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Abstract: As an important part of a hotel’s internal environment, color design affects not only
customers’ hotel stay experiences, but also their check-in experiences. However, how hotel guests’
emotional experiences are affected by interior color design is understudied in China. Drawing on
the theory of color psychology, we designed a Virtual Reality (VR) experiment and a questionnaire
to explore how hotel guests” emotional experience can be influenced by the color scheme of hotel
interior color design. The results show that hotel rooms decorated in yellow have a pleasurable
effect, those decorated in gray a calming effect, and those decorated in blue a relatively neutral effect.
Young participants have more negative emotional responses to rooms decorated in dark yellow.
The emotional impact of both gray and yellow with higher grayscale values shifts from positive to
negative with the improvement of customers’ educational background. Low grayscale color schemes
are preferred over high grayscale ones, and indoor environments with synergistic colors are preferred
over contrasting colors. It is also found that male subjects tend to have more positive emotional
reactions to all color schemes than females. For most subjects, age and education have no effect on
their emotional reactions to different color schemes. These findings have important implications for
hotel interior environment color design.

Keywords: color psychology; hotel indoor environment; emotion; subjective evaluation; VR experiment

1. Introduction

Color plays an important role in influencing human perception. About 83% of human
perceptual information comes from vision, and visual information is dominated by color [1].
As a sensory attribute, the impact of color on the service industry has been of interest to
some scholars, and some studies have been carried out on customers’ perceptions of the
wall color of barber shops [2], clothing stores [3], restaurants [4], etc. Studies of this
type have examined customers’ visit intentions or attitudes by changing the color of a
space [5] and have traced the changes in their psychological and physical perception
of the space [6]. Hotel rooms are the spaces where customers spend most of their stay
time [7]. Therefore, compared with other parts of a hotel, the decoration and design of
rooms have a more substantial impact on customers’ emotional experiences. As color is
one of the dominant visual elements in hotel internal environments [8], many scholars have
conducted in-depth research on it. Color has been proven to significantly affect customers’
aesthetic perceptions, emotional experiences, behavioral intentions, and other subjective
reactions [9,10]. Although subjective evaluation methods have been used in most existing
studies, the contents evaluated in them vary from one to another. For example, though
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Selin [8] and Lee [11] both adopted subjective evaluation methods to investigate hotel guests’
emotional experiences of interior color design, the former focused on the subjects’ states of
pleasure in blue, yellow, and gray rooms of urban hotels, whereas the latter concerned itself
with the influence of cold color-themed rooms, especially those dominated by green, on
customers” emotional well-being. Virtual digital image experiments have been designed in
some recent studies, which have found that the influence of warm color schemes on arousal,
stimulation, and excitement is stronger than that of cold color and colorless schemes, and
cold color schemes can produce a better ambience of spaciousness and tranquility than
warm color and colorless schemes [12]. Notably, previous research has mainly dealt with
the emotional effect of the singular cold /warm dimension of colors. Hence, further research
is needed to fully reveal the impact of different color systems and different color schemes
of different grayscale values in the hotel indoor environment on customers’ emotional
experiences, and whether the synergistic and contrasting colors of such items as bed flags
and pillows in the room will cause changes in customers” emotional responses.

Color psychology is the study of human psychological activities in relation to colors.
Drawing on traditional psychological theories, it scientifically studies the relationship
between color, humans, and the environment. Different colors convey different visual
information to the brain, where different associations are formed, and different psycho-
logical and emotional reactions are generated, including the perception of temperature
and distance as well as the feeling of excitement, depression, irritability, and stability [13].
Research on the relationship between color and psychological function can be traced back
to W. Goethe, a German poet and erudite who intuitively speculated on the relationship
between color perception and emotional experience and divided colors into positive and
negative categories. Positive colors, namely, yellow, red yellow, and yellow red, are consid-
ered to be stimulants of positive emotions, such as liveliness, ambition, and warmth, and
blue, red blue, and blue red are regarded as the ideal colors that trigger negative emotions,
such as anxiety and cold [14]. Psychological research has proved that different colors have
different meanings [15] and can affect human perceptions [16]. For example, red represents
excitement and passion [17], blue is related to openness and peace [18], yellow means
happiness, while green generally symbolizes safety and environmental awareness [10],
and so forth. Existing research on color psychology in China mainly focuses on packaging
design [19], interior decoration design [20], architectural design [21], etc. As is widely
accepted by color psychologists, the meaning of colors is culturally bounded [22], and due
to the influence of traditional Chinese culture, high purity red and yellow are favored by
most people in China. However, with the influx of foreign cultures, the color preferences of
the younger generation are more diverse, and the color choice of the living environment is
related to the decoration style, the location of the city, and the purpose of living. According
to the authoritative data analysis of “Nippon CCM Color Management System”, red and
yellow are not among the 13 Chinese favorite colors released in 2022, which indicates
that the color issue in hotel interior design is in need of further investigation. While the
hotel indoor environment is under-researched in the realm of color psychology, the rise of
boutique hotels in recent years, especially those with more diverse and bold colors, has
further pushed the boundaries of the research field.

Previous studies have used field experiments or combined virtual digital images with
questionnaires to investigate the impact of different colors on subjects” emotional responses.
Field experiments can obtain objective and practical information and eliminate the deviation
of subjective estimation. Nonetheless, experimental studies are time-consuming, costly,
and highly demanding of the experimental conditions. By contrast, subjective evaluation
of virtual digital images based on 2D screens is more cost-effective. Nevertheless, such
studies may well be problematic in that the subjects cannot be completely immersed and
are susceptible to external interference. In a word, current research on the emotional
experience of hotel indoor environment is either confronted with the challenge of variable
control and color classification, or it is defective due to the inadequate immersion of the
hotel indoor environment and the diversity of color collocation. Therefore, this study
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was intended not only to focus on the impact of gray, blue, and yellow hotel indoor
environments on customers’ emotional experiences, but also to take a further step to
explore the emotional effect of gray, blue, and yellow rooms of different grayscale values.
Despite the demanding requirements of the colors of hotel indoor environments, the
virtual environment makes it possible to combine the control of laboratory measures
with the fidelity of daily experience [23] and hence ensures the reliability of subjective
evaluations. Virtual reality (VR) can evaluate cognition, emotion, and behavior in an
ecologically effective environment, and individuals can experience it in an immersive VR
environment [24]. Moreover, the experimental cost of VR technology is relatively low, and
the experimental process is relatively simple and convenient. In this study, VR modeling
was used to build virtual hotel rooms, and experiments were carried out through VR
technology to overcome the challenges of demanding requirements for hotel color and
difficult control of the external environment. When the experiment was over, the subjects
were immediately invited to fill out a questionnaire to report their authentic feelings in a
direct and timely manner. The questionnaire was designed in line with the most updated
scale of existing studies and has high reliability and validity.

