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Abstract: This study compares the characteristics of a self-report questionnaire (SRQ) and eye
tracking (ET) based on a simple human–beverage visual cognition model. The young participants
were mainly defined by their gender and body mass index (BMI). The beverage samples consisted of
milk, coffee, cup, and coaster. SRQs allow the participants to clearly express their overall cognition of
the samples in the form of vocabulary, while ET captures their hidden thinking process. The analysis,
using a random forest (RF) classifier, found that participant parameters (gender and BMI) played
a more important role for SRQ, while ET was related to beverage parameters (color and shape).
This work reiterates that these two methods have their advantages and complement each other in
food sensory analysis.

Keywords: eye tracking; self-report questionnaire; food preference; visual factor

1. Introduction

The appearance of food can effectively affect the cognitive preferences of consumers [1,2].
The essential elements of food appearance are their color and shape, which come from
their inherent nature, relative processing information, packaging materials, and environ-
ment [3,4]. Owing to the effects of physiological factors, including age, gender, and body
mass index (BMI), as well as psychological, social, and cultural factors, the cognition of food
appearance by consumers is generally complex [5–7]. The factors that can be perceived,
predicted, and systematically described in conscious language are usually named as explicit
types, while those that are unconscious, unpredictable, and nonverbal are implicit types [8].
Factors that aid in the comprehensive measurement of the visual cognition of consumers
and understanding the impact of food appearance on their preferences are of great help in
product packaging design, especially during the current epidemic period, when people
travel less and often rely on the images displayed on e-commerce platforms as a shopping
reference; this makes such research very valuable.

Since 1997, many methods to measure consumer cognitive features have been reported,
mostly based on subjective self-reporting questionnaires (SRQs) [9]. Such operations,
often based on explicit information, can obtain clear decision-making information of the
consumers and also serve users conveniently and quickly. However, the gap between
conscious vocabulary and unconscious thinking can easily lead to cognitive bias [10]. To
overcome the limitations of language, some authors have tried to develop nonverbal food-
induced emotion measurement methods to compensate for the shortcomings of the above
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methods [11–13]. Nevertheless, when the decision-making of the consumers is contextually
or environmentally cue-induced, which is devoid of deliberate attitude processing and lacks
rational thinking, explicit measurement is often not ideal. Therefore, implicit measurement
has attracted increasing attention as an auxiliary means [8,14].

Implicit measurements do not require participants to provide their subjective reports
directly. It focuses on analyzing their psychological state by measuring physiological
data such as heart rate (HR), blood pressure (BP), skin temperature (ST), skin electrical
activity (EDA), positron emission tomography (PET), magnetoencephalography (MEG),
electroencephalography (EEG), functional magnetic resonance imaging (fMRI), and eye
tracking (ET) [8,9]. A visual psychoanalysis technology, ET is based on human visual
behavior research [15]. Through gaze bias theory, many authors have pointed out that
gaze behavior is not only closely correlated with food choice behavior but is also actively
involved in the preference formation of consumers [16,17]. ET analyzes data mainly by
using the gaze of people on the visual area of interest (AOI), which is represented by the
visual hotspots distributed on the object image projected on a computer screen [15]. In most
software, gaze intensity, from high to low, is color-coded [18]. Understanding the difference
between ET and SRQ is important for improving visual sensory analysis technology.

