ﬁ water

Article

Analysis of Hotel Water-Use Behavior Based on the
MLP-SEM Model

Rong Cai "2, Xue Bai 1"*>#, Jialin Liu "> and Mengting Hu 12

check for
updates

Citation: Cai, R.; Bai, X; Liu, J.; Hu,
M. Analysis of Hotel Water-Use
Behavior Based on the MLP-SEM
Model. Water 2023, 15, 1534. https://
doi.org/10.3390/w15081534

Academic Editor: Stefano Alvisi

Received: 10 February 2023
Revised: 4 April 2023
Accepted: 4 April 2023
Published: 14 April 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1 China National Institute of Standardization, Beijing 100191, China

Key Laboratory of Energy Efficiency, Water Efficiency and Greenization for State Market Regulation,
Beijing 102200, China

Correspondence: bai_xue2022@163.com

Abstract: As a representative service industry, the hotel industry has a complex water-use structure
and high water consumption. It is of great significance to investigate the mechanisms determining
hotel water-use behavior for demand analysis, as this would make it possible to enhance water-use
efficiency and enact targeted water-saving measures. Using Spearman’s hierarchical correlation
coefficient, the multi-layer perceptron (MLP) neural network model, and the structural equation
model (SEM), in this study, we explored the mechanism determining hotel consumers” water-use
behavior from different dimensions and constructed a typical water-use behavior model based on
the MLP-SEM model. In terms of individual water-use behavior, the results showed that individual
characteristics, water-conservation awareness, and consumption behavior possessed significant
differences regarding their influence on and correlation with various water-use behaviors. The most
relevant factors influencing each behavior, namely washing up, hand washing, and drinking, were
daily stay in the hotel, education, and income. Gender had the greatest impact on bathing and
toilet-flushing water-use behaviors. The importance of daily stay in the hotel was 0.181, which
meant that this was the most significant factor influencing the direct water-use behavior of hotel
guests. The following factors were identified: hotel type, income, age, and gender. Typical individual
characteristics had a significant impact on main water-use behaviors, whereas typical consumption
behaviors had no effect. These results can provide a foundation for relevant research in other
industries and serve as a basis for a prediction model of water consumption in hotels based on
water-use behavior. Furthermore, they provide a basis for the delicate management of water-use
behavior in hotels, making it possible to effectively guide the public to consciously adopt water-
saving habits, thus improving water efficiency, which could alleviate the shortage of water resources
in the long-term.

Keywords: correlation; hotel; multi-layer perceptron neural network model; structural equation
model; water-use behavior

1. Introduction

Water is an indispensable natural resource for human survival as well as social and
economic development. With the rapid urbanization of China and continuous improvement
in living standards, the proportion of the national economy represented by the service
industry has been increasing. In 2015, China’s service industry accounted for more than
50% of its gross domestic product (GDP). Pressure for water demand from the rapid
development of the service industry has also gradually emerged. In addition, with the
improvement in people’s living standards, consumer demand for the service industry is
increasing, which further increases the pressure on water-resource management. Therefore,
strengthening the sustainable use of water resources for the future development of the
service industry has become an inevitable trend.

To strengthen water-use management in the service industry, scholars in China and
elsewhere have conducted research on water-intake monitoring, management, and demand
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forecasting [1,2]. As the micro-basis of demand-side management of water resources [3],
the study of water-use behavior is of great significance for promoting changes in consump-
tion behavior and water-use modes, improving water-use efficiency, and alleviating water
shortages [4]. In recent years, scholars have investigated the factors influencing water-use
behavior through large-scale behavioral research and have analyzed the drivers and influ-
encing paths based on statistical models, such as the structural equation model and the
LPA analysis method [5,6]. Studies have found that individual characteristics, including
gender, age, educational level, income, awareness of water conservation, etc. [7-11], have a
great impact on household water-use behavior. Water habits, socioeconomic status, and
water-saving technology and equipment also play roles in residents” domestic water-use
behavior and demand, whereas the natural environment does not [12-17]. However, past
research has mainly focused on the domestic water-use behavior of residents, and little
work has been undertaken on the mechanism determining water-use behavior under the
influence of different public services and social activities. In recent years, some scholars
have proposed that, in contrast to domestic water-use behavior, social activities can affect
people’s water-use behavior. The conclusions were confirmed in research on college stu-
dents’ water-use behavior, which showed that psychological characteristics were significant
factors, along with scenario-moderating factors, while there was no significant correlation
with sociodemographic characteristics [18,19].

