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Abstract: Blind consumption discovered in the real application of flooring does not produce the
visually anticipated impression, leading to additional time costs and stone flooring waste. Consumers
cannot clearly articulate their visual imaging needs when purchasing stone flooring. Due to con-
sumers’ lack of understanding of the visual imagery style of decorative stone flooring, manufacturers
are unable to produce more visual styles of stone flooring in response to consumer demand, which
leads to an unorganized production process and the wasting of stone resources. Additionally, man-
ufacturers are unable to receive feedback on market demand, which makes communication links
between sales teams difficult. A total of 40 adjectives were considered the most appropriate in a pool
of 110 adjectives for the visual imagery evaluation of stone after ten interior design professionals with
experience in decorative stone applications had narrowed the selection. Following this, a general
consumer semantic difference method questionnaire survey and questionnaire data factor analysis
statistics were used to create 10 sets of visual imagery adjectives for marble flooring, which were
then divided into 10 different types of marble flooring. Following the computer simulation drawing
with the 10 groups of visual imagery adjectives design questionnaire, the consumers completed the
visual imagery evaluation questionnaire survey. They received a 304-question valid questionnaire,
and using the triangular fuzzy number operation in fuzzy theory, they arrived at 10 marble floors in
the visual imagery evaluation score. In order to clarify the current consumer demand for stone floor
imagery, the high sales volume of stone flooring on the market for visual style division, which can
guide consumers according to their visual needs for an efficient choice, can enhance the efficiency
of communication between consumers and sellers. It can also help enterprises clarify the market
consumer demand for orderly production to achieve the purpose of green consumption and to ensure
the sustainable development of the decorative stone flooring market.
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1. Introduction and Background

In order to meet the enormous market demand for decorative stone, decorative stone
production companies have been increasing production volumes blindly, which has wors-
ened the situation with stone waste, stone quality decline, stone defects and cracks, etc.
In the mining process, 60% to 70% of the stone is wasted, and some of the waste is also
accounted for because the quarried marble pattern cannot satisfy the market demand
for decoration. The producers lowered the price to increase sales due to the disordered
manufacturing, which led to severe competition in the marble market, creating a perverse
style of selling marble. In addition, there are issues with resource waste and environmental
degradation throughout the marble mining process.

Although consumers’ opinions on the value of the feelings generated by the marble
and the designer differ, these feelings will affect consumers’ design preferences to judge
the standard; the consumers and designers with the same objective of choosing marble will
help both sides. For designers and consumers in the docking interior design, designers
can use the stone’s shape, color, and material to meet the design needs of consumers
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and explain the design concept. The standardization of green consumption in the market
should be improved in order to promote consumption efficiency while reducing resource
waste at the same time that consumer awareness of environmental protection has grown
and the demand for green services has increased [1]. The purpose of this study is to
examine consumer demand for visual representations of ornamental stone flooring and
to promote green flooring production and consumption. Then, it becomes difficult to
effectively choose the right marble flooring products for their own needs, often causing
consumer distress. Using objective research on different stone flooring and different visual
psychological feelings of people, research, and analysis to explore the visual imagery in
the consumer evaluation of this material, will help close the gap between designers and
consumers on the perception of stone flooring materials, and enhance the sustainability of
stone flooring consumption.

In order to accomplish the sustainability of the mining environment, several studies
have begun by enhancing the production process for stone flooring and lowering the
production of stone waste stones [2]. No scholars have begun their research from a green
consumer perspective, looking at the consumer visual imagery evaluation of clear marble
color and texture style to meet the market consumer choice and improve market sales.
There is some research from the stone texture classification perspective that examines the
quality of marble texture, improves the quality of stone production, meets consumer marble
preferences, and improves the sustainability of market sales.

2. Literature Review

Consumers’ own values—which encompass four facets: functional, perceptual, social,
and emotional values—have an impact on the choices they make. According to several
studies, those who are more concerned with social effects and social responsibility are
more inclined to support sustainable development and purchase environmentally friendly
items [3]. Young people’s environmental awareness and their ability to embrace digital
lifestyles are the key drivers of green consumption [4]. These values can be further broad-
ened into environmental, ethical, and health values in the context of green consumption [5].
Although customers are aware of the advantages of green products for the environment and
their health, there is some hesitancy and ambiguity when it comes to making a purchase [6].
On the other hand, consumer purchase behavior is primarily influenced by environmental
beliefs, environmental education, and family factors [7]. Consumer green consumption
behavior has emerged as a key component of marketing research because it is primarily
motivated by consumers’ desires to protect the environment and achieve harmony between
humans and nature. Green consumption is crucial to the operations of business and produc-
tion units, and it may be encouraged through increasing environmental awareness among
consumers as well as the pursuit of environmental protection during the consumption
process [8,9]. Therefore, stone flooring production and sales should be tailored to consumer
consumption needs in order to ensure that sustainable production and consumption are
mutually reinforcing [10]. This will help to better balance and coordinate consumption and
production. Green design must be incorporated into the production of stone decorative
flooring under the direction of sustainable development, starting with the clarification of
the real needs in order to support the sustainability of the subsequent links, achieving
efficient resource and energy use, and lessening the environmental impact [11]. The green
consumption idea, environmental awareness feedback to customers so that customers can
accept the green consumption concept designed under the beautiful stone flooring, can
produce positive guidance on the attitude and subjective norms of customers regarding
green consumption products [12]. When ecologically friendly ornamental stone flooring is
produced, consumers may become more aware of the need for environmental protection
and may even demand it [13]. As a result, they may choose to make more environmentally
responsible purchases.