To sum up, this study first collected the main color systems of contemporary hotels
through Ctrip and summarized the three main color systems of hotel indoor environments,
i.e., yellow, blue, and gray, in reference to the color wheel. Drawing on color psychology
theories, it was intended to provide a new perspective for the influence mechanism of
color on customers” emotional experience of hotel indoor environments by addressing the
following four specific questions:

Q1: Whether and how hotel rooms decorated in gray, blue and yellow have a significantly
different emotional impact on customers’ hotel stay experience.

Q2: Whether and how changing the grayscale value of gray, blue, and yellow leads to a
change in customers’ emotional experience.

Q3: Whether synergistic colors or contrasting colors have a significantly different emotional
impact on customers’ emotional experiences, and what color preferences customers have.
Q4: Are the impacts indicated in Questions 1-3 associated with demographic characteristics ?

In accordance with the principle of positivist philosophy, this study applied VR
technology and conducted a questionnaire to ensure the authenticity and objectivity of the
subjects’ reported emotional responses. From the perspective of color psychology;, it is a
useful attempt to explore the impact of different colors in the hotel indoor environment on
customers’ emotional experience. It can not only complement with existing research on
potential factors affecting the mood of hotel guests, but also provide new insights into the
interior color design of hotels.

2. Methodology
2.1. Research Framework

This study was comprised of a VR experiment and a questionnaire. When the ex-
periment on each participant was completed, the participant was invited to fill out the
questionnaire, which was intended to collect their emotional perception of the hotel internal
environment decorated in different colors. Subsequently, the relationship between different
colors and respondents” mood, age, education background, and gender were explored
through repeated measures analysis of variance, one-way analysis of variance, and an
independent samples t-test. Finally, the interior color design of hotels, particularly the
choice of specific color systems and the combination of different colors, was discussed, and
implications were provided for the design of hotel interior environments. The research
framework of this paper is demonstrated in Figure 1.
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Figure 1. Experimental simulation diagram and their relevant parameters.

2.1.1. Experimental Design

(1) Experimental instrument

VR technology has proven to have an incomparable edge over two-dimensional planes
in subjective evaluation. It can overcome the limitation of time and space; integrate immer-
sion, interactivity, and imagination; and bring immersive life experience to users through
virtual environment maps, videos, audios, etc., so that users can immerse themselves in it
and have a sense of intuition substitution or intuition enhancement [25-28]. In addition, the
virtual environment fully reflects the complexity of the real world, and the value obtained
by virtual space is almost the same as the value obtained from the real world [4]. Stamp’s
meta-analysis gives full support to the use of virtual space in studying the effectiveness of

responses to architectural features [29].

The VR device used in this study was Pico/Bird Look, which has the merits of simple
setup steps, better clarity, and more stable connection. The specific parameters of the device

are displayed in Table 1.

Table 1. Equipment parameters.

Brand Name

Pico/Bird Look

Model
Type
Production enterprise
Intelligent type
Time to market

Product details and display

Pico Neo3 Xiaomang joint edition
Pico Neo3 128G Xiaomang Pioneer Edition
Goertek Inc.

Other intelligence
1 February 2022
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(2) VR scene building

In order to measure the emotional effect of color schemes on hotel guests’ stay ex-
periences, this study showed the participants a series of digital images of virtual rooms
that differed only in the color of indoor walls, curtains, pillows, and bed-end cloth. Ac-
cording to the auditory scale in environmental psychology, the convenient distance of
conversation is less than 3 m, and the most effective distance of hearing is less than
6 m [30]. As the standard rooms of express hotels are usually occupied by two people, the
length is 6 m. As for the width, according to the human body scale in ergonomics, the
best width of express hotels is 3.6 m [30]. Therefore, the virtual room designed in this
study was a 21.6 m? large bedroom, including a 1.8 m x 2.2 m bed, two bedside cabinets of
042m x 0.55m x 0.5 meach,a2.4m x 0.6 m x 2.1 mwardrobe,a0.4m x 1.6 m x 0.54 m
TV table, and a 1.05 m x 0.4 m x 0.79 m desk. In this study, Sketch-up was used to model,
and Enscape was used to obtain a surreal attempt. As regards the color scheme of the
virtual space, the three color systems of yellow, blue, and gray were adopted to compare
indoor items with the five color schemes of yellow, green, blue, green, purple, and gray. In
light of previous research [8,31] and the color wheel, we chose these five color schemes. The
reason is that on the color wheel, the radial areas of green and yellow form a rectangle, and
purple is opposite to yellow, which makes them complementary. In other words, the five
color schemes can encompass all the color systems contained in the color wheel. Twelve
15 W white LED downlights, a 10.2 m white 3000 K LED strip, and two 8 W white LED
bedside chandeliers were used for the lighting of the virtual space. In order to improve
the reliability of the experiment, the furniture and decoration of each experimental VR
room remained unchanged, and only two colors were contrasted. For the first contrast, the
lightness and saturation of yellow, blue, green, and purple were fixed, and only the hue
of the four colors was changed. For the second contrast, the hue and saturation of yellow,
blue, and gray were fixed, and the grayscale value of each color was reduced by 40% (as
shown in Figure 2a—c).
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Figure 2. Experimental simulations and relevant parameters: (a) gray schemes and relevant pa-

rameters; (b) blue schemes and relevant parameters; (c) yellow schemes and relevant parameters;
(d) colorless scheme and relevant parameters.