The hotel industry is a service industry [20] that plays an important role in business
and leisure activities. Since 2005, with the rapid growth in China’s GDP, the numbers of
rooms and beds, among other indicators of hotels above a typical size, have been increas-
ing [21]. As they are part of a typical high-water-consumption service industry, hotels
have complex water-use structures. It is estimated that hotel water consumption in 2020
was approximately 1.613 billion m3, accounting for 1.87% of the country’s domestic water
consumption. Hotel water is mainly used for guest rooms, catering, fitness, entertainment,
cleaning, and greeneries. Studies have shown that there are significant differences in the
water-use structures of hotels in different countries. In China, guest rooms consume the
most water [22-24]. By analyzing the factors influencing hotel water use, scholars have pro-
posed that there are significant differences in the proportions of water used in hotels with
different service qualities and in star-rated hotel rooms [25]. As a result, the water-saving
index and the water-use index (WUI) have been proposed to evaluate the efficiency of
water use in hotels based on water-use structure analysis, and evaluation and optimization
methods for the hotel water-use footprint have been explored from the perspective of the
whole life cycle [26-28].

Previous research on hotel water use has mainly focused on four aspects: water-use
structure, influencing factors, evaluation of water savings, and resident-based water-use
behavior. There is a research gap regarding the behavioral mechanisms that determine
hotel water use. Moreover, the current research has mainly looked at significance analyses
and has missed multidimensional influencing factors, which has led to the failure to build a
typical water-use behavior model based on important factors due to incomplete analysis of
indicators. Therefore, this study proposes a multidimensional hypothesis for the first time
to research the influencing factors for hotel consumers’ water-use behavior and analyzes
the mechanism determining water-use behavior, which is of great significance for exploring
the potential for hotel water conservation, water management, and water efficiency.

2. Research and Analysis Methods
2.1. Questionnaire

The structure of hotel consumers’” water-use behavior was the basis for the design
of the questionnaire. Consumer water-use behavior in hotels and other public service
spaces is accompanied by the service itself [29]. Based on the type of service, consumers’
water-use behavior can be divided into direct and indirect categories (see Figure 1). Direct
water-use behaviors include washing, hand washing, bathing, toilet flushing, and drinking,
which are mainly controlled by the consumers themselves. However, indirect water-use
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behaviors, such as water consumption for food and cookware washing, cleaning, and
sanitation, occur during the service process; such behaviors have low correlation with
consumers. This study mainly focuses on the controlled and highly related water-use
behavior of consumers in hotels. Based on the water-use hierarchy constructed by domestic
scholars, the water used in toilet flushing mainly considers the water-use efficiency of
terminal water appliances [9], whereas drinking, as a basic consumer need, is less affected
by individual water-use behavior. Unlike toilet flushing and drinking habits, washing,
hand washing, and bathing are more subjectively affected by individual behavior and are
therefore considered typical water-use behaviors in hotels.
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Figure 1. Structure of hotel consumers” water-use behavior.

To cover comprehensive and representative data, and to recover and analyze the ques-
tionnaires more easily, this study used web-based questionnaires. The survey questionnaire
covered more than 25 provinces in China. As hotel consumers are highly mobile, thereby
possessing significantly different features from household water users, regional factors
were not considered in this study. As people in hotels come from different walks of life
and come in great numbers, the questionnaire for this study included gender, age, income,
and other individual characteristics of hotel consumers as well as their water-conservation
awareness, consumption behavior, and personal water-use behavior, as detailed in Table 1.
The level of water-conservation awareness was analyzed and scored through questions
such as “daily water conservation behaviors and perceptions”.