In this study, the human–food visual cognitive model for comparing the explicit and
implicit measures is based on a traditional stimulus–organism–response (S-O-R) paradigm.
This paradigm was first proposed by Mehrabian and Russell [19] and later improved by
Lin [20], Bitner [21], and Schreuder et al. [22]. According to their interpretation, stimulus
mainly refers to the physical stimulation of the human body by food, organism mainly
refers to the early cognitive stage of humans, and response mainly refers to the conscious
expression of language when people have enough cognition of the stimulus. This paradigm
can concisely associate human parameters with food parameters. Accordingly, the par-
ticipants’ parameters were mainly classified as gender and BMI in this study. The visual
parameters of food samples, that is, color and shape, were mainly provided by specific
paper cups and coasters presented during the beverage model (milk and coffee) measure-
ments. The SRQ and ET were used to measure the visual preferences of participants, and
they represented the explicit and implicit methods, respectively. Correspondence analysis
(CA) and random forest (RF) classification analysis were used to analyze the parameter
correlations between the participants and the food samples. The main purpose of this
manuscript is to compare the differences between SRQ and ET methods through the study
of a specific human–food model so as to further aid in the comprehensive measurement of
the visual cognition of consumers and understand the impact of food appearance on their
preferences, which will further innovate product packaging design.

2. Materials and Methods
2.1. Participants

In total, 78 people participated in this study (38 men and 40 women). Among them,
there were 28 normal-weight (NW, BMI = 18.5–24.9), 26 underweight (UW, BMI < 18.5), and
24 overweight (OW, BMI > 25) participants. The participants were undergraduates majoring
in food science, and their mean age was 21 ± 0.7 years. Their sensory abilities, including
taste, smell, and vision, were normal, and none were allergic to milk or coffee. This study
was approved by the Medical Ethical Committee of China Agricultural University (Project
identification code: CAUHR-2019011).

2.2. Visual Samples

Milk, coffee, paper cups (white, 25 mL), and square coasters (5 colors, 9 × 9 cm) were
purchased from the supermarket. The five coaster colors included white (H (hue): 0◦, S
(saturation): 0%, L (lightness): 100%), blue (H: 210◦, S: 100%, L: 60%), green (H: 120◦, S:
50%, L: 60%), brown (H: 40◦, S: 100%, L: 30%), and red (H: 0◦, S: 60%, L: 50%). The five
geometric shapes used in this work were: circle (diameter 3 cm), hexagon (side length 1.5 cm),
pentagon (side length 1.8 cm), square (side length 3 cm), and triangle (side length 3 cm). These
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geometric shapes were pasted on the lower-left corner of the white coaster with transparent
self-adhesives. The combination of beverages (milk and coffee) with these coasters formed
20 visual samples (two of the samples are illustrated in Figure 1). The combined samples
were randomly presented to the participants one at a time.

Figure 1. Combination of the representative visual samples presented to participants. (A) a combina-
tion of milk with a circle; (B) a combination of coffee with a brown coaster.

2.3. Description Evaluation

The participants were asked to observe different colors (i.e., white, blue, green, brown,
and red) and shapes (i.e., circle, hexagon, pentagon, square, and triangle) that were used in
each of the two beverages scenes, respectively. Then, they were requested to describe each
stimuli using simple words (descriptors). CA is a technique for sensory evaluation; its
data are widely used to visualize a contingency table to obtain sample and descriptors
configurations in the form of points in orthogonal space [23]. The frequency of descriptors
used was counted for further CA.

2.4. SRQ Operation

The participants used the 3-point liking scoring method (1 = low, 2 = medium, 3 = high)
to express their preferences for the above samples [24]. The reason for using the 3-point
liking scoring method in this study was that it was easy to obtain obvious decisions from
participants.

2.5. ET Operation

The ET measurement, using an EyeSo Ec-80 eye tracker (60 Hz) (Brain craft Technol-
ogy Co., Ltd., Beijing, China), was performed after SRQ measurement. Calibration was
performed using a 9-point calibration procedure provided with EyeSo Studio software
version 3.3 (Brain craft Technology Co., Ltd., Beijing, China), and the participants were
asked to keep their heads still during the experiment [24]. The distance between the eyes
of the participants and the screen (21” full HD, resolution: 1920 × 1080 pixels) was fixed
at 60 cm with a head bracket (Figure 2A). As a scoring reference, the sample image was
displayed on the same slide on the screen along with the scoring table (Figure 2B). The
participants rated the samples by observing the scoring table to express their preferences for
the above samples without subjective reports. Before the ET measurement, the participants
underwent operation training. During the formal measurement, the participants were
required to continuously observe 20 scoring reference slides in random order. Between
two consecutive slides, a cross cursor at the screen center for 2 s was used to maintain
the calibration by visual inspection [25]. The observation time of every scoring reference
slide for each slide was 7 s [26], and this time control was designed to avoid visual fatigue
caused by watching the screen for a longer time.
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Figure 2. Eye-tracking measurement. (A) Participant-device position. (B) Slide displayed on the
screen. (C) Visual hotspot map on the screen.