Scholars have given the study of sustainability in the stone industry more consid-
eration. Robichaud et al. suggested incorporating the idea of sustainability into the
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manufacture and use of construction materials such as ornamental stone [14]. According
to Luodes et al., the exploitation of waste rock can lead to sustainable usage of the mate-
rial [15]. Remanufactured goods, according to Abbey et al., have a wide market potential
and significant economic and environmental benefits in the closed-loop supply chain of
consumer goods. They can conserve resources, cut costs, boost profits, and decrease waste
production and environmental pollution, all of which have significant environmental and
sustainable development implications [16]. According to Rebello et al., recycling decorative
stone waste through processing is a resource-saving and sustainable way to lessen the
impact on the environment [17,18]. Remanufactured products in the market feedback
research show that they are more acceptable to consumers with high ambiguity tolerance;
if manufacturers can strengthen the quality control and certification of remanufactured
products, they can be recognized by green consumers [19,20]. Green consumers frequently
favor natural building materials in architectural design. Man-made materials can pro-
vide users with the same visual experience as natural materials [21], and can also lower
production, operation, and maintenance costs, as well as reduce carbon emissions while
promoting environmental sustainability [22-24]. This is due to a shared orientation towards
sustainability and the scarcity of natural resources. In the same way that new technologies
can increase the efficiency of energy use to achieve environmentally sustainable production
processes, it is proposed that the use of ultrafast laser surface technology in the process of
processing stone can prevent environmental pollution issues such as wastewater, waste
rock, and harmful chemical waste [25,26]. In order to advance environmental technology
planning, Ikram M. et al. proposed a new hybrid decision model that integrates qualitative
and quantitative analysis techniques as well as the requirements, advantages, costs, and
risks of technology development for various stakeholders. This model is intended to assist
decision makers in making more thorough and scientific decisions in green technology
planning [27]. The fundamental idea behind encouraging green consumption is to protect
the safety and attractiveness of the things people buy. This experimental model can be
used to test the safety of different stones. There is an experimental model that proves the
difference in the quantity of radioactive elements in the sample granite and the overall
compliance with the requirements of the use of ornamental stone [28].

Through the aforementioned study, we have gained insight into how many experts
and academics take into account green behavior and sustainability from production, mate-
rial, and process perspectives, with the goal of minimizing environmental damage from
production and conserving marble resources. The research findings offer theoretical sup-
port and feasibility analysis for production improvement of businesses. However, the
high cost of technological advancements such as equipment replacement does not clearly
define consumer preferences, and regulatory constraints may prevent their adoption [29].
Through research, it was discovered that there were no scholars at the consumer level to
guide the green consumption of decorative stone research, which is very important for
study. This means that manufacturers’ efforts to tackle the issue of their manufacturers’
chaotic production are ineffective. According to a preliminary study, consumers of marble
flooring make their decisions mostly based on their own personal perceptions of marble
flooring’s color, texture, and degree of roughness, as well as their needs for clear consumer
visual images and feedback on demand for manufacturing, sales, and other factors. Contin-
uously optimizing and upgrading according to market changes, strengthening the support
and assistance among relevant stakeholders, and realizing the business exchange model
are important for promoting sustainable development and environmental protection [30],
as well as promoting the green consumption of marble flooring.

3. Visual Imagery Evaluation Methods

Imagery is a mental representation that imitates actual sensory experiences; for in-
stance, humans may visualize the appearance, color, and texture of an apple. The emulation
of non-sensory information, such as emotion, context, and memory, can also occur in im-
agery. The emulation of sensory information includes visual, aural, and tactile information.
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Imagery’s qualities include steadiness, accuracy, and detail [31]. Through the input of hu-
man behavioral perception and aesthetic and perceptual output, the cognition of materials
transforms into a process of emotional imagery. According to Peng Mingling, imagery is
the depiction of things that do not yet exist and that have distinct perceptual properties. It
represents the output of certain objects and events to the outside world. According to the
many ways to stimulate people and the various sensory channels, imagery is divided into
visual imagery, auditory imagery, tactile imagery, gustatory imagery, olfactory imagery,
and motor imagery. Because visual imagery plays such a significant role in daily living,
it is typically the primary focus of research when imagery is studied in psychology [32].
According to the experimental findings on preferred imagery, 97% of participants pre-
ferred visual imagery, 93% preferred auditory imagery, 74% preferred motor imagery, and
70% preferred tactile imagery. A total of 67% favor savory imagery and 66% preferred
smell-based visuals [33].

Stone color, texture, and other design elements can influence the space atmosphere,
visual effects, and the way the human eye perceives directionality. They depend on how
the stone is arranged, the space atmosphere it creates, and the material texture direction,
which affects the optical illusion of space size [34]. Nakamura et al. evaluated the visual
impression of texture patterns at the borders of various printed pictures using sensory
evaluation [35]. Stone, as a part of urban building materials, can have a profound emo-
tional, sensory, and affective impact due to its sound, tactile, and visual qualities [36]. The
process of a consumer choosing stone flooring is actually the process of their brain con-
sciousness extracting and summarizing the qualities of marble, followed by their conscious
preference to actively match the sample characteristics they have extracted to complete
their selection of decorative stone flooring. Using binary space division, Gongalves et al.
developed a hierarchical neuro-fuzzy classification approach for classifying macroscopic
rock textures [37]. The images can be transformed to HSV color space, a small number of
representative colors are quantified, and texture characteristics are retrieved based on the
uniform pattern of rotated RLBP (rotated local binary pattern) [38]. Lepisto et al. used a
non-uniform texture image, partitioned into several regions of the texture features derived
by the co-occurrence matrix, to distinguish the rock texture as a color parameter [39]. It
has been noted that using different scales of the RGB and HIS color spaces, and Gaussian
filtering of the color channels of images to obtain low-dimensional feature vectors, can
improve the accuracy of stone classification. The accuracy of extracted features influences
the accuracy of feature extraction [40]. A fuzzy model technique based on perceived texture
can reflect the imprecision associated with texture attributes and achieve the selection of
the most suitable computational metric for each attribute since there is a certain bias in
the accuracy values [41]. Using a grayscale co-occurrence matrix, Haralick et al. present
an alternative approach for classifying stone textures. They describe the computation
process and feature extraction method in depth and suggest an updated method to increase
the method’s accuracy and stability. In addition, the essay describes how to identify the
retrieved texture characteristics using classifiers such as SVM. Experiments are used, in
the article, to demonstrate the method’s efficacy and viability [42]. While there is some
novelty and viability in these studies’ use of various software and hardware tools for stone
texture categorization research, putting the application into actual usage is more expensive
and challenging. We think that to produce a feature classification approach that ignores
the application of the crowd, which is lacking in practical importance, the classification of
marble texture features must be based on customer demand.