In addition to the six virtual experimental settings mentioned above, a colorless (pure
white) auxiliary setting was set up separately (Figure 2d). The major consideration to do
so was that the subjects needed to observe different color combinations within a certain
period of time, which might cause visual fatigue, which would in turn lead to inconsistency
in their feedback. The color-free auxiliary setting was designed to reduce this type of
error. Before the formal experiment, a 3-5 min transition period was arranged to allow
the subjects to wear VR glasses, enter the colorless auxiliary setting for observation, and
to become familiar with the color as well as the spatial environment of the virtual room.
Furthermore, the subjects were required to wear noise-reducing headphones that played
light music so as to alleviate experiment-induced anxiety and tension. Throughout the
experiment, the subjects always wore noise-reducing headphones to ensure that there was
no external auditory interference.

This experiment was carried out from late February to March 2022 in Jian Xu's labora-
tory of South China University of Technology, Guangzhou, Guangdong, China. February
to March is the time for teachers and students to return to school, and they have a low level
of work-related pressure and are in a relaxed state of mind. The experimental time was
intentionally set between two o’clock and five o’clock in the afternoon, for the temperature
at this time is also suitable. Teachers’ laboratories are bright, quiet, and dull in color, which
can minimize external interference.

2.1.2. Questionnaire Design

The questionnaire used in this experiment consisted of three parts and contained
61 questions in total. The first part of the questionnaire was designed as a color blindness
and color weakness test with a view to screening out the subjects insensitive to color. For
that purpose, three test charts were provided, and the subject was required to identify the
numbers or images in the charts. If the subject failed to identify the symbols in all the three
charts, which meant that he/she could not accurately distinguish the colors, the VR experi-
ment would not be conducted on the subject. Only the qualified subjects would proceed to
the second part, that is, to choose a favorite color system from the color wheel. The third
part was designed to obtain the subjects’ subjective feelings while observing the virtual
rooms. The subjects would enter different virtual rooms that were randomly ordered. When
observing each virtual room, subjects were requested to answer questions concerning the
emotional experience of brightness satisfaction and color combination, etc. In light of exist-
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ing research, a seven-level semantic gradient scale was adopted, and the subjects were asked
to report their emotional responses to a given color scheme simply by marking the semantic
level. The specific measurement items of the scale were optimized in accordance with exist-
ing research [12] and are listed as follows: happy/unhappy, warm/cold, vivid/lackluster,
stimulating /non-stimulating, calm/restless, peaceful /unpeaceful. Questions concerning
demographic information, including gender, age, education, occupation, income, etc., were
also placed in the third part in order to ensure that the subjects” willingness to participate
in the experiment would not be affected due to privacy concerns.

Prior to the formal recruitment of experimental subjects, a host of male and female
testers with different educational backgrounds aged between 18 and 52 were invited to
evaluate the comprehensibility of the questionnaire items, and all the testers were able
to correctly understand and answer the questions. Excluding individual factors (such as
reaction to and acceptance of the VR device) and equipment debugging, the total amount of
time each subject spent wearing VR equipment was within 5 min [31], the duration of the
experiment was reasonable enough, and no sign of fatigue or impatience was detected in
each subject. During the experiment, the researchers asked the questions orally, the subjects
answered each of them orally, and the researchers recorded the answers.

2.2. Participants

From January to February 2022, 112 participants, who were born and brought up in
different regions of China but all living in Guangzhou, were recruited to participate in
the experiment through online and offline promotion. The researchers promised to the
recruited participants that they would be presented a carefully prepared prize if they could
take active participation in the experiment.

A color blindness and weakness test was then administered on the recruited par-
ticipants. Those who were color blind or unable to accurately distinguish colors were
identified, and the data of the subsequent experiment on them were to be excluded. In
addition, those who had received color education or engaged in professional color research
were also screened out. In the end, a total of 104 valid experimental samples was obtained
in this study, and the effective response rate reached 92.86%. As displayed in Figure 3, the
gender ratio was roughly balanced, with females slightly outnumbering males; the age
distribution was dominated by the group aged 24 and below; and most of the participants
were mainly from young and middle-aged groups. As for education level, the majority
was bachelors, junior college students, and students of master programs or above, and the
proportion of bachelor/junior college students/graduates was the highest. With respect
to occupation, the proportion of students was the highest, followed by enterprise employ-
ees and freelancers. With regard to average monthly income, all income segments were
covered, but because the subjects were mainly students, the average monthly income was
dominantly 3000 yuan or less.

2.3. Data Analysis

SPSS 26 was applied to analyze the statistical data in this study. First, the reliability
and validity of the dependent variables were examined, the existence of a relationship
between the dependent variables was evaluated by correlation tests, and then the average
and standard deviation of the data were calculated. The repeated measures ANOVA
was used to test the effect of the interior color design on the participants’ emotional
experience. One-way analysis of variance was used to test the effect of age and education.
An independent-samples T test was used to test whether there was a significant difference
between different age groups’ responses. The data obtained were presented in graphical or
tabular form.
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= Bachelor / College
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Figure 3. Demographic characteristics of the sample: (a) occupation; (b) gender; (c) age group;
(d) educational background; (e) monthly income.

2.4. Reliability and Validity Test

Cronbach’s consistency coefficient o value in the alpha analysis model was used to
analyze the reliability of the scale. As can be seen from Table 2, the o coefficient of the
scale was 0.956, much higher than the standard value of 0.7, indicating that the scale had
high internal consistency; the results of the KMO and Bartlett tests, as displayed in Table 3,
showed that the significance was less than 0.05, and the KMO statistic was 0.839, higher than
0.7, indicating that the scale had construct validity [32,33]. Initially, 112 participants were
recruited, and when the invalid experimental results were excluded, 104 valid experimental
samples were finally obtained, which met the basic requirements of the current research.

Table 2. Reliability analysis.

Project Index
Cronbach’s alpha 0.956
Number of items 45

Table 3. KMO and Bartlett’s Test.