2.6. Data Processing
2.6.1. Correspondence Analysis

Based on the chi-square distance, CA on word frequency was carried out using the
SPSS statistical package [24] (SPSS 22.0, IBM Corporation, Armonk, NY, USA).

2.6.2. ET Gaze Processing

The scoring table was designed as trisection circular visual AOI, as shown in Figure 2B,
where each sector corresponded to a certain score (AOI1 = 1 = low, AOI2 = 2 = medium,
and AOI3 = 3 = high). The gaze intensity, recorded as the dwell time by ET, indicated
the participants’ attention to the relative score. The gaze intensity< from high to low, was
represented by red through yellow to green colors [18]. With a longer dwell time, the gaze
intensity increases, and the score becomes more definite. Figure 2C shows the ET hotspot
map of the sample, with a score of 3.

2.6.3. Random Forest Classifier

The RF classifier is an integrated machine learning algorithm extended from a decision
tree (DT) with superior predictive performance, and it further analyzes the weights of the
prediction factors in the model [27]. According to the method proposed by Deng et al. [27],
the RF classifier code was written using Python v.3.7 (Anaconda, Inc., Austin, TX, USA),
with slight modifications. This code embeds the datasets in a Euclidean space through one-
hot coding and normalization preprocessing. The participant parameters, that is, gender
(male or female) and BMI (NW, UW, or OW), were digitized with 1 or 0 (yes or no) for
each person, respectively. This code constructed 100 classification trees using a bootstrap
strategy, using randomly selected training sample subsets and predictors for ternary splits.
A default impurity, Gini, was used to determine the splitting quality. The code performance
was empirically evaluated using 10-fold cross-validation. The hyperparameters in the
code were automatically adjusted by grid-searching cross-validation. The code prediction
accuracy was estimated by averaging the metrics of the 10 groups.

2.7. Statistical Analysis

Statistical data were analyzed using paired t-tests to understand the differences be-
tween SRQ and ET measures. Analysis of variance (ANOVA) was used to obtain consumer
preferences for visual samples, and Bonferroni’s multiple comparisons test (p < 0.05) was
conducted using GraphPad Prism 7.04 (GraphPad, Inc., San Diego, CA, USA).

3. Results
3.1. Correspondence analysis

Figure 3 compares the correspondence between the color (Figure 3A,B) or shape
stimuli (Figure 3C,D) and descriptors in the different beverage systems (Figure 3A,C for
milk, Figure 3B,D for coffee). The distance between the word points in the figure can be
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used as a reference for comparing their correspondence level; the shorter the distance, the
stronger the correspondence [28].

Figure 3. Correspondence analysis between color or shape stimuli and descriptors in the different
beverage systems. The x−axis represents the first dimension (Dim 1), while the y−axis represents the
second dimension (Dim 2). (A) Color preferences of milk; (B) color preferences of coffee; (C) shape
preferences of milk; (D) shape preferences of coffee.

In the color part, CA denoted 87.26% of the milk variance (Dim 1 = 54.58%, Dim 2 = 32.68%)
(Figure 3A) and 80.63% of the coffee variance (Dim 1 = 57.97%, Dim 2 = 22.66%) (Figure 3B).
The closest distance between the color stimuli and descriptors was white-matched in milk
and brown-matched in coffee. White in milk and brown in coffee were also close to mellow and
thick, respectively. The spatial proximities of white-clear, green-fruity, and red-deteriorated in
both beverages were similar. The correspondence of the other words is less obvious.