Before extracting stone texture, image-processing algorithms can be used to extract
stone texture and color features, providing a quick and accurate way to evaluate the sample
image quality. The use of mathematical models can provide complex perceptual imagery to
visual data and clear intuition to feel the difference between the samples [43], Thomas et al.
summarize the features of texture images by developing a physiologically relevant compu-
tational model of texture perception combined with modulation mechanisms to detect the
brightness, orientation, spatial frequency, and color of texture images [44]. The brightness,
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grain direction, and color of the decorative stone samples will be adjusted to the best of
their ability in the following research study in order to lessen the subjective influence that
the samples’ presentation state has on the respondents. This method can accurately reflect
the overall characteristics of the samples. Semantics is used to provide people’s evalua-
tions of stone flooring images, and the evaluation dimension includes sensory, emotional,
and assessment dimensions [45]. Yan et al. used discriminant analysis, cluster analysis,
multidimensional scaling, and semantic differencing to study the material texture image
experiment, and established a digital model by neural network to accurately describe the
texture image and establish the quantitative relationship between objective parameters and
subjective perception of the material, taking plastic materials as an example [46]. This study,
which quantifies consumer impressions of materials, is applicable to other material studies.
The scholars Guo et al. point out that when evaluating for texture, the more adjectives there
are, the better the understanding of the characteristics of the texture [47]. Respondents are
able to more clearly understand the subjective imagery that the adjectives may relate to as
a result of the renaming of the imagery adjectives used in this study using the findings of
factor analysis research, which allows them to assess the adequacy of the sample.

The AHP-TOPSIS technique was employed by Ahmed et al. to identify the sorts of
stones that contribute to economic, environmental, and sustainable development. The
study’s findings revealed that stones that are ideal for use as building materials should
have superior usability, physical qualities, and decorative look [48]; we contend that this
research methodology places too much emphasis on theoretical application, whereas, in
reality, consumer behavior can clarify which stone has better physical characteristics and
aesthetic adornment. The surface roughness, color, and texture of marble samples can have
a significant impact on visual imagery studies [46]. Some studies have shown that surface
roughness will have an impact on color brightness, saturation, and hue changes; the greater
the stone’s surface roughness, the lower the stone’s color brightness; the smaller the stone’s
surface roughness, the greater the stone’s color brightness. Different surface treatment
methods will have a significant impact on the surface quality of marble, producing different
visual characteristics [49,50]. Additionally, when conducting research and analysis, different
lighting conditions in the space where the samples are displayed will affect how people
perceive the color of various marbles. As a result, when observing various marble samples,
you should do so in a setting with lighting that can reflect the slabs’ colors as accurately
as possible [51]. One study found that respondents’ perception of space received the
influence of material texture, and that the influence on material texture associations varied
by room size. The effects of subjectivity and ecology become more pronounced in larger
rooms [52]. Summarizing the aforementioned, we will select a somewhat bright room for
the interview process because it can effectively restore the color and texture of stone. In
order to evaluate the quality of wood flooring using color, texture, brightness, and other
indicators, Chen et al. developed an evaluation model based on fuzzy logic. The method
can more objectively evaluate the visual imagery of wood flooring, can take into account the
consumers’ subjective feelings, and can clearly display the texture style of wood flooring
to encourage effective green consumption [53]. To assist consumers in understanding
decorative stone styles, no prior research had merged visual imagery evaluation with
decorative stone.

4. Research Methodology
4.1. Research Processes

This study aims to investigate the visual imagery evaluation of various decorative
stone flooring, first gathering adjectives related to the semantics of the visual imagery
of stone, the collected adjectives set, through the interior designer to filter out the set
of 40 appropriate adjectives for describing marble flooring; then, the general consumer
semantic difference method questionnaire survey, the results of which are then statistically
analyzed using factor analysis. Figure 1 shows the flow chart of this study.
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Figure 1. Flowchart for research.

The study chose to interview domestic market sales of high-end decorative flooring
producers because of the broad variety of decorative stone flooring available. The top
10 marble flooring kinds, as determined by the turnover provided by the stone flooring
producers, are listed below. This research investigation included 10 different types of
decorative stone flooring as its sample.

With the aid of the 3ds Max software, 10 renamed decorative stone flooring visual
imagery evaluation adjectives, 10 different types of decorative stone flooring visual im-
agery evaluation questionnaire design surveys of consumers, and a questionnaire survey
simulation screen, Table 1 collected 10 different types of decorative stone flooring product
images (see Figure 2). The surveying activities are carried out to make sure that the hue
of the stone decorative flooring picture is normal and to carry out tasks in a comfortable
setting with good lighting. Following the examination of the utility value of each imagery
evaluation word and the visual imagery evaluation adjectives corresponding to the marble
species, the imagery evaluation questionnaire data are applied to fuzzy theory triangular
fuzzy number operations.

Table 1. The top 10 selling decorative stone flooring types.

Sort by Stone Types

French wood grain
Silver White Dragon
Guizhou wood grain
Black and White Root

Roman Travertine

Black gold pattern

Wood grain jade
Legend of the Star River
Snowflake White
Black crystal jade

S0 ®NUEWN R

Figure 2. Consumer survey on the assessment of the visual representations of decorative stone flooring.
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4.2. Factor Analysis

A multivariate statistical analysis technique known as factor analysis is used to isolate
factors or latent variables that are similar to a group of variables and then combine them
into fewer explainable factors. The main goal of factor analysis is to discover the inherent
structure in the data in order to better understand the data and infer the underlying reasons
behind the data. It is frequently used in areas such as data dimensionality reduction, data
compression, data visualization, and model building. These factors explain the common
variance of the original variables, thus reducing the number of original variables and
revealing the underlying structure among the variables [54].