Table 1. Questionnaire content of hotel consumers’ water-use behavior.

Type Survey Content
Individual characteristics Gender, age, education, income, etc.
Water-saving awareness Degree of water-saving awareness
Consumption behavior Type of hotel, travel purpose, length of stay in hotel, etc.
The single washing time of bathing, washing up, and
Water-use behavior hand-washing time, toilet-flushing frequency, drinking
habits, etc.

A total of 292 valid questionnaires were collected, and the distribution of the valid
sample data is shown in Figure 2. The ratio of men to women was 68% to 32%. Most



Water 2023, 15, 1534

40f12

participants were between 36 and 50 years old, accounting for 43% of the total; this was
followed by participants between the ages of 21 and 35 and 51 and 60, which accounted
for 36% and 17% of the total, respectively. Finally, consumers under 20 years old or above
60 years accounted for less than 3%. Regarding the distribution of education, more than
half of the population had an undergraduate degree followed by people with a bachelor’s
degree (23%) and people with master’s and doctorate degrees (more than 14% and 10%,
respectively). In terms of income, more than one-fifth of the participants had a monthly
income between 3000 and CNY 17,000, and a few participants had incomes below CNY 3000
and higher than CNY 17,000, accounting for 6% and 9%, respectively.

Above 60 Below 20

3% e

Female 511;30
130, 1% 21-35
36%
Gender Age
Male
68%
36-30
43%
Above 30000 perow 3,000
17,000~30,000 it 6%
Doctor & above 6%
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Below
undergraduate WMaster
23% 14%
2.000~17.000 T
7o, J
Education ez Income T 350r
(vuan/a)
Undergraduate 3,000~8.,000
33% 33%

Figure 2. The distribution for sample data regarding gender, age, education, and income.

2.2. Research Methods
2.2.1. Research Hypotheses

To scientifically identify the factors influencing the water-use behavior of different
people in the hotel industry and to deeply analyze their response mechanisms, this study
identified influencing factors from multiple dimensions, such as single factors (H;,—Hjip),
multi-factors (Hp,), and comprehensive factors (Hs, and Hs},), and quantitatively analyzed
the importance of the multi-factor influencing factors. Consequently, several hypotheses
were proposed by referring to a previous study on water-use behavior, as shown in Table 2.

2.2.2. Research Methods
Spearman Rank Correlation Coefficient

The Spearman correlation coefficient is equivalent to the nonparametric form of the
Pearson correlation coefficient, which does not require the distribution of variables, and is
suitable for ordinal variables or continuous variables that do not follow a normal distribu-
tion [30-32]. According to the characteristics of the dependent variable in this study, SPSS
software was used to calculate the Spearman rank correlation coefficient to identify the
correlation between single hotel consumers” water-use behavior and the research factors,
which entailed identifying the correlation coefficient between different factors and a single
water-use behavior.
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Table 2. Research hypotheses.

S/N Hypotheses
Hi, Gender significantly affects the water-use behavior of hotel consumers
Hip Age significantly affects the water-use behavior of hotel consumers

There are significant effects of the educational level on the water-use behavior of
hotel consumers

Hiq Income significantly affects the water-use behavior of hotel consumers

The degree of awareness of water conservation significantly affects the

Hie water-consumption behavior of hotel consumers

Hy¢ The type of hotel stay significantly affects the water-use behavior of hotel consumers

Hig Travel purpose significantly affects the water-use behavior of hotel consumers

H The length of daily hotel stay significantly affects the water-use behavior of
Th hotel consumers

H The degree of influence of each influencing factor on different water-use behaviors
2 of hotel consumers is different

H Typical individual characteristics have a significant impact on the typical water-use
s behavior of hotel consumers

Hap Typical consumption behavior has a significant impact on the typical water-use

behavior of hotel consumers

MLP Neural Network Model

A multi-layer perceptron (MLP) model, also known as a multi-layer feedforward
neural network [33], consists of an input layer, hidden layer (one or more layers), and output
layer, as shown in Figure 3. It is a neural network trained with an error backpropagation
algorithm (BP algorithm) [34], which aims to simulate the structure and function of the
nervous system for data processing, constantly adjusting the weights of the chains between
the simulated neurons so that the whole network can adapt well to the relationships of the
training data [35]. Owing to their strong nonlinear processing ability, high fault tolerance,
and self-learning ability, neural systems have been widely applied for the identification
and analysis of influencing factors [36-38]. In this study, the MLP model was used to
analyze the importance of different influencing factors on water-use behavior. Compared
to the analysis of the Spearman correlation coefficient, the MLP model focuses more on
considering various factors as a whole to illustrate intrinsic effects.