KMO (Kaiser-Meyer-Olkin) 0.839
Approx. Chi-Square 4737.332
Bartlett test of sphericity Degrees of freedom 990

Significance 0.000




Buildings 2022, 12, 984

10 of 25

Gray - Gray

(Co color)

Yellow - Yellow

(Co color)

3. Results
3.1. Color Preference Statistics

The results of the first part of the questionnaire revealed that the participants had the
highest preference for yellow (47.11%), followed by blue (28.84%) and gray (7.69%). Of the
five color systems, the aforementioned three were favored by more than 80% (83.64%) of all
participants (Figure 4). It was also found that synergistic and gray colors were preferred
over the others, which indicates that in interior decoration, synergistic and gray color
schemes are more pleasurable and welcoming to individuals.
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Figure 4. Cont.
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Figure 4. Preference statistics of color combination in hotel internal environment: (a) color preference
statistics of the gray room; (b) color preference statistics of the yellow room; (c) color preference
statistics of the blue room.

3.2. Effect of Color on Emotional Experience

The results of the six experimental settings were analyzed to reveal the statistical
relationship between different color schemes and the participants” emotional responses.
The means and standard deviations of the participants’ ratings of their emotional responses
to the six virtual rooms are shown in Table 4. Differences between participants” emotional
responses to the color schemes of the virtual room are shown in Figure 5. The following
findings could be drawn from the statistical analysis:

(1)  Among the three color systems of gray, yellow, and blue, yellow could evoke more posi-
tive individual emotions than gray and blue, which is supportive of Jonauskaite et al.’s
conclusion [34] that yellow is more related to positive emotions such as happiness.

(2) Hotel rooms decorated in gray and blue were more effective in bringing customers a
sense of calmness, which is also consistent with previous research, indicating that cool
colors can give people a more calm and quiet mood [34]. For example, Ayash et al.’s [16]
experimental study on the effect of color on students’ mood, heart rate, and perfor-
mance in the learning environment suggests that blue makes people feel more relaxed
and calm.

(8) As the grayscale values of the three color systems were increased, the participants’
emotional responses become less strong, and yet the positive impact of the yellow
room remained higher than that of the gray room and the blue room. In addition
to the fact that the yellow system chosen in the experiment was a warm color, and
warm colors can bring more positive emotions, there was another reason that the dark
yellow hotel internal environment was still brighter than the dark gray one and the
dark blue one. Bright colors are more likely to generate positive emotions, which is in
accord with Ulusoy et al.’s findings [35]. In other words, lighter and less saturated
colors evoke more positive meanings than darker and more saturated colors [36,37].
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Table 4. Means and standard deviations of participants’ ratings of emotional experience.
Color
i Gray (Grayscale Blue (Grayscale Yellow (Grayscale
Dependent Variable Gray Inc);ease ZO% ) Blue Increase XO% ) Yellow Increase 40%)
M SD M SD M SD M SD M SD M SD
Happy/Unhappy 4587 1.251 3.567 1413 4.933 1.100 3.606 1210 5.298 0.934 3.856 1.347
Warm/Cold 4.375 1.323 3.490 1.246 4.279 1.218 3.337 1.235 5.558 0.943 4135 1.322
Vivid/Lackluster 3.808 1.337 3.317 1.248 4.712 1.155 3.452 1.299 5.404 1.010 3.933 1.279
S“g‘gﬁﬁf‘ﬁé I;IO“' 3.856 1.280 3.423 1.236 4.423 1.163 3471 1.262 5.106 1114 3.865 1.285
Calm/Restless 4.817 1.305 3.817 1.406 4.635 1.183 3.702 1.253 4.404 1.162 3.885 1.324
Peaceful/Unpeaceful 4.856 1.280 3.817 1.328 4.673 1.226 3.673 1310 4.817 1.189 3.933 1.279
Happy/ Unhappy
Q,
Peaceful/ Unpeaceful P89 Warny/ Cold
86 £
Clam/ Restless = Vivid/ Lackluster
Stimulating/ Non-stimulating
Yellow Blue © Gray ©O Dark yellow © Dark blue © Dark gray
Figure 5. Influence of different color schemes in hotel internal environment on mood.

As the p value of the Mauchly’s test of sphericity was less than 0.05 (Table 5), the
null hypothesis of sphericity was rejected. Combined with the results obtained by the
multivariate test (p = 0.000) (Table 6), it was found that there was a statistically significant
difference (p < 0.001) between the emotional effects of different colors.

Table 5. Mauchly’s test of sphericity 2.

Measure: Emotion

Within . Epsilon

Approximate .
Subjects Mauchly's W “EP Df. Sig. Greenhouse- Huynh- Lower—
Chi-Square .
Effect Geisser Feldt bound
Color 0.446 81.596 14 0 0.753 0.785 0.2

Test the null hypothesis that the error covariance matrix of the dependent variable after the orthogonal trans-
formation is proportional to the identity matrix. # Design: Intercept: Main body design: color; b The degrees
of freedom that can be used to adjust the mean significance test. Modified: tests are displayed in the Tests for
Within-Subject Effects table.
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Table 6. Multivariate test 2.
Effect Value F Hypothesis df Error df Sig.
Color Pillai’s trace 0.681 42314° 5.000 99.000 0.000
Wilks” lambda 0.319 42314 " 5.000 99.000 0.000
Hotelling’s trace 2.137 42314 " 5.000 99.000 0.000
Roy’s largest root 2137 42.314° 5.000 99.000 0.000

2 Design: Intercept: Main body design: color;  Precise Statistics.

As shown in Figure 6, it is apparent that different color schemes had different effects
on emotional responses. Among the color systems of gray (color 1), blue (color 3), and
yellow (color 5), gray had the least impact on emotions, followed by blue, and yellow
was most likely to cause emotional fluctuations. Among the adjusted schemes of dark
gray (color 2), dark blue (color 4), and dark yellow (color 6), the effect of dark gray and
dark blue on human emotions was not significantly different; compared with the other
two schemes, dark yellow was still more likely to cause emotional fluctuations. It can
also be found that changing the grayscale value of each color system could change their
emotional influence: the average rating of the gray system was reduced from 4.383 to 3.572,
the blue system from 4.609 to 3.540, and the yellow system from 5.098 to 3.933, indicating
that changing the grayscale value could effectively stabilize the emotion. The comparison
between the different color systems showed that changing the grayscale value of the gray
system resulted in the least emotional fluctuation; the marginal average rating of the blue
system, with the grayscale changed, was closer to the median of 3.540, indicating that the
blue system with a lowered grayscale value was more stabilizing; the effect of the yellow
system with a lowered grayscale on emotion was accordingly weakened, but it was still
statistically significant. The following three aspects were further elaborated in accordance
with the results of the questionnaire content and findings of existing research [8,38,39].

colors
color3
colorl
color6
color2

color4

5.008

5.10
5.00 & »
2 g o>
%% . Yo
o 9 <
\P;‘ s
T3
4.00
3.00
D color] @ color2 @ color3 @ color4d color 5 color 6

Figure 6. Estimated marginal average of emotional responses.