In the social sciences, factor analysis is frequently used to describe relationships
between variables, and validating factor analysis confirms the degree of difference between
two factors [55]. The majority of the original data’s content can be retrieved thanks to factor
analysis, which can represent the original data with fewer vectors.

4.3. Fuzzy Logic

After L.A. Zadeh, a cybernetics specialist at the University of California, published
Fuzzy Sets in 1965, fuzzy mathematics was initially put forward as a new field of mathemat-
ics. According to Zadeh, there is ambiguity in people’s subjective thoughts and inferences
about how they perceive the objects around them, and that precision in real life is not
always perfect. Zadeh also suggested that using fuzzy logic appropriately will make it
convenient for people to assess the extent to which something is in their lives. This results
from the basic distinction between how the human brain and machines operate. Forcing a
conceptual delineation for a concept that is not rigorously bounded using the correct and
incorrect criteria would undoubtedly result in fallacies [56].

Binary logic (also known as true or false or two must select one) is an absolute thought
that abandoned the ambiguity of the object itself and the abstract predisposition of certain
extreme features in order to accomplish the goal of accuracy. In order to quantify fuzzy
ideas so that the subordination of the elements to the set is controlled to any value in the
range (0, 1), conclusions with a certain degree of precision can be formed from the data
while dealing with subjectively inaccurate non-quantitative fuzzy phenomena [57].

Fuzzy research techniques that are frequently employed in the semantic analysis
include the triangular fuzzy number, the trapezoidal fuzzy number, and the normal fuzzy
number, with the triangular fuzzy number being the most popular. Figure 3 shows a plot
of the trigonometric fuzzy number affiliation function.

( 0 ,x€[0,a] uw»ot
x—a,x €(a,b) 1
3 1 , x=b
c—x ,x € (b,c)
. 0 ,x€ [c, ] a b ¢ «x

v

Figure 3. Diagram of the affiliation function.

4.4. Triangular Fuzzy Numbers and Semantic Variables
Information on the affiliation function’s data possibilities in the triangle-shaped fuzzy
number formed by its coordinates. Suppose ¢; s a triangular fuzzy number in the affiliation

function u;(x), which is denoted as t = (t1, tp, t3), when t4, t, t3 are real numbers and
t1 < tp < t3, then this affiliation function can be expressed as in Figure 4 [58].
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Figure 4. The triangular fuzzy number affiliation function.

Semantic variables are employed as an evaluation approach to ascertain the relative
relevance of user needs and the ranking of product options, as indicated in Table 2 for the
seven levels, in order to assist consumers and associated practitioners in more easily and
accurately expressing their judgments: very low (VL), low (L), medium-low (ML), medium
(M), medium-high (MH), high (H), and very high (VH). Figure 5 shows a plot of the values
of the affiliation of the triangular fuzzy function. It enables users to subjectively assess the
diversity between various meanings of the research item. The relationship between the
possible features and semantic affiliation of the study item is described by the triangular
fuzzy numerical representation that corresponds to the semantic variables table.

Table 2. Semantic variables for importance and scoring.

Semantic Variables Triangular Fuzzy Values
Very Low (VL) (0,0,1)
Low (L) 0,1,3)
Medium-Low (ML) 1,3,5)
Medium (M) (3,5,7)
Medium-High (MH) (5,7,9)
High (H) (7,9,10)
Very High (VH) (9,10,10)
[} A
3
5]
o
bo
=1
-
w
o
[+}]
" |
g VL( L ML M MH H

1 2 3 45 6 7 8 910

Figure 5. Graph of the triangular fuzzy function affiliation values.

4.5. Total Utility Value

The affiliation function’s triangular fuzzy number can be defuzzified to become a
collection of precise values. The center of gravity approach, maximal subordination method,
maximizing set and minimizing set method, etc., are some of the ways frequently used to
solve fuzzy processing. The most popular techniques among them are the shrinking set
method and the maximizing set method. In this study, Chen (1985)’s maximizing set and
minimizing set method was used to calculate the triangular fuzzy numbers’ total utility
value by calculating their weights [59]. The n alternatives were then ranked, and the total
utility value of the fuzzy numbers was then calculated as follows:
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Suppose the triangular fuzzy number affiliation function has n triangular fuzzy num-

bers, which will be defined as ? =, tin, t3),i=1,2,...... , 1, so the minimum affiliation
function p¢(x) and the maximum affiliation function i, (x) can be derived as g and m,

respectively, then the total utility value is Ut (E) of the triangular fuzzy number ?i. The

formula is:

~\ [ (tiz — Xmin)/((Xmax — Xmin) + (t;3 — t;p)) +1 .
Ur (tl) o { —(Xmax — t;1)/((Xmax — Xmin) + (tp — t;1)) } /2, i=1,2 &

The study uses a questionnaire survey based on fuzzy semantic theory to understand
consumers’ evaluation of 10 different types of marble flooring visual imagery. The results
of the above fuzzy theory’s numerical formula are used to calculate the total utility value of
each evaluation of the visual imagery of each marble floor, and the values are then plotted
on a chart for 10 different types of stone flooring visual imagery’s comparative analysis.
The study’s conclusions can be provided in pros and cons.

4.6. Factor Analysis Result Renaming

As the primary resource for filtering image descriptors, this study looked at stone
decoration-related interior design periodicals (La Vie, ARCH, INTERIOR, etc.). After finally
extracting visual imagery adjectives appropriate for decorative stone floors, excluding
repeated low-frequency adjectives, compiling and summarizing the resulting 110 adjectives
(see Table 3), and using these 110 imagery adjectives as the questionnaire for this study, the
first quick experiment in extracting imagery adjectives was carried out.

Table 3. The 110 adjectives suitable for expressing decorative stone flooring imagery.