Hidden layer

Output layer

——~—

Input layer

Figure 3. Multi-layer perceptron (MLP) model structure.

Structural Equation Model

The structural equation model is a statistical method based on the covariance matrix
of variables to analyze the relationships between variables and is an important tool for
multivariate data analysis [39-41]. It is often used to analyze the direct or indirect impact
of one variable on another [42]. Structural equation analysis processes multiple dependent
variables simultaneously and explains the relationship between variables in combination
with methods such as route factor analysis [43]. Therefore, the structural equation model
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was used in this study to analyze the influence mechanisms by which typical individual
characteristics and consumption behaviors influence the typical water-use behavior of
hotel consumers and to verify the consistency between the hypotheses (H3,, H3},) and the
sample data.

3. Identification and Analysis of Influencing Factors of Hotel Consumers’
Water-Use Behavior

3.1. Identification of Single-Factor Influencing Factors

The Spearman correlation coefficient was used to analyze the correlation among
individual characteristics, water-saving awareness, consumption behavior, and water-
use behavior of hotel consumers; the results are shown in Table 3. There were significant
differences based on gender in terms of washing up, bathing, and toilet flushing, and female
consumers had a higher water-use behavior duration or frequency than male consumers.
There were age-dependent differences in terms of toilet flushing; the frequency among older
consumers was higher than that among younger consumers. Education had a significant
impact on bathing and drinking and had a certain correlation with hand washing and toilet
flushing. Income was positively correlated with water drinking and toilet flushing, and
the correlation with drinking was significant. There was no significant correlation between
the degree of water-conservation awareness and the hotel type. Travel purpose had a
significant impact on drinking and for consumers on business travel: drinking > leisure
tourism > visiting relatives and friends. The daily hotel stay had a general impact on the
water-use behaviors of hotel consumers, and there were significant differences in other
water-use behaviors.

Table 3. Identification of influencing single factors of hotel consumers” water-use behavior.

Washing-Up Hand-Washing . . Toilet-Flushing Drinking
Type Time Time Bathing Time Frequency Habit
Gender 0.143 ** 0.081 0.304 *** 0.272 *** 0.041
Individual Age 0.075 0.075 0.046 0.107 * 0.074
characteristics Education 0.053 0.105 * 0.153 *** 0.111* 0.183 ***
Income 0.03 0.068 0.067 0.125 ** 0.216 ***
Water-savin Degree of
& water-saving —0.026 0.005 —0.004 0.061 —0.005
awareness
awareness
C . Type of hotel —0.084 —0.004 0.096 0.082 0.074
ONSUMPHON 17 ve] purpose 0.009 0.001 0.004 0.01 —0.202 ***
behavior Daily stay in
0.152 *** 0.095 0.238 *** 0.209 *** 0.11*
the hotel

Note: ***, ** and * represent significance at the 1%, 5%, and 10% levels, respectively.