3.2.1. Pleasing

Yellow received the highest rating in the happy/unhappy item with a mean of 5.298,
and no obvious difference was shown between the ratings of blue and gray. The average
ratings of the three colors with adjusted grayscale values were all within the range of 3.5-4,
and there was no significant difference between them. It was found that yellow had a role
to play in generating pleasurable emotions, and colors with lower grayscale values could
also make people enter into a pleasant state of mind. In the warm/cold item, the yellow
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system had a very significant warming effect, with a mean of 5.557. Even the warming
effect of the yellow system with a lower grayscale value was not substantially different
from that of the blue and gray systems. However, the blue and gray systems with lower
grayscale values had a negative effect in this respect, and the mean was lower than the
median of 3.5.

3.2.2. Evoking

In the vivid /lackluster item, the yellow system still received the highest average rating,
followed by the blue system—there was a moderate difference between the two—and the
rest of the colors had a weak wake-up effect. The average ratings of dark blue and dark gray
were both lower than the median of 3.5, indicating that they were counterproductive to emo-
tional evocation. It was the same with the results of the stimulating/non-stimulating item.
These results demonstrated that yellow and blue systems had arousing and stimulating
effects on emotions, while other colors were rather weak or even negative in this respect.

3.2.3. Calming

When it comes to the calm/restless item, the gray, blue, and yellow systems were
slightly different from each other, with gray receiving the highest average rating, followed
by blue. This shows that color systems with lower grayscale values had a moderately
calming effect on people’s emotions, especially the gray one. The emotional influence of
the three color systems after changing the grayscale values was relatively weak, and there
was no obvious difference between them. In the peaceful /unpeaceful item, the ratings of
the gray and yellow systems were close to the average, followed by blue, indicating that
gray and blue were more placating than yellow. With the grayscale values changed, the
ratings of the three color systems were similar to the results of the previous item, and their
emotional influence was relatively weak.

In a word, the three colors with lower grayscale values had a higher influence on
emotions than the three colors with higher grayscale values.

3.3. Impact of Demographic Variables on the Results
3.3.1. The Effect of Gender on the Results

From the results of the six sets of experiments, it can be seen that there were differences
between the responses of male and female participants to the six virtual hotel rooms
respectively decorated in the color schemes of gray, blue, yellow, dark gray, dark blue, and
dark yellow (Figures 7 and 8). The results of “one-way ANOVA" analysis (Table 7) showed
that there was no gender difference in the participants’ responses to the gray, blue, and
yellow systems, with the mere exception of the calm/restless rating of the yellow system,
but the means of the male participants’ ratings of all items were higher than those of the
female participants, which means that males were more positive towards each of the color
schemes than females. When it came to the hotel interior color design, the yellow system,
whether its grayscale value was changed or not, could bring greater emotional pleasure
to both male and female subjects than the other color schemes. In terms of the strength of
emotional impact, the three basic color systems followed the order of: yellow > blue > gray.
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Figure 7. The influence of gender on color perception.
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Figure 8. Gender differences in emotional perception of color.
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Table 7. Perception of different gender groups of the color of hotel indoor environment.
Happy/Unhappy Warm/Cold Vivid/Lackluster Stimulating/Non-Stimulating Calm/Restless Peaceful/Unpeaceful
BG WG Sum BG WG Sum BG Sum BG G Sum BG Sum BG WG Sum
3.454 157.767 161.221 5.023 175.352 180.375 6.600 177.554 184.154 3.712 165.124 168.837 0.452 175.077 175.529 1.784 167.053 168.837 SS
3.454 1.547 5.023 1.719 6.600 1.741 3.712 1.619 0.452 1716 1.784 1.638 103 MS Gray Virtual Room
2.233 2.922 3.791 2.293 0.264 1.089 F y
0.138 0.090 0.054 0.133 0.609 0.299 Sig.
3.384 202.145 205.529 5.545 154.445 159.990 4.771 155.757 160.529 1.452 155.933 157.385 1.212 202.317 203.529 0.817 180.712 181.53 S!
3.384 1.982 5.545 1.514 4.771 1.527 1.452 1.529 1.212 1.984 0.817 1.772 MS Gray Virtual Room
1.708 3.662 3.125 0.950 0.611 0.461 F (Grayscale Increase)
0.194 0.058 0.080 0.332 0.436 0.499 Sig.
3.260 121.269 124.529 3.800 149.113 152913 5.186 132.161 137.346 2.557 136.828 139.385 2.593 141.522 144.115 4171 150.714 154.885 St
3.260 1.189 3.800 1.462 5.186 1.296 2.557 1.341 2.593 1.387 4171 1.478 MsS X
2.742 2.600 4.002 1.906 1.869 2.823 F Blue Virtual Room
0.101 0.110 0.048 0.170 0.175 0.096 Sig.
2.200 148.636 150.837 4.025 153.196 157.221 1.288 172.472 173.760 3.044 160.869 163.913 0.352 161.408 161.760 0.440 176.445 176.885 S!
2.200 1.457 4.025 1.502 1.288 1.691 3.044 1.577 0.352 1.582 0.440 1.730 MS Blue Virtual Room
1510 2.680 0.762 1.930 0.222 0.254 F (Grayscale Increase)
0.222 0.105 0.385 0.168 0.638 0.615 Sig.
0.967 88.793 89.760 0.890 90.764 91.654 0.627 104.411 105.038 0.982 126.855 127.837 9.962 129.077 139.038 6.150 139.379 145.529 St
0.967 0.871 0.890 0.890 0.627 1.024 0.982 1.244 9.962 1.265 6.150 1.366 MS .
1111 1.000 0.613 0.789 7.872 4.501 F Yellow Virtual Room
0.294 0.320 0.436 0.376 0.006 0.036 Sig.
2.349 184.487 186.837 1.729 178.387 180.115 1.992 166.537 168.529 2.084 168.031 170.115 0.228 180.387 180.615 0.673 167.856 168.529 S!
2.349 1.809 1.729 1.749 1.992 1.633 2.084 1.647 0.228 1.769 0.673 1.646 Ms Yellow Virtual Room
1.299 0.988 1.220 1.265 0.129 0.409 F (Grayscale Increase)
0.257 0.322 0.272 0.263 0.720 0.524 Sig.
1 102 103 1 102 103 1 102 103 1 102 103 1 102 103 1 102 103 df All
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3.3.2. The Effect of Education on the Results