Solid
Unremarkable
Elegant
Rough

Highquality

Clean
Retro
Tender

Emotional
Open

Harmonized

Passionate
Economic
Pure
Adorable
Premium
Elegance
Sturdy

Innovative

Soft
Sedate

Relaxed

Shiny

Unconstrained Feasible Harmonious Refreshing Bright Fresh Familiar Grand
Poised Noble Gorgeous Fancy Original Stylish Expensive Popular
Graceful Fluent Extraordinary Mundane Durable Soft Striking Exquisite
Practical Interesting Beautiful Minimalist Luxury Simple Lavish Refined
Advanced Mild Refreshing Meticulous Rhythmic Layered Distinctive Ample
Stately Free Amiable Clarity Neat Generous Modern Classical
Fashion Traditional Decorated Confident Coordinated Variable Warm Heartwarming
Serene Mass Comfortable Stable Composed Stabilized ~ Substantial Fantastical
Rigid Romantic Blunt Concise Long-lasting quoth Lively Introverted
use solid
Silent Lyrical Rocking Mature Sentimental Rational Calm Resg}?al ;2 m
General Healthy Env1frrci)2rrlrt1;i;tally Natural Technology Rustic Vacationing Leisurely

The 110 imagery adjectives were turned into a questionnaire and identified by 10 highly
respected individuals with experience with ornamental stone in interior design. Five men
and five women, aged between 35 and 45, with extensive design experience were asked to
choose 40 to 50 adjectives from the list that best fit their individual expectations of the best
adjectives to describe the imagery of decorative stone flooring. The top 40 adjectives were
then determined using a collated count of the findings (see Table 4).

Table 4. The 40 high-frequency adjectives in the questionnaire.

Grand Durable Flash Feasible Bright
Modern Long-lasting use Expensive Practical Premium Elegance
Advanced Distinctive Clean Composed Emotional
Rigid Shiny Graceful High quality Classical
Decorated Variable Concise Natural Harmonious
Gorgeous Popular Elegant Exquisite Minimalist
Luxury Refreshing Sturdy Stately Generous

Substantial Original Pure Clarity Retro
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A total of 304 responses were obtained in the second stage of the questionnaire’s
administration, which used a five-point Likert scale (very low, low, medium-low, medium,
medium-high, high, and very high). Consumers who are shopping for ornamental stones
between the ages of 25 and 50 make up the target audience for the study, which takes the
form of questionnaire visits. The collected data from the 304 valid questionnaires were then
subjected to factor analysis.

The 40 adjectives with a discriminatory degree after the T-test evaluation are shown in
Table 5. The 40 indicators were subjected to first-factor analysis, as shown in Table 6, and
through the results of principal component analysis, the absolute value of factor loading
was taken. The data of the questionnaire survey results were analyzed by SPSS statistical
software for factor analysis. The second-factor analysis was carried out when there were
22 factors greater than 0.6, as can be seen in Table 6.

Table 5. Factor loading (extraction method: principal component analysis).

Initial Extraction Initial Extraction
Grand 1.000 0.609 Decorated 1.000 0.632
Durable 1.000 0.649 Variable 1.000 0.690
Flash 1.000 0.627 Concise 1.000 0.753
Feasible 1.000 0.660 Natural 1.000 0.538
Bright 1.000 0.525 Harmonious 1.000 0.662
Modern 1.000 0.579 Gorgeous 1.000 0.572
Long-lasting use 1.000 0.563 Popular 1.000 0.657
Expensive 1.000 0.559 Elegant 1.000 0.590
Practical 1.000 0.680 Exquisite 1.000 0.538
Premium Elegance 1.000 0.657 Minimalist 1.000 0.552
Advanced 1.000 0.699 Luxury 1.000 0.562
Distinctive 1.000 0.515 Refreshing 1.000 0.615
Clean 1.000 0.720 Sturdy 1.000 0.635
Composed 1.000 0.447 Stately 1.000 0.644
Emotional 1.000 0.598 Generous 1.000 0.576
Rigid 1.000 0.586 Substantial 1.000 0.604
Shiny 1.000 0.619 Original 1.000 0.553
Graceful 1.000 0.674 Pure 1.000 0.607
High quality 1.000 0.651 Clarity 1.000 0.626
Classical 1.000 0.501 Retro 1.000 0.595

Table 6. The 22 adjective factors with absolute value of factor loading greater than 0.6.

Initial Extraction Initial Extraction
Grand 1.000 0.609 Decorated 1.000 0.632
Durable 1.000 0.649 Variable 1.000 0.690
Flash 1.000 0.627 Concise 1.000 0.753
Feasible 1.000 0.660 Harmonious 1.000 0.662
Practical 1.000 0.680 Popular 1.000 0.657
Premium Elegance 1.000 0.657 Refreshing 1.000 0.615
Advanced 1.000 0.699 Sturdy 1.000 0.635
Clean 1.000 0.720 Stately 1.000 0.644
Shiny 1.000 0.619 Substantial 1.000 0.604
Graceful 1.000 0.674 Pure 1.000 0.607
High quality 1.000 0.651 Clarity 1.000 0.626

Table 7 displays the KMO and Bartlett test findings following the factor analysis. The
KMO value is 0.593, suggesting that the analysis information is appropriate.
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Table 7. KMO and Bartlett’s test.

KMO Sampling Suitability Quantity 0.763
Approximate cardinality 455.808
Bartlett’s sphericity test Degree of freedom 231
Significance 0.000

Table 8 displays the overall variation that is explained. According to the rotational
matrix, Table 7, there were 11 components with initial eigenvalues greater than 1 that
collectively explained 60.022% of the total variance. Each of the second-factor analysis’s
11 components was quite distinct and did not overlap any of the other components; as a
result, the second-factor analysis’s 22 adjectives’ 10 components were available.

Table 8. Total variance explained.

