotions dominate in a sensory evaluation over the negative emotions, an in-depth
study presenting food samples that evoke more negative feelings is recommended to use to have better
insight on how assessors may use the color scale to express their food-elicited negative emotions.
Cross-cultural research on similarities and differences in using the color scale for expressing emotions
is also recommended.
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Appendix A

Samples of pictures that were used in the negative and positive emotional stimuli.
Foods 2019, 4, 01 FOR PEER REVIEW 15 of 17 

 

 
 

Appendix B. Negaive emotional stimuli 

 

 

Appendix C. Neutral pictures 

 
 

References 

1. Meiselman, H.L. A review of the current state of emotion research in product development. Food Res. Int. 
2015, 76, 192–199. 

Figure A1. Positive emotional stimuli.

Foods 2019, 4, 01 FOR PEER REVIEW 15 of 17 

 

 
 

Appendix B. Negaive emotional stimuli 

 

 

Appendix C. Neutral pictures 

 
 

References 

1. Meiselman, H.L. A review of the current state of emotion research in product development. Food Res. Int. 
2015, 76, 192–199. 

Figure A2. Negaive emotional stimuli.

Foods 2019, 4, 01 FOR PEER REVIEW 15 of 17 

 

 
 

Appendix B. Negaive emotional stimuli 

 

 

Appendix C. Neutral pictures 

 
 

References 

1. Meiselman, H.L. A review of the current state of emotion research in product development. Food Res. Int. 
2015, 76, 192–199. 

Figure A3. Neutral pictures.



Foods 2019, 8, 217 16 of 17

References

1. Meiselman, H.L. A review of the current state of emotion research in product development. Food Res. Int.
2015, 76, 192–199. [CrossRef]

2. Delarue, J.; Lawlor, B.; Rogeaux, M. Rapid Sensory Profiling Techniques: Applications in New Product Development
and Consumer Research; Woodhead Publishing: Cambridge, UK, 2014; pp. 71–100.

3. Mauss, I.B.; Robinson, M.D. Measures of emotion: A review. Cogn. Emot. 2009, 23, 209–237. [CrossRef]
[PubMed]

4. Laros, F.J.M.; Steenkamp, J.B.E.M. Emotions in consumer behavior: A hierarchical approach. J. Bus. Res.
2005, 58, 1437–1445. [CrossRef]

5. Collinsworth, L.A.; Lammert, A.M.; Martinez, K.P.; Leidheiser, M.; Garza, J.; Keener, M.; Ashman, H.
Development of a novel sensory method: Image Measurement of Emotion and Texture (IMET). Food Qual.
Prefer. 2014, 38, 115–125. [CrossRef]

6. Winkielman, P.; Berridge, K.C. Unconscious Emotion. Am. Psychol. Soc. 2004, 13, 120–123. [CrossRef]
7. Dane, E.; Pratt, M.G. Exploring Intuition and its Role in Managerial Decision Making. Acad. Manag. Rev.

2007, 32, 33–54. [CrossRef]
8. Leeuw, E.D.D.; Joop Hox, D.D. International Handbook of Survey Methodology; Routledge: Abingdon, UK, 2008.
9. Tseng, K.C. Behavioral finance, bounded rationality, neuro-finance, and traditional finance. Invest. Manag.

Financ. Innov. 2006, 3, 7–18.
10. Beattie, G.; Sale, L. Shopping to Save the Planet? Implicit Rather than Explicit Attitudes Predict Low Carbon

Footprint Consumer Choice. Int. J. Environ. Cult. Econ. Soc. Sustain. Annu. Rev. 2011, 7, 211–232. [CrossRef]
11. Thomson, D.M.H.; Crocker, C.; Marketo, C.G. Linking sensory characteristics to emotions: An example using

dark chocolate. Food Qual. Prefer. 2010, 21, 1117–1125. [CrossRef]
12. Koola, P.M.; Benjamin, P.; Schatz, S.; Colombo, G. A Methodology for Capturing and Fusing Unconscious

Cognition with Computation. Procedia Manuf. 2015, 3, 4129–4135. [CrossRef]
13. Truong, K.P.; Neerincx, M.A.; Van Leeuwen, D.A. Measuring emotions using eye tracking Jakob. In

Proceedings of the International Conference on Methods and Techniques in Behavioral Research, Maastrich,
The Netherlands, 26–29 August 2008; p. 226.

14. Hanada, M. Correspondence analysis of color–emotion associations. Color Res. Appl. 2018, 43, 224–237.
[CrossRef]

15. De Bortoli, M.; Maroto, J. Colours across cultures: Translating colours in interactive marketing
communications. In Proceedings of the European Languages and the Implementation of Communication
and Information Technologies (Elicit) Conference (Elicit 2001), Paisley, UK, 9–10 November 2001; pp. 3–4.