The results of “one-way ANOVA” analysis (Table 8) suggested that there was no
significant difference between the emotional responses of participants from different ed-
ucational backgrounds to the color systems of gray, blue, and yellow (p > 0.05), with
the only exception of the stimulating/non-stimulating rating of the gray system, which
indicated that education level was not a factor that had an effect on people’s emotional
responses to different color schemes. Although the stimulating /non-stimulating rating
of the gray system was significantly higher than that of the others (p = 0.03 < 0.05), it can
be drawn from multiple sets of data that this set of data was not representative, and its
significance belonged to a small probability event. Thus, it can be concluded that the color
effect on emotional experience of hotel internal environment was generally independent
of educational background when the grayscale values were not changed. Nonetheless,
when the grayscale values of the above three color systems were adjusted, the change of
the participants’” emotional responses was dependent on their educational backgrounds
(p < 0.05), with the only exception being the dark blue color scheme, which was also an
event of small probability, indicating that education had a significant effect on people’s
emotional perception of the grayscale of different colors.

3.3.3. The Effect of Age on the Results

As shown in Table 9, there was no significant difference between the emotional re-
sponses to the gray system of participants of all age groups (p > 0.05), which means that
age had no significant effect on the emotional perception of the gray system. No significant
difference was shown in their emotional responses to the dark gray color scheme, except for
the vivid/lackluster and stimulating/non-stimulating ratings. As verified by multiple sets
of data, the p values showed that the ratings of these two items were also small probability
events, indicating that age had no significant effect on the emotional perception of dark gray.
No statistically significant difference was shown between different age groups” emotional
responses to blue and dark blue (p > 0.05 in), indicating that age had no significant effect on
the emotional perception of these two color schemes. Notably, this was not the case with
yellow and dark yellow. While the p values of different age groups” emotional responses to
yellow were all above 0.05, indicating that age had no significant effect on the emotional
perception of this color system, the overall p value of their responses to dark yellow was
below 0.05, indicating that age had a significant impact on the emotional perception of
the color with an adjusted grayscale value. To sum up, it can be generally argued that the
emotional effect of different color schemes is not affected by age, with the exception of
dark yellow.
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Table 8. Perception of different educational groups of the color of hotel internal environment.

Happy/Unhappy Warm/Cold Vivid/Lackluster Stimulating/Non-Stimulating Calm/Restless Peaceful/Unpeaceful
G WG Sum BG WG Sum BG Sum BG WG Sum BG Sum BG WG Sum

6.02 155.2 161.22 3.12 177.25 180.38 5.73 178.42 184.15 9.55 159.29 168.84 10.92 164.61 175.53 2.23 166.6 168.84 SS

0.86 1.62 0.45 1.85 0.82 1.86 1.36 1.66 1.56 1.71 0.32 1.74 MS .

0.53 024 0.44 0.82 091 0.18 F Gray Virtual Room
0.81 0.97 0.87 0.57 0.5 0.99 Sig.
23.45 182.08 205.53 17.29 142.7 159.99 24.62 135.91 160.53 24.6 132.79 157.38 12.5 191.03 203.53 20.19 161.33 181.53 S

3.35 1.9 247 1.49 3.52 1.42 3.51 1.38 1.79 1.99 2.88 1.68 MS Gray Virtual Room
1.77 1.66 248 2.54 0.9 1.72 F (Grayscale Increase)

0.1 0.13 0.02 0.02 0.51 0.11 Sig.
10.64 113.89 124.53 17.35 135.57 15291 492 132.43 137.35 6.72 132.66 139.38 8.04 136.08 144.12 7.37 147.51 154.88 S

1.52 1.19 248 1.41 0.7 1.38 0.96 1.38 1.15 1.42 1.05 154 MS .

128 175 0.51 0.69 0.81 0.69 F Blue Virtual Room
0.27 0.11 0.83 0.68 0.58 0.68 Sig.

9.46 141.37 150.84 10.34 146.88 157.22 11.15 162.61 173.76 13.15 150.76 163.91 13.02 148.74 161.76 16.85 160.03 176.88 S

1.35 147 1.48 1.53 1.59 1.69 1.88 1.57 1.86 1.55 241 1.67 MS Blue Virtual Room
0.92 0.97 0.94 1.2 1.2 1.44 F (Grayscale Increase)

0.5 0.46 0.48 0.31 0.31 0.2 Sig.

4.24 85.52 89.76 443 87.23 91.65 414 100.9 105.04 10.87 116.97 127.84 11.95 127.08 139.04 13.78 131.75 145.53 St

0.61 0.89 0.63 0.91 0.59 1.05 1.55 1.22 1.71 1.32 1.97 1.37 MS )

0.68 0.7 0.56 127 1.29 143 F Yellow Virtual Room
0.69 0.68 0.78 0.27 0.26 0.2 Sig.
34.24 152.59 186.84 30.01 150.11 180.12 20.38 148.15 168.53 24.93 145.19 170.12 25.85 154.76 180.62 19.45 149.08 168.53 S

4.89 1.59 4.29 1.56 291 1.54 3.56 1.51 3.69 1.61 2.78 1.55 MS Yellow Virtual Room
3.08 2.74 1.89 2.35 2.29 1.79 F (Grayscale Increase)
0.01 0.01 0.08 0.03 0.03 0.1 Sig.

7 96 103 7 96 103 7 96 103 7 96 103 7 96 103 7 96 103 df All
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Table 9. Perception of different age groups of the color of hotel internal environment.