3.2. Identification of Influencing Multi-Factors and Quantitative Analysis of Importance

Of the 292 sample data points, 202 training and 90 test samples were randomly selected
to construct the MLP neural network model of hotel consumers’ water-use behavior. In
this model, the input layer variables were gender, age, education, income, water-saving
awareness, hotel type, travel purpose, and daily stay at the hotel. For all the water-use
behaviors, the number of hidden layers was one, and the number of hidden layer units
was five, three, five, five, and four, respectively. The Receiver Operating Characteristic
(ROC) analysis uses the actual hotel water-use behavior of the sample individuals as the
criterion for determining the optimal solution point. Using the probability of the sample
case classification results given by the model as the classification judgment basis, the ROC
curve is obtained. The fitness of the model was judged according to the sensitivity (1-
specificity) of the classification test, as shown in Figure 4, and the area under each curve is
shown in the table. The results show that the area under the curve was greater than 0.5,
indicating that the fitting model was effective.
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Figure 4. Receiver Operating Characteristic (ROC) curve of the MLP neural network model for the
water-use behavior of hotel consumers: (a) Washing-up time; (b) Hand-washing time; (c) Bathing
time; (d) Toilet-Flushing Frequency; and (e) Drinking habit.

The constructed neural network model of hotel consumers’ water-use behavior was
applied to quantitatively analyze the importance of various influencing factors on different
water-use behaviors, as shown in Table 4. According to the analysis results, the degree of
the influencing factors differs for the water-use behaviors of hotel consumers. Daily stay
in hotels was the most important factor for washing up, hand washing, and bathing. The
importance of the other influencing factors varied significantly. The second most influential
factors on these behaviors were education, income, and gender. The order of importance
of toilet flushing frequency was income > gender > education > daily stay in the hotel >
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age > travel purpose > degree of water-saving awareness > hotel type. Drinking habits
were more significantly influenced by income than other factors, with gender having the
least impact.

Table 4. Importance of influencing factors of water-consumption behavior in the hotel.

Washing-Up Time Hand-Washing Time Bathing Time Toilet-Flushing Frequency Drinking Habit
T
ype Importance Normalization Importance Normalization Importance Normalization Importance Normalization Importance Normalization
P Importance P Importance P Importance P Importance P Importance
Gender 0.138 82.9% 0.076 38.6% 0.172 86.2% 0.165 80.1% 0.047 14.4%
Individual Age 0.118 70.9% 0.123 62.3% 0.081 40.8% 0.128 62.4% 0.142 43.1%
characteristics Education 0.152 91.4% 0.082 41.4% 0.143 72.0% 0.141 68.5% 0.072 22.0%
Income 0.118 71.1% 0.150 76.1% 0.096 48.3% 0.206 100.0% 0.329 100.0%
Water-savi Degree of
ersaving water-saving 0.086 51.9% 0.098 49.4% 0.087 43.6% 0.058 28.2% 0.080 24.2%
awareness awareness
. Hotel type 0.099 59.6% 0.145 73.5% 0.108 54.1% 0.046 22.5% 0.103 31.3%
Consumption Travel
behavior purpose 0.123 74.3% 0.128 64.7% 0.114 57.5% 0.118 57.4% 0.153 46.4%
Daily stay 0.166 100.0% 0.198 100% 0.199 100.0% 0.137 66.5% 0.075 22.8%

Overall, the direct water-use behaviors were affected by the duration of the hotel stay,
followed by the type of hotel, income, age, gender, education, as well as the degree of
water-saving awareness and travel purpose.

As shown in Figure 5, the factors influencing direct water-use behavior are ranked
in order of importance as daily hotel stay, type of hotel, income, age, gender, education,
degree of water-saving awareness, and travel purpose. Based on the analysis, the most
important factor was the daily hotel stay, and the value of its importance was 0.181.

Normalization importance

Daily stay in hotel
Type of hotel

Income

Gender

Education

Water-saving awareness

Travel purpose

Importance

Figure 5. Importance of influencing factors on the comprehensive direct water-use behavior of
hotel consumers.

3.3. Identification of Comprehensive Influencing Factors

Based on the above analysis, the typical individual characteristics of gender, age,
income, type of hotel, and daily hotel stay were selected to analyze their impact on hotel
consumers’ water-use behavior using the structural equation model.