Ingredients Initial Eigenvalue Extraction of the Sum of Squares of Loads Sum of Squared Rotating Loads
Total Variance Cumulative % Total Variance Cumulative % Total Variance Cumulative %
Percentage Percentage Percentage
1 2.456 11.162 11.162 2.456 11.162 11.162 1.462 6.647 6.647
2 1.417 6.440 17.602 1.417 6.440 17.602 1.419 6.451 13.098
3 1.341 6.096 23.698 1.341 6.096 23.698 1.380 6.273 19.371
4 1.272 5.783 29.481 1.272 5.783 29.481 1.370 6.227 25.598
5 1.216 5.528 35.009 1.216 5.528 35.009 1311 5.958 31.556
6 1.185 5.385 40.394 1.185 5.385 40.394 1.300 5910 37.466
7 1.170 5316 45.711 1.170 5316 45.711 1.290 5.862 43.328
8 1.074 4.883 50.594 1.074 4.883 50.594 1.257 5.713 49.041
9 1.063 4.831 55.425 1.063 4.831 55.425 1.233 5.603 54.644
10 1.011 4.597 60.022 1.011 4.597 60.022 1.183 5.378 60.022
11 0.977 4.439 64.461
12 0.923 4.195 68.656
13 0.873 3.967 72.623
14 0.844 3.837 76.460
15 0.815 3.703 80.162
16 0.757 3.440 83.603
17 0.703 3.197 86.800
18 0.666 3.028 89.828
19 0.630 2.861 92.689
20 0.590 2.680 95.369
21 0.528 2.400 97.769
22 0.491 2.231 100.000
In this study, the first step is to obtain the adjective set for the evaluation of visual
imagery of wooden flooring. As a result, factor analysis was used to select, from a pool of
40 adjectives, 22 adjective clusters with a total of 10 factors. The next step is to rename the
factors using the appropriate adjective set characteristics in each factor cluster. The data
characteristics of the 22 factors are shown in Table 9. The results are displayed in Table 10.
Table 9. Component matrix after rotation.
1 2 3 4 5 6 7 8 9 10
Stately 0683 0018  —0.046  0.026 0216 0017  —0076  0.097 0.029 0.108
Durable 0.636 0.247 —0.073 0.136 —0.384 0.051 0.056 0.075 0.149 —0.034
Pure 0.588 —0.150 0.468 —0.072 0.070 0.139 —-0.026  —0.121 —-0.110  —0.063
Grand 0.034 0.810 0.069 —0.147 0.042 0.051 0.136 —0.066 0.148 0.086
Feasible 0084 ~ 0562 —0006 0342  —0201 008  —0357 0264  —0.098  0.002
Practical 0.135 0.046 0.711 —0.027 —-0.041 —-0.041 0.113 0.023 0.167 —0.158
High quality —0230  0.077 0.640 0119  —0.010 0021 —0.053 0043  —0.048  0.334
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1 2 3 4 5 6 7 8 9 10
Decorated —-0.032  —0.132 0.029 0.811 -0.075 —-0.005 —0.038 —0.029 0.143 —0.010
Graceful 0.241 0.237 0.018 0.523 0.207 —0.115 0.401 0.086 —0.081 0.168
Advanced 0.177 0.210 0.108 0.389 0.278 0.360 0.081 —0.244 -0.172 —0.366
Concise 0.070 0.009 —0.003  —0.046 0.761 —0.035 0.093 0.110 0.016 0.089
Substantial 0.056 —0.034 —0.082 0.212 0.432 0.249 —0.142 0.000 0.349 -0.167
Flash —0.001 0.127 0.034 —0.086 —0.069 0.790 —0.035 —0.074 —0.006 —0.008
Shiny 0.117 —-0.096  —0.040 0.086 0.098 0.591 0.157 0.285 0.078 0.134
Premium Elegance =~ —0.008 0.103 0.173 0.105 0.106 0.150 0.604 0.049 0.090 0.027
Harmonious 0.105 0.122 0.242 0.132 0.116 0.081 —0.491 0.027 0.178 0.157
Clarity 0.038 0.083 —-0.054  —0.041 0.169 0.001 —0.049 0.736 0.029 —0.046
Popular 0.077 -0.178 0.208 0.063 -0.223 0.148 0.359 0.558 0.019 0.136
Sturdy 0.136 —0.014 0.073 0.107 0.039 0.120 —0.222 —0.015 0.689 0.109
Variable —0.097 0.153 0.063 —0.034 0.003 —0.118 0.289 0.074 0.660 —0.077
Refreshing 0.088 0.178 0.101 0.022 0.137 0.088 —0.075 0.073 0.005 0.684
Clean —0.008 0.301 0.238 0.007 0.195 0.025 —0.139 0.342 0.005 —0.524
Table 10. Factor renaming table.
Factor 1 1.000 Stately; Durable; Pure
Factor 2 1.000 Grand; Feasible
Factor 3 1.000 Practical; High quality
Factor 4 1.000 Decorated; Graceful
Factor 5 1.000 Concise; Substantial
Factor 6 1.000 Flash; Shiny
Factor 7 1.000 Premium Elegance; Harmonious
Factor 8 1.000 Clarity; Popular
Factor 9 1.000 Sturdy; Variable
Factor 10 1.000 Refreshing; Clean
4.7. Visual Image Evaluation of Decorative Stone Floors
Based on the 10 decorative stone floorings renumbered in Table 1 as Table 11, the
material images of each species were collected, and the simulated realistic scenes were
drawn by 3ds Max computer software, with the aforementioned renaming of the 10 visual
imagery adjectives, and the triangular fuzzy number scale of Table 2 (very low (VL), low
(L), medium-low (ML), medium (M), medium-high (MH), high (H), very high (VH)) to
design a scale questionnaire to conduct a questionnaire survey of consumers’ evaluation of
the visual imagery of 10 kinds of decorative stone flooring. The resulting statistics obtained
103 valid samples, according to the results of the questionnaire, organized into triangular
fuzzy numbers to describe the relationship between potential traits and semantic wording
affiliation; the specific results are shown in Table 12. The triangle fuzzy value plots of
10 beautiful stone floorings together with each visual imagery assessment are shown in
Figure 6.
Table 11. The 10 types of decorative stone flooring number.
No. Species Name Abridge No. Species Name Abridge
1 French wood grain FW 6 Black gold pattern BG
2 Silver White Dragon SW 7 Wood grain jade WG
3 Guizhou wood grain GW 8 Legend of the Star River LS
4 Black and White Root BW 9 Snowflake White SF
5 Roman Travertine RT 10 Black crystal jade BC




Sustainability 2023, 15, 10453 13 of 19

Table 11. Cont.