Happy/Unhappy Warm/Cold Vivid/Lackluster Stimulating/Non-Stimulating Calm/Restless Peaceful/Unpeaceful
G WG Sum BG WG Sum BG Sum BG G Sum Sum BG WG Sum
6.94 154.29 161.22 6.05 174.33 180.38 11.54 172.61 184.15 14.15 154.68 168.84 7.07 168.46 175.53 5.61 163.22 168.84 SS
2.31 1.54 2.02 1.74 3.85 1.73 4.72 1.55 2.36 1.68 1.87 1.63 MS .
15 116 223 3.05 14 115 F Gray Virtual Room
0.22 0.33 0.09 0.03 0.25 0.33 Sig.
37.63 167.89 205.53 26.9 133.09 159.99 32.87 127.66 160.53 20.56 136.83 157.38 19.32 184.21 203.53 16.44 165.09 181.53 S
12.54 1.68 8.97 1.33 10.96 1.28 6.85 1.37 6.44 1.84 5.48 1.65 MS Gray Virtual Room
747 6.74 8.58 5.01 35 3.32 F (Grayscale Increase)
0 0 0 0 0.02 0.02 Sig.
4.05 120.48 124.53 1.59 151.32 15291 2.78 134.56 137.35 211 137.27 139.38 5.56 138.55 144.12 0.37 154.52 154.88 S
1.35 1.2 0.53 1.51 0.93 1.35 0.7 1.37 1.85 1.39 0.12 1.55 MS .
112 0.35 0.69 0.51 1.34 0.08 F Blue Virtual Room
0.34 0.79 0.56 0.67 0.27 0.97 Sig.
13.94 136.89 150.84 8.73 148.49 157.22 5.95 167.81 173.76 7.6 156.31 163.91 10.61 151.15 161.76 9.23 167.65 176.88 S
4.65 1.37 291 1.48 1.98 1.68 2.53 1.56 3.54 1.51 3.08 1.68 MS Blue Virtual Room
3.39 1.96 1.18 1.62 2.34 1.84 F (Grayscale Increase)
0.02 0.12 0.32 0.19 0.08 0.15 Sig.
043 89.33 89.76 0.95 90.7 91.65 0.56 104.48 105.04 2.33 125.51 127.84 10.97 128.07 139.04 6.01 139.52 145.53 St
0.14 0.89 0.32 0.91 0.19 1.04 0.78 1.26 3.66 1.28 2 14 MS )
016 035 018 0.62 2.86 1.44 F Yellow Virtual Room
0.92 0.79 0.91 0.6 0.04 0.24 Sig.
39.06 147.78 186.84 21.05 159.07 180.12 24.95 143.57 168.53 25.87 144.24 170.12 26.04 154.57 180.62 15.93 152.6 168.53 S
13.02 1.48 7.02 1.59 8.32 1.44 8.62 1.44 8.68 1.55 5.31 1.53 MS Yellow Virtual Room
8.81 441 5.79 5.98 5.62 3.48 F (Grayscale Increase)
0 0.01 0 0 0 0.02 Sig.
3 100 103 3 100 103 3 100 103 3 100 103 3 100 103 3 100 103 df All
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4. Discussion
4.1. Theoretical Contributions

This study is both linked to and different from existing research, such as the studies
by Bilal et al. [8] and Kim et al. [40]. In Bilal et al.’s study, the color of the bedding was
changed, while the color of the walls was fixed, and it was concluded that the subjects
preferred yellow and blue to gray. In Kim et al.’s study, only the color of the walls in the
room was changed, and the color of the bedding remained constant, and it was found that
the subjects preferred brighter colors. This study, however, is a progression of these studies
by changing not only the color of the walls in the room, but also the color of the bedding.

Color psychologists believe that yellow can activate thinking but will cause emotional
instability; and that blue can eliminate tension, reduce the pulse rate and calm the mood.
People have less emotional fluctuations in a non-colored environment, and it is difficult-
to-produce pleasant feelings through color design. The conclusions of this study are
supportive of the basic theory of color psychology and are in agreement with the findings
of Yildirim et al. [12]. Other studies also suggest that blue is the most popular color [41,42],
and Marco et al.’s research even shows that yellow is one of the most unpopular colors for
college students [43].

Labkin, a famous color scientist from the former Soviet Union, found that the colors in
the middle of the spectrum, that is, light yellow, light green, light blue, white, etc., cause
the least fatigue to the eyes [44]. From the perspective of color psychology, bright colors
will bring people a positive and energetic feeling, while dark colors will bring people a
sense of heaviness and depression. In short, this study confirms that bright light colors are
more popular, which is consistent with existing research [43,45].

The combination of synergistic colors will increase the sense of light and shade and
regularity and give people a sense of the beauty of order. The emotional impact of such color
schemes is milder than the combination of contrasting colors, and it is the most conservative
and safe method to use synergistic colors in interior color design [46]. Yildirim et al. believe
that changing the spatial characteristics (such as furniture and decoration) of an indoor
environment where the color remains the same will also lead to the change of emotional
responses [12]. In comparison, this study explores people’s preferences of different schemes
of color combination in an indoor environment where the spatial characteristics remain
unchanged and is an endeavor to expand the scope of research in this direction.

4.2. Innovations of Research Design

Although the emotional influence of color shades on hotel guests has been dealt with
in some previous studies [43], this study has pushed the boundary of this line of research
by introducing the variable of grayscale. In most existing studies, only gender has been
utilized to distinguish groups of respondents. This study, however, differs from previous
studies by introducing the previously ignored variables of age and educational background
and offering new insights into the potential influence of age and education on the emotional
experiences of different color schemes. In addition, this study added color blindness and
weakness tests to the experimental design and hence avoided errors caused by color-blind
subjects. In order to make customers have a good accommodation experience, it is common
practice that a stable, gentle, and homelike environment be created to soothe their nerves
and guarantee a good night’s sleep. In light of this practice, the indoor environment of the
virtual hotel room built in the current study is decorated with more high-end items so as to
simulate an emotional experience that is better than feeling at home. Overall, this study
created a fine-grained virtual hotel internal environment and has convincingly validated
numerous basic theories of color psychology.