16. Gil, S.; Le Bigot, L. Seeing Life through Positive-Tinted Glasses: Color–Meaning Associations. PLoS ONE
2014, 9, e104291. [CrossRef]

17. Gilg, A.; Barr, S.; Ford, N. Green consumption or sustainable lifestyles? Identifying the sustainable consumer.
Futures 2005, 37, 481–504. [CrossRef]

18. Hemphill, M. A Note on Adults’ Color–Emotion Associations. J. Genet. Psychol. 1996, 157, 275–280.
[CrossRef] [PubMed]

19. Kaya, N.; Epps, H.H. Color-emotion associations: Past experience and personal preference. In Proceedings
of the AIC 2004 “Color Paint” Interim Meeting of the International Color Association, Porto Alegre, Brazil,
November 2004; pp. 31–34.

20. Manav, B. Color-emotion associations and color preferences: A case study for residences. Color Res. Appl.
2007, 32, 144–150. [CrossRef]

21. Piotrowski, C.; Armstrong, T. Color Red: Implications for applied psychology and marketing research.
Psychol. Educ. 2012, 49, 55–57.

22. Mahnke, F.H. Color, Environment, and Human Response: An Interdisciplinary Understanding of Color and Its Use
as A Beneficial Element in The Design of The Architectural Environment; Wiley: Seoul, Korea, 1996.

23. Kaya, N.; Epps, H.H. Relationship between Color and Emotion: A Study of College Students. Coll. Stud. J.
2004, 38, 396–405.

24. Boyatzis, C.J.; Varghese, R. Children’s emotional associations with colors. J. Genet. Psychol. 1994, 155, 77–85.
[CrossRef]

http://dx.doi.org/10.1016/j.foodres.2015.04.015
http://dx.doi.org/10.1080/02699930802204677
http://www.ncbi.nlm.nih.gov/pubmed/19809584
http://dx.doi.org/10.1016/j.jbusres.2003.09.013
http://dx.doi.org/10.1016/j.foodqual.2014.04.011
http://dx.doi.org/10.1111/j.0963-7214.2004.00288.x
http://dx.doi.org/10.5465/amr.2007.23463682
http://dx.doi.org/10.18848/1832-2077/CGP/v07i04/54948
http://dx.doi.org/10.1016/j.foodqual.2010.04.011
http://dx.doi.org/10.1016/j.promfg.2015.07.986
http://dx.doi.org/10.1002/col.22171
http://dx.doi.org/10.1371/journal.pone.0104291
http://dx.doi.org/10.1016/j.futures.2004.10.016
http://dx.doi.org/10.1080/00221325.1996.9914865
http://www.ncbi.nlm.nih.gov/pubmed/8756892
http://dx.doi.org/10.1002/col.20294
http://dx.doi.org/10.1080/00221325.1994.9914760


Foods 2019, 8, 217 17 of 17

25. Hupka, R.B.; Zaleski, Z.; Otto, J.; Reidl, L.; Tarabrina, N.V. The colors of anger, envy, fear, and jealousy: A
cross-cultural study. J. Cross Cult. Psychol. 1997, 28, 156–171. [CrossRef]

26. Kaya, N.; Crosby, M. Color associations with different building types: An experimental study on American
college students. Color Res. Appl. 2006, 31, 67–71. [CrossRef]

27. Manav, B. Color-emotion associations, designing color schemes for urban environment-architectural settings.
Color Res. Appl. 2017, 42, 631–640. [CrossRef]

28. Cimbalo, R.S.; Beck, K.L.; Sendziak, D.S. Emotionally Toned Pictures and Color Selection for Children and
College Students. J. Genet. Psychol. 1978, 133, 303–304. [CrossRef]

29. Lawler, C.O.; Lawler, E.E., III. Color-mood associations in young children. J. Genet. Psychol. 1965, 107, 29–32.
[CrossRef] [PubMed]

30. Gmuer, A.; Nuessli Guth, J.; Runte, M.; Siegrist, M. From emotion to language: Application of a systematic,
linguistic-based approach to design a food-associated emotion lexicon German. Food Qual. Prefer. 2015, 40,
77–86. [CrossRef]

31. Ares, G.; Jaeger, S.R. A comparison of five methodological variants of emoji questionnaires for measuring
product elicited emotional associations: An application with seafood among Chinese consumers. Food Res.
Int. 2017, 99, 216–228. [CrossRef] [PubMed]

32. Hettiarachchi, A.A.; De Silva, N. Colour associated emotional and behavioural responses: A study on the
associations emerged via imagination. Built Environ. Sri Lanka 2012, 11, 21–27. [CrossRef]

33. Piqueras Fiszman, B.; Jaeger, S.R. The effect of product–context appropriateness on emotion associations in
evoked eating occasions. Food Qual. Prefer. 2015, 40, 49–60. [CrossRef]