No. 1 No. 2 No. 5

No. 10

Table 12. The visual imagery evaluation ranking and average score of each material decorative

stone floor.
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
FW (4.3;,6.1,7.6) (4.5;6.3,7.7) (4.5;6.3,7.7) (4.3,5.9,7.4) (4.4,6.1,7.5)
SW (3.6;,5.4,7) (4.4,6.2,7.7) (4,6.1,7.3) (4.4,6.1,7.5) (4.1,5.7,7.2)
GW (3.8,5.7,7.2) (4.2,5.9;7.4) (4.5;6.3;7.8) (4.4,6.1,7.6) (4.4,6.1,7.6)
BW (3.8,5.5;7.1) (4,5.7,7.3) (4.1,5.9,7.4) (4.3;6;7.6) (4.3;6;7.5)
RT (4.1,5.8,7.4) (4.6,6.2,7.8) (4.5;6.3,7.7) (4.5;6.2,7.7) (4.4,6.2,7.7)
BG (4.1,5.8,7.3) (4.3;6;7.5) (4.3,5.8;,7.4) (4.3;6;,7.4) (4.3;6;7.5)
WG (3.9,6,7.3) (4.1,5.9,7.4) (4.4;6.1,7.6) (4.56.3,7.7) (4.4,6.1,7.6)
LS (3.9,5.6,7.1) (4,5.7,7.2) (4.1,5.8,7.3) (3.8,5.5,7.1) (4,5.7,7.2)
SF (4.1,5.8,7.4) (4.1,5.8;,7.4) (4.2;6;7.5) (4.5;6.2,7.7) (4.3;6.1,7.6)
BC (4,5.6,7.1) (3.8;5.5,7) (3.7;5.4,6.9) (3.9,5.6,7.2) (3.7;5.4,6.9)
Factor 6 Factor 7 Factor 8 Factor 9 Factor 10
FW (4.4,6.1;,7.7) (4.4,6.1,7.5) (4.3;6;7.5) (4.7,6.5;7.9) (4.8;6.6;8)
SW (4.1,5.8,7.3) (3.9,5.6,7.2) (4.1,5.9,7.4) (4,5.8;7.4) (3.8,5.5,7.1)
GW (4.3;6,7.6) (4.3;6,7.6) (4,5.7,7.3) (4.4,6.2,7.7) (4.4,6.1,7.6)
BW (4.4,6.1,7.6) (4.5;6.3;7.8) (4.5;6.3;7.8) (4.6;6.3;7.8) (4.9;6.6;8)
RT (4.6;6.3,7.8) (4.6;6.4,7.8) (4.6,6.4,7.7) (4.4,6.2,7.7) (4.8;6.5,7.9)
BG (4,5.7,7.3) (4.3,6,7.5) (4.2,5.9,7.4) (4.2,6;7.5) (4.3,6;7.4)
WG (4.5;6.2,7.6) (4.4,6.2,7.7) (4.5;6.2,7.7) (4.2;6;7.5) (4.3; 6;,7.4)
LS (3.9,5.5,7) (4,5.7,7.2) (3.9,5.6,7.1) (3.9,5.5,7) (4,5.7;7.1)
SF (4.4,6.1;,7.7) (4.4,6.1,7.5) (4.3;6,7.5) (4.7,6.5,7.9) (4.8;6.6;8)
BC (4.1,5.8,7.3) (3.9,5.6;7.2) (4.1,5.9,7.4) (4,5.8;7.4) (3.8,5.5;7.1)

Based on the data in Table 12, the absolute utility value of the triangular fuzzy number
t1 is calculated by the formula Ur(t;)

ur (i) = [ (tig — Xmin)/ ((Xmax — Xmin) + (s — ) +1

—(Xmax — t;1)/((Xmax — Xmin) + (f;, — £;1)) } /2, 1=12.. M

where tr; =(4.3,6.1,7.6), Xmin = 3.6, and Xmax = 7.6.

UT(tNl) _ { (7.6 —3.6)/((7.6 —3.6) + (7.6 —6.1)) + 1

= | Z(7.6—43)/((7.6 — 3.6) + (6.1 — 4.3)) } /2

= 2.2375

The exact results are displayed in Table 13 following the sequential calculation of the
10 materials” decorative stone flooring visual imaging evaluation usefulness table.
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Figure 6. Triangular fuzzy number of 10 decorative stone floors with each visual imagery evaluation.

Table 13. The visual imagery of each material’s decorative stone flooring evaluation utility value table.

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10
FwW 2.2375 2.175 2.1854 2.0756 2.1125 2.2013 2.0756 2.1128 2.2 2.2440
SW 2.125 2.2125 2.1256 2.1013 2.0375 2.0615 2.0731 2.1244 2.15 2.0625
GW 2.175 2.1 2.2476 2.1641 2.175 2.1756 2.1756 2.0987 2.1875 2.1464
BW 2.1125 2.1125 2.15 2.2013 2.15 2.1385 2.2269 2.2269 2.175 2.2060
RT 2.1875 2.2 2.1854 2.1897 2.2375 2.1897 2.1897 2.1269 2.1875 2.1816
BG 2.125 2.125 2.0744 2.0756 2.15 2.0987 2.1128 2.0872 2.1375 2.0595
WG 2.2 2.1375 2.1610 2.1897 2.175 2.1013 2.2013 2.1641 2.1375 2.0595
LS 2.075 2.05 2.0878 2.0731 2.075 1.9474 2.0359 2.0103 1.9375 1.9863
SF 2.1875 2.1375 2.1744 2.1897 2.2125 2.15 2.2013 2.15 2.1125 2.2333
BC 2.0375 2 1.902 2.0987 2 2.0359 2.0359 2.0987 2.0875 2.1357
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5. Results and Discussion

1.  With the exception of the LS, where the evaluation of factors 6, 8, 9, and 10 is sig-
nificantly lower than that of other decorative stone flooring, there are not many
differences in how various types of stone are evaluated as decorative stone flooring.