Despite the dominant effect of the main interior color, this study innovatively pre-
sented to the participants virtual hotel rooms decorated with a range of color combination
schemes, including the combination of synergistic colors, contrasting colors, and 90° colors,
and found that the combination of synergistic colors was preferable over that of all others,
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which gives further evidence to clarify the emotional effect of different color schemes in an
indoor environment where the dominant color remains unchanged.

4.3. Limitations and Future Directions

Considering that prolonged experimental processes and questionnaires may cause
respondents to lose patience, only three color systems were selected in the current study
to minimize the duration of the experiment and the questionnaire and to reduce fatigue-
induced errors. It is advisable for future research to take more colors into account through
innovative research design. Marco et al. [43] stretched the timespan of their study and
recorded respondents’ overall perceptions of interior color designs longitudinally over
a year. Such a design may be recommendable for practitioners in the field of long-term
rentals (such as timeshares), but it should be noted that respondents may develop at-
tachments to the environment in which they have lived for a year [47,48] and hence give
biased responses.

This study was based on a largely homogeneous cultural background, and most
of the subjects were young and middle-aged. The researchers believed that although a
multicultural background might help yield results with higher generalizability, there would
be an overwhelming number of experimental variables, and consequently the researchers
would be deterred from progressing the research agenda. However, we suggest that
participants from multicultural backgrounds be recruited in future research so as to identify
the similarities and differences across different cultures in the emotional experience of hotel
internal environment colors.

To better control the experimental variables and ensure the accuracy of the results, this
study fixed the lighting conditions and did not involve the discussion of the emotional effect
of lighting. In future research, lighting can be added as a variable. Jingyi et al. examined
the effect of different lights and concluded that limited light has a negative emotional
effect on elderly subjects [49]. Natural light, or artificial light that is close to natural light,
can be pleasant, reduce fatigue, and improve sleep [50,51]. Therefore, different lighting
environments may also have an emotional impact. Future research can also take materials
and texture into consideration, because the color of materials is a key factor in interior
design or architectural design. Kim et al. mentioned that different indoor building materials
have different degrees of reflection, which can affect people’s emotional experience of the
color scheme in an indoor environment [52].

This study merely focused on the subjective evaluations of the participants, so the
data collected comprised the participants” emotional responses to different color schemes.
Yilin et al. used eye-tracking glasses to record the subjects’ eye movements as affected by
the lighting environment and simultaneously applied E-Prime 3.0 tools to obtain subjects’
psychological reactions [53]. We suggest that behavioral data and psychological data be
collected to triangulate participants’ subjective evaluations in future research.

5. Conclusions and Suggestions
5.1. Conclusions

This study set out to investigate how hotel rooms decorated with different color
schemes affect customers” emotional experiences through experiments and questionnaires,
and the answers to the four research questions can be summarized as follows:

1.  Without changing the grayscale value, the three color systems of yellow, blue, and gray
all have impacts on customers” emotional responses, and males give more positive
emotional responses than females, which is consistent with the results of existing
studies [25,26]. Yellow rooms evoke more positive emotions than blue and gray rooms.
The yellow system has obvious advantages in creating pleasure and arousing senses
and produces the greatest emotional fluctuations; the gray system has a prominently
calming effect and causes less emotional fluctuations, and the blue system is relatively
neutral. Warm colors can bring people a higher sense of pleasure and arousal, while
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cool colors make people calmer and more peaceful [45], which is in agreement with
the findings of existing research [8].

2. Light colors cause more pronounced mood changes in customers, as opposed to dark
colors; room colors that are less gray are more preferable. When the grayscale value
is increased (i.e., the color becomes darker), all three color systems are not only less
likely to bring positive emotions to customers but also more likely to weaken arousal
and to stimulate “cold” and “uneasy” emotions, etc.

3. Compared with hotels rooms decorated with contrasting colors, customers prefer
hotel rooms that are decorated with synergistic colors.

4. In general, there is no significant difference in the color preferences of different age
groups, but in the case of the yellow-colored room, if the grayscale value is increased,
different age groups may have different emotional responses. Respondents under the
age of 49 had slightly more negative emotional responses to the high grayscale yellow
rooms, and there was no obvious emotional bias among them. However, the group
aged 35 to 39 might be an exception, as they obviously gave more positive emotional
responses. Respondents aged 50 to 59 also had significantly more positive emotional
reactions. Due to the limited number of samples, this study did not collect sufficient
data concerning customers” emotional responses to high grayscale yellow rooms, but
it could be tentatively concluded that there could be a positive correlation between
age and positive emotional experience as the participants under the age of 24 were
not satisfied with the high grayscale yellow indoor environment.

Educational background does not have an obvious impact on the emotional experience
of blue rooms, but for gray and yellow rooms with higher grayscale values, the emotional
responses of different educational groups are different. This study found that the partic-
ipants” emotional responses to these two high grayscale color systems gradually shifted
from positive to negative with the improvement of educational background. Considering
that the majority of the subjects were college students and under the age of 24, it would be
questionable to claim a definite connection between age and educational background, but
those dissatisfied with the high grayscale yellow color were all undergraduates/college
graduates or above and under the age of 24.

5.2. Suggestions
Taken together, the findings of this study have a number of implications.

1. Light colors with lower grayscale values are preferable over other colors in hotel
interior color design.

2. Color psychologists believe that the combination of more than three main colors in a
room will stimulate optic nerves and easily cause excitement and insomnia. Therefore,
it is suggested that synergistic colors be of primary consideration in hotel interior
color design.

Specifically, different types of hotels need to apply different color schemes. Hotel
image is an important factor affecting customer expectations [54]. Yaoqi et al. introduced
hotel image perception as an intermediary variable between decoration style and customer
purchase intention [55] and found that the hotel image will affect customers’ evaluations
and expectations of room decoration. In that light, the following recommendations are
put forward:

1.  Hotels with social attributes, such as social hotels, youth hostels, home-stays, and
inns should choose yellow as a pleasant color.

2. For budget hotels that focus on sleep, it is suggested to use blue as the primary color
for hotel indoor environments.

3. High-end luxury hotels and designed hotels can choose gray as the main color for hotel
indoor environments to create an ambiance of elegance, tranquility, and profundity
for customers.
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