In the shape part, CA denoted 95.44% of the milk variance (Dim 1 = 57.62%, Dim 2 = 37.82%)
(Figure 3C) and 93.13% of the coffee variance (Dim 1 = 58.99%, Dim 2 = 34.14%) (Figure 3D).
The closest distance between the shape stimuli and descriptors was circle-matched and
circle-smooth in milk and circle-matched and circle-smooth in coffee. The spatial proximi-
ties of triangle-keen-edged and pentagon-keen-edged were similar in both beverages. The
correspondence of other words was not easy to distinguish.

3.2. Preferences of the Whole Group

Figure 4 compares the preference scores of the whole group obtained using the SRQ
and ET measurements. Figure 4A and 4B show the color effects of the coasters on milk
and coffee, and Figure 4C and 4D are related to the shape effects of the coasters on milk
and coffee, respectively. In the color part for both SRQ and ET, white in milk, and brown in
coffee exhibited the highest preference, while red in milk, as well as green and blue in coffee,
exhibited lower preference. In the shape part, only circles caused a higher preference for
both beverages. The results of the two methods are consistent in all cases.
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Figure 4. Comparison of the visual preferences of milk and coffee by self-report questionnaire (SRQ)
and eye-tracking (ET) measurements. Different lowercase letters mark significant differences in the
SRQ-beverage model; Different uppercase letters mark significant differences in the ET-beverage
model. (A) Color preferences of milk; (B) color preferences of coffee; (C) shape preferences of milk;
(D) shape preferences of coffee.

3.3. Preferences of the Gender Groups

Figure 5 compares the preference scores of the gender groups obtained using the SRQ
and ET measurements. Figure 5A,B show the color effects of the coasters on milk and coffee,
and Figure 5C,D show the shape effects of the coasters on milk and coffee, respectively. In
terms of color, there were significant differences in gender preferences for white, blue, and
brown coffee. The results of SRQ and ET for blue, brown, and red coffee were inconsistent.
These significant differences were not observed in milk. In terms of shape, there were
significant differences in gender preferences for pentagon and triangle in milk and circle and
hexagon in coffee. The results of SRQ and ET were consistent in coffee but inconsistent
for pentagon, square, and triangle in milk. Although gender had a certain impact on the
preferred choice, the combinations of milk-white, milk-circle, coffee-brown, and coffee-circle
had the highest preference (Supplementary Materials, Tables S1–S4).

3.4. Preferences of the BMI Groups

Figure 6 compares the preference scores of the BMI groups obtained from the SRQ and
ET measurements. Figure 6A,B show the color effects of the coasters on milk and coffee, and
Figure 6C,D are related to the shape effects of the coasters on milk and coffee, respectively.

In terms of color, there were significant differences in BMI preferences for red in
milk and white and red in coffee. The results of SRQ and ET were consistent in milk but
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inconsistent for blue and red in coffee. In terms of shape, there were significant differences
in BMI preferences for hexagon and triangle in milk and square in coffee. The results of SRQ
and ET for square and triangle in milk and triangle in coffee were inconsistent. Similarly,
BMI analysis also showed that the combinations of the milk-white, milk-circle, coffee-brown,
and coffee-circle had the highest preference (Supplementary Materials, Tables S5–S8).

Figure 5. Comparison of the preferences scores of the self-report questionnaire (SRQ) and eye-tracking
(ET) measure of the gender groups. † Indicates statistical significance at p < 0.05 (†) between males and
females. * Indicates statistical significance at p < 0.05 (*) between SRQ and ET. (A) Color preferences
of milk; (B) color preferences of coffee; (C) shape preferences of milk; (D) shape preferences of coffee.