34. Lang, P.J.; Greenwald, M.K.; Bradley, M.M.; Hamm, A.O. Looking at pictures: Affective, facial, visceral, and
behavioral reactions. Psychophysiology. 1993, 30, 261–273. [CrossRef]

35. Royet, J.P.; Zald, D.; Versace, R.; Costes, N.; Lavenne, F.; Koenig, O.; Gervais, R. Emotional Responses to
Pleasant and Unpleasant Olfactory, Visual, and Auditory Stimuli: A Positron Emission Tomography Study.
J. Neurosci. 2000, 20, 7752–7759. [CrossRef]

36. Olofsson, J.K.; Nordin, S.; Sequeira, H.; Polich, J. Affective picture processing: An integrative review of ERP
findings. Biol. Psychol. 2008, 77, 247–265. [CrossRef]

37. Calvo, M.G.; Lang, P.J. Gaze Patterns When Looking at Emotional Pictures: Motivationally Biased Attention.
Motiv. Emot. 2004, 28, 221–243. [CrossRef]

38. Foti, D.; Hajcak, G.; Dien, J. Differentiating neural responses to emotional pictures: Evidence from
temporal-spatial PCA. Psychophysiology. 2009, 46, 521–530. [CrossRef] [PubMed]

39. Xing, C.; Isaacowitz, D.M. Aiming at Happiness: How Motivation Affects Attention to and Memory for
Emotional Images. Motiv. Emot. 2006, 30, 243–250. [CrossRef]

40. Meyners, M.; Castura, J.C.; Carr, B.T. Existing and new approaches for the analysis of CATA data. Food Qual.
Prefer. 2013, 30, 309–319. [CrossRef]

41. Danner, L.; Sidorkina, L.; Joechl, M.; Duerrschmid, K. Make a face! Implicit and explicit measurement of
facial expressions elicited by orange juices using face reading technology. Food Qual. Prefer. 2014, 32, 167–172.
[CrossRef]

42. Acker, F. Conscious versus unconscious thought. Judgm. Decis. Mak. 2008, 3, 292–303.
43. Richins, M.L. Measuring Emotions in the Consumption Experience. J. Consum. Res. 1997, 24, 127–146.

[CrossRef]
44. Thompson, E.R. Development and Validation of an Internationally Reliable Short-Form of the Positive and

Negative Affect Schedule (PANAS). J. Cross Cult. Psychol. 2007, 38, 227–242. [CrossRef]
45. Kühn, S.; Brass, M. Retrospective construction of the judgement of free choice. Conscious. Cogn. 2009, 18,

12–21. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1177/0022022197282002
http://dx.doi.org/10.1002/col.20174
http://dx.doi.org/10.1002/col.22123
http://dx.doi.org/10.1080/00221325.1978.10533389
http://dx.doi.org/10.1080/00221325.1965.10532759
http://www.ncbi.nlm.nih.gov/pubmed/5826689
http://dx.doi.org/10.1016/j.foodqual.2014.09.001
http://dx.doi.org/10.1016/j.foodres.2017.04.028
http://www.ncbi.nlm.nih.gov/pubmed/28784478
http://dx.doi.org/10.4038/besl.v11i1.4583
http://dx.doi.org/10.1016/j.foodqual.2014.08.008
http://dx.doi.org/10.1111/j.1469-8986.1993.tb03352.x
http://dx.doi.org/10.1523/JNEUROSCI.20-20-07752.2000
http://dx.doi.org/10.1016/j.biopsycho.2007.11.006
http://dx.doi.org/10.1023/B:MOEM.0000040153.26156.ed
http://dx.doi.org/10.1111/j.1469-8986.2009.00796.x
http://www.ncbi.nlm.nih.gov/pubmed/19496228
http://dx.doi.org/10.1007/s11031-006-9032-y
http://dx.doi.org/10.1016/j.foodqual.2013.06.010
http://dx.doi.org/10.1016/j.foodqual.2013.01.004
http://dx.doi.org/10.1086/209499
http://dx.doi.org/10.1177/0022022106297301
http://dx.doi.org/10.1016/j.concog.2008.09.007
http://www.ncbi.nlm.nih.gov/pubmed/18952468
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	First Experiment: Developing the Color Scale Based on the Emotion-Color Association 
	Self-Reported Questionnaire 
	Procedures 
	Eye-Tracking Experiment 
	Procedures 
	Data Analysis 

	Second Experiment: Sensory Evaluation 
	Samples 
	Procedures 
	Data Analysis 


	Results 
	Self-Reported Questionnaire 
	Eye-Tracking Experiment 
	Sensory Evaluation 

	Discussion 
	Emotion-Color Association 
	Detecting the Food-Elicited Emotions Using the Developed Color Scale 

	Limitations and Suggestions for Further Research 
	
	References