2. GW scored highest for factors 3 and 9, while BW scored highest for factors 4 and 8§,
with factor 8 having the highest evaluation value. FW scored highest for factors 1,
6, and 10, with factor 10 having the highest evaluation value. SW scored highest for
factor 2. For factor 5, RT scored the highest, while for factor 7, SF scored the highest.

Following a thorough comparison of each material, the visual imagery evaluation
scores for 10 different types of decorative stone flooring are further plotted by radar
diagram. As can be seen in Figure 7, the overall comprehensive visual imagery evaluation
is more evenly distributed throughout each visual imagery evaluation word.

Figure 7. Radar chart for thorough analysis of images of 10 different types of decorative stone floors.

Different types of decorative stone flooring have distinctive visual texture effects and
will cause different types of visual imagery evaluation. Consumers can match the expected
effect of decoration more effectively with clear consumer visual imagery styles of decorative
stone flooring, which also enhances the effectiveness of communication between buyers and
sellers and encourages environmentally friendly decorative stone flooring consumption by
preventing the waste of decorative stone resources and environmental pollution.

6. Conclusions

According to preliminary market research, the most favored stone flooring types
are French wood grain, Silver White Dragon, Guizhou wood grain, Black and White
Root, Roman Travertine, Black gold pattern, Wood grain jade, Legend of the Star River,
Snowflake White, and Black Crystal Jade. Additionally, we compiled 110 adjectives that
frequently appear in images of ornamental stone flooring from the research literature on
stone decorating and interior design publications. By researching ten of the top interior
designers in the business, the number of adjectives was further lowered.

To better understand and analyze consumers’ attitudes and preferences for green
consumption of decorative stone flooring, the most crucial factors for green consumers
can be identified through factor analysis of a large amount of visual imagery evaluation
data. Fuzzy logic can then be used to convert consumers’ fuzzy evaluations into numerical
results. Researchers can quantify green consumption traits by combining triangular fuzzy
analysis and component analysis. A quantifiable indicator system for the green consump-
tion characteristics of decorative stone flooring can be built by establishing weights and
scores. A valid basis for customer decision-making, such a system of indicators, can be used
to evaluate and compare the environmental performance of various stone flooring products.
Researchers can make conclusions and recommendations about decorative stone flooring’s
green consumption based on the findings of factor analysis and triangulation fuzzy anal-
ysis. These recommendations can be used to create product improvement strategies and
marketing strategies to support the growth and promotion of green consumption behavior.
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The purpose of this study is to examine consumer demand for visual representations
of ornamental stone flooring and to promote green flooring production and consumption.
The study developed a quantitative statistical method for gauging consumers’ opinions of
the visual representation of stone flooring using the statistical methods of factor analysis
and the semantic scalar scale of triangular fuzzy theory. The study’s findings highlight
the visual textural impacts of various decorative stone floors as well as the various visual
imagery evaluations generated, offering suggestions for further study and application in
relation to the creation of stone floors.

In a managerial sense, the study provides insight into the consumer needs and prefer-
ences. Manufacturers can design and create for various market segments to avoid blind
production that results in stagnant flooring and resource loss by correctly matching con-
sumer imagery of stone flooring. This specialized production model helps the stone flooring
industry move in the direction of sustainable development while also catering to consumer
preferences and reducing the production of waste stone.

The findings of the research demonstrate that various decorative stone floorings have
a distinctive visual texture effect and will elicit various evaluations of visual imagery.
Customers typically decide on the best flooring style before buying stone flooring based on
their individual aesthetic preferences and space design requirements. However, the flooring
purchased frequently does not produce the desired effects due to poor communication or
faulty information transfer between customers and sellers. Consumers are inconvenienced
by this condition, which also wastes resources and pollutes the environment.

The essential component of this strategy is to define the textural style of each decorative
stone floor in order to effectively match the consumer’s mental image of the stone floor
in order to enhance the effectiveness of communication between customers and sellers
and to avoid discrepancies with the expected results. Stone flooring producers may create
and produce stone flooring for various market segments by gathering and evaluating
data on consumer demands and preferences. This specialized production process not
only prevents flooring production standstill, but also minimizes the production of stone
waste. Manufacturers may limit resource waste, lessen negative environmental effects, and
move the stone flooring sector toward sustainability by accurately satisfying consumer
expectations. Consumers that identify as “green” are more concerned than ever with
sustainability and environmental protection, and they favor goods that are less harmful
to the environment. Manufacturers can obtain an advantage in the cutthroat market and
draw in more ecologically conscious customers by providing stone flooring that is in line
with consumer imagery. As a result, green consumption will grow even more, and society
as a whole will advance in a more sustainable direction.

There are certain restrictions on this study, though. First of all, the study’s sample size
is constrained and might not be entirely representative of the overall customer population.
The second issue is that the research approach is mostly centered on research and statistical
analysis, which might not account for all pertinent elements. Additionally, since the study’s
focus is on visual imagery requirements, it is possible that it will not cover other consumer
preferences and demand elements. Therefore, while analyzing the study’s findings and
putting them to use, these limitations must be taken into full account.

Future research can measure consumers’ gaze habits, including whether they follow a
linear or point trajectory when examining pattern details, and identify the characteristics of
patterns that draw customers to ornamental stone. Researching consumer requirements and
industry trends also requires an understanding of emerging technology and methodologies.
In terms of ornamental materials, for instance, virtual reality (VR) and augmented reality
(AR) technology can provide customers with a more intuitive and immersive experience.
Future studies can examine how these technologies can be used to forecast market trends
and better understand consumer wants.
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