3.5. Random Forest Classifier Analysis

Table 1 compares the SRQ and ET analysis of the combined beverage samples with
the highest preference using the RF classifier. The datasets of these samples were named
WCM-ET (white-circle-milk-ET), WCM-SRQ (white-circle-milk-SRQ), BCC-ET (brown-circle-
coffee-ET), and BCC-SRQ (brown-circle-coffee-SRQ), respectively. These datasets contained
the information of the participants (gender and BMI) and beverage samples (color, i.e.,
white or brown, and shape, i.e., circle). The prediction accuracies varied between 67.2–76.4%
in all cases. In SRQ, the total contributions of participants (0.72 in milk and 0.59 in coffee)
were higher than those of beverage samples (0.28 in milk and 0.41 in coffee), while in ET,
the total contributions of participants (0.25 in milk and 0.39 in coffee) were lower than those
of beverage samples (0.75 in milk and 0.61 in coffee).
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Figure 6. Comparison of the preferences scores of the self-report questionnaire (SRQ) and eye-
tracking (ET) measure of the BMI groups. UW: underweight; NW: normal weight; OW: overweight.
† Indicates statistical significance at p < 0.05 (†) between body mass index (BMI) groups. * Indicates
statistical significance at p < 0.05 (*) between SRQ and ET. (A) Color preferences of milk; (B) color
preferences of coffee; (C) shape preferences of milk; (D) shape preferences of coffee.

Table 1. Comparison of the relative contributions of the participants’ parameters and visual parame-
ters using the RF classifier, as well as the accuracy of prediction datasets of WCM-ET, WCM-SRQ,
BCC-ET, and BCC-SRQ.

Datasets Prediction Datasets Accuracy (%)

Participant Parameter
Contribution

Visual Parameter
Contribution

BMI Gender Sum Color Shape Sum

Milk
WCM-ET 74.3 0.16 0.09 0.25 0.29 0.46 0.75

WCM-SRQ 76.4 0.50 0.22 0.72 0.19 0.09 0.28

Coffee
BCC-ET 67.3 0.33 0.06 0.39 0.19 0.42 0.61

BCC-SRQ 67.2 0.47 0.12 0.59 0.17 0.24 0.41

WCM-ET: white-circle-milk-ET; WCM-SRQ: white-circle-milk-SRQ; BCC-ET: brown-circle-coffee-ET; BCC-SRQ: brown-
circle-coffee-SRQ.
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4. Discussion

The CA was used to preliminarily investigate the cognitive status of the participants
in the beverage samples (various combinations of beverages, paper cups, and coasters).
According to the experimental design, the visual characteristics of these samples could be
mainly covered by two groups of stimuli words, colors (red, green, blue, brown, black, and
white) and shapes (circle, hexagon, pentagon, square, and triangle). It was expected that the
correspondence between these stimuli samples and the descriptors freely provided by the
participants (such as matched, mellow and thick, milky, fruity, smooth, keen-edged) could reflect
their cognitive state.

In Figure 3, the descriptor matched was very close to white or circle of milk as well as
brown or circle of coffee, indicating that the participants had a consistent recognition of the
collocation of the white-circle-milk and brown-circle-coffee. Such thinking usually evolves
from the common sense of participants and several experiences of their explicit or implicit
life. In contrast, other descriptors lacked this matching cognition; for example, red was
closer to bloody, green was closer to fruity, triangle was closer to keen-edge, and so on, but
“matched” was far from them in the figures.

SRQ and ET methods were used to further analyze the preferences of the above
samples, respectively. Both the methods found that the participants in the whole group
(Figure 4), gender groups (Figure 5), or BMI groups (Figure 6) had the highest preference
for the combinations of white-milk, circle-milk, brown-coffee, and circle-coffee. This finding
indicates that the word matched in Figure 3 has high preference characteristics.