A parameter diagram of hotel consumers’ typical individual characteristics and typ-
ical consumption behaviors on typical water-use behaviors was obtained, as shown in
Figure 6. The structural equation model intuitively describes the relationship between
latent variables through a path relationship diagram. As the latent variables represent
phenomena that could not be directly measured, several relevant explicit variables were
selected for interpretation. The latent and explicit variables were expressed as ellipses
and squares, respectively. For example, gender, age, and income were selected to express
typical individual characteristics.
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Figure 6. Parameter diagram of typical water-use behavior model of hotel consumers.
The chi-square ratio to the degree of freedom ratio was less than 5 [44], which is within
a reasonable range of the evaluation criteria. The chi-square degree of freedom ratio of
the fitting index of the model was x?/df = 3.962, which meets the requirements of good
model fitting. The regression coefficients between the variables in the constructed structural
equation model are listed in Table 5. The significance test (p < 0.05) was used to analyze
whether there is an influence relationship between the model variables; that is, in the
construction of the model, the significance p value of the typical individual characteristics
on the main water-use behavior was 0.000 < 0.05, which means that the typical individual
characteristics have a significant impact on the main water-use behavior, and the path
standardized coefficient was 0.108. The p value of the other paths was greater than 0.05,
indicating that these paths were invalid, whereas their typical consumption behavior had
no significant impact on the main water-use behavior.
Table 5. Regression coefficient of typical water-use behavior model of hotel consumers.
Factor Item Non- Standardized
(Latent Variable) - (Explicit Variable) S’g:;;ilggletd Coefficient Standard Error P
Typical Individual Main Water-Use _—
Characteristics - Behavior 0-545 0108 0.027 0.000
Typical Consumption . Main Water-Use 0.023 0.020 0121 0.851
Behavior Behavior ’ ' ’ '
Typical Ind1.\/1§1ua1 N Typical Cons.umptlon 4496 1.000 2679 0.093 *
Characteristics Behavior

Note: *** and * represent significance at the 1% and 10% levels, respectively.

3.4. Hypothesis Test Results

The research hypotheses were tested and analyzed using Spearman’s rank correlation
coefficient, an MLP neural network model, and a structural equation model. According to
the analysis results in Table 5, assuming that Hy, and H3, are valid, each influencing factor
has a different degree of influence on the water-use behaviors of hotel consumers, and
typical individual characteristics have a significant influence on typical water-use behaviors
of hotel consumers. Hy,, Hy,, Hie, Hig, ng, and Hy,, were partially valid; gender, age,
education, income, travel purpose, and daily stay in hotels had a significant impact on some
water-use behaviors; Hie, Hyf, and Hj, were not valid; and the degree of water-saving
awareness and the type of hotel had no significant impact on the typical consumption
behavior of hotel consumers.
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4. Conclusions

This study proposes the hypothesis that individual characteristics, water-saving aware-
ness, and consumption behavior have different degrees of influence on hotel consumers’
water-use behavior. Through the questionnaire, these hypotheses were tested and an-
alyzed using Spearman’s rank correlation coefficient, the MLP neural network model,
and structural equation model to identify the multi-dimensional influencing factors of
hotel consumers” water-use behavior, and the importance of each influencing factor was
analyzed. According to the results, the correlation and impact of water-use behavior on
individual characteristics, water-saving awareness, and consumption behavior differed.
Gender, age, education, income, travel purpose, daily stay in hotels, and other individual
characteristics and consumption behaviors significantly affected water-use behaviors. The
degree of water-saving awareness and the type of hotel had no significant correlation with
the water-use behavior of hotel consumers. The influence degree on different water-use
behaviors was quite different, and the direct water-use behavior was most affected by the
length of stay in the hotel. From the perspective of comprehensive influencing factors,
individual characteristics were the main influencing factors of typical water-use behavior,
indicating that the water-use behavior of hotel consumers was less affected by water-saving
awareness and consumption behavior.

This study constructed a water-use behavior model for hotel consumers to explore the
water-use behavior mechanism, which serves as an important analysis method for water
demand-side management and provides a scientific basis for water-resource management
and policy formulation in this field. In addition, the model lays the foundation for a
water-use predictive model for hotel water consumption based on water-use behavior.
The research only focused on hotels and could not illustrate the general mechanism for
the entire service industry but could provide a reference for subsequent studies on other
industries in terms of the identification of influencing factors and mechanism research on
water-use behavior.
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