In contrast, for other samples, it was difficult to make the conclusions of these two
methods consistently under the above grouping conditions. Furthermore, many studies
have inferred that the appearance of products can interfere with the preference behavior of
the consumer, and the gender, weight, and health status of the consumer can also affect
their living habits and food preferences, which deviate them from real ideas and aid in
making choices conducive to themselves [29–31]. In this context, consumer preferences are
often complex, ambiguous, and difficult to capture correctly.

Considering that the focus of this work was to investigate the differences between
SRQ and ET, the samples that led to the inconsistency between these two methods were
temporarily avoided. White-milk, circle-milk, brown-coffee, and circle-coffee, as the combi-
nation research objects (WCM and BCC), were used with the RF classifier to process the
relevant datasets.

The RF classifier is a common machine-learning classifier. When dealing with nonlin-
ear multi-parameter relationships, it can exhibit the contribution of each parameter through
weight analysis [27,32]. Table 1 compares the weights of the participant parameters (BMI
and gender) and the sample visual parameters (color and shape) in the SRQ and ET mea-
sures, respectively. In both milk and coffee, the weight of the participant parameters was
higher than that of the sample visual parameters in the SRQ, but the opposite was true for
ET. In the SRQ operation, the participants could immediately express their decisions by
selecting the scores on the questionnaire. As mentioned earlier, under conscious control,
their physical state may participate in their cognitive processes and eventually produce
deliberate operations [29,30,33]. Conversely, there was no need to immediately express the
decision in ET measurement, so the visual traces left by the participants on the computer
screen included the conscious decision information and the unconscious thinking infor-
mation stimulated by images [34,35]. Moreover, their final decisions were determined by
the experimenters and not by themselves, which might be the main reason underlying the
differences between the SRQ and ET measurements.

Briefly, the participants’ explicit and implicit thinking would be intertwined, which
would be reflected in the data of SRQ and ET. However, the difference in measurement
principles led to the respective advantages of the two methods. The former allowed
the participants to clearly express their overall cognition of the samples in the form of
vocabulary, represented by the CA diagram, while the latter could capture their hidden
thinking process. Finally, by comparing SRQ and ET data, RF showed the implicit thinking
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characteristics of the participants through the influence weight of the various factors. It
should also be noted that the accuracy of the RF classifier was only between 67.2–76.4%,
which indicated that the present human–food model and the two methods may have
systematic errors in the selection of the color/shape stimuli and descriptors (degree of
vocabulary optimization), control over the ability of the participants (their level of free
expression and observation), and even environmental impact (e.g., interference from color
and shape visual factors of the laboratory furniture and equipment). In addition, the
selection of specific participants and samples inevitably limits the universality of the
conclusions. These details warrant further study.

5. Conclusions

In this study, the effects of participants and beverages on SRQ and ET were compared
by analyzing a simple human–beverage visual model. The results show that the beverage
appearance factors (color and shape) affected the participants’ preferences, while the physi-
ological factors of participants (gender and BMI) also affected their preferences. Through
the analysis of RF classifiers, it was noted that the influence of beverage appearance played
a greater role in ET measurement. In comparison, the influence of the physiological factors
of participants played a greater role in SRQ measurement. The different characteristics of
the two methods indicate that they can complement each other in sensory research.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/foods11040505/s1, Table S1: The color preferences scores of SRQ
or ET measurements of different gender groups in milk samples. Table S2: The color preferences
scores of SRQ or ET measurements of different gender groups in coffee samples. Table S3: The shape
preferences scores of SRQ or ET measurements of different gender groups in milk samples. Table S4:
The shape preferences scores of SRQ or ET measurements of different gender groups in coffee samples.
Table S5: The color preferences scores of SRQ or ET measurements of different BMI groups in milk
samples. Table S6: The color preferences scores of SRQ or ET measurements of different BMI groups
in coffee samples. Table S7: The shape preferences scores of SRQ or ET measurements of different
BMI groups in milk samples. Table S8: The shape preferences scores of SRQ or ET measurements of
different BMI groups in coffee samples.
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