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Abstract

:

Water efficiency labeling, an environmental protection label, can provide consumers with products’ water-saving information, guide consumers to choose high-efficiency water-saving products, and encourage residents to save water. Data were obtained from a questionnaire survey among 526 respondents in Zhengzhou, China. The study constructed a Hidden Markov Model (HMM) to predict consumers’ adoption behavior of products with water efficiency labeling. The adoption probability of consumers at different perceptions and water-saving awareness for products with water efficiency labeling and the state transition probability of consumers’ adoption behavior of products with water efficiency labeling were calculated. Consumers’ adoption behavior of products with water efficiency labeling in different situations is predicted. The research found: (1) When the degree of perception remains unchanged, the improvement of consumers’ water-saving awareness will promote their adoption of products with water efficiency labeling and increase the probability of continuous adoption behavior. (2) The state of consumers’ adoption behavior depends on the last adoption behavior. Furthermore, as the state level increases, the dependency on adoption behavior becomes more vigorous. (3) HMM is suitable for predicting consumers’ adoption behavior of products with water efficiency labeling and has high accuracy. The research findings can provide a theoretical basis and decision-making reference for the government and enterprises to formulate relevant guiding policies and promotion strategies.
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1. Introduction


Water is the source of life, an essential primary natural and strategic economic resource, and one of the indispensable resources for the survival and development of human society. With the continuous advancement of China’s urbanization process and rapid economic growth, problems such as water resource shortages, increased water pollution, and water ecological deterioration have gradually become prominent and have become essential factors affecting sustainable development [1]. To promote high-efficiency water-saving products, improve water-use efficiency, and promote water-saving technological progress since 2005, Australia, Singapore, the United States, Portugal, China, etc., have launched water efficiency labeling programs or management measures. As an essential water-saving management measure, promoting the application of water efficiency labeling has been implemented in succession by many countries. However, existing surveys show that the water efficiency labeling system only covers a small range of products and the lack of effective incentives, in particular, the low degree of recognition and low motivation for adoption among consumers, these problems seriously hinder the comprehensive promotion of water efficiency labeling and the efficient utilization of water resources [2].



Water efficiency labeling has similar functions and purposes to energy efficiency labeling, carbon labels, and eco-labels; that is, it provides consumers with relevant information so that they know the environmental impact of the products they choose [3,4,5]. With the gradual improvement in consumers’ awareness of environmental protection and energy saving, more and more people have expressed their willingness to purchase environmentally friendly products [6,7], but it is not easy to translate this concern or willingness into actual adoption behavior [8]. Driven by this issue, scholars have conducted extensive research on the adoption behavior of energy efficiency labels, carbon labels, and eco-label products, mainly including consumers’ perceptions and preferences [9], adoption intentions [10], willingness to pay premiums [11], and factors affecting adoption behavior [12,13,14]. Moreover, existing studies related to water efficiency labeling mainly focus on the popularization and promotion of water efficiency labeling [15], the effect of plan implementation [16], and the influencing factors and mechanisms of adoption behavior [17,18].



Based on the above analysis, it can be found that although scholars have explored the impact mechanism of consumers’ adoption behavior based on studying consumers’ preferences, willingness, and the current situation of environmental protection products. However, it mainly explores the influencing factors and their interaction relationship. It is still impossible to judge and dynamically predict the specific situation of consumers’ adopting products with water efficiency labeling nor the probability of consumers’ adoption. Therefore, this study takes consumer perception and water-saving awareness as the starting point and constructs a Hidden Markov Model (HMM) to predict the consumers’ adoption behavior of products with water efficiency labeling to provide decision-making references for the government and enterprises to formulate relevant policies.



The theoretical contributions of this study are mainly reflected in the following three aspects: First, by calculating the probability of consumers adopting products with water efficiency labeling under different observation conditions, the impact of water-saving awareness on consumers’ adoption of products with water efficiency labeling is analyzed. Second, by calculating the state transition probability of adoption behavior for products with water efficiency labeling, the dependency and habits of consumers’ adoption behavior of products with water efficiency labeling are evaluated. Based on the consumption data, the prediction of consumers’ adoption behavior of products with water efficiency labeling in different situations is realized. Thirdly, this study proposes a dynamic prediction method for consumers’ adoption behavior of products with water efficiency labeling based on a questionnaire survey and consumption data, which provides a reference for relevant theoretical research and management practice.



The structure of this paper is as follows: Section 2 reviews the relevant literature, Section 3 is the research methods and materials, Section 4 is the results of empirical analysis, Section 5 is the discussion, and the Section 6 is the conclusion.




2. Literature Review


2.1. Origin and Development of Water Efficiency Labeling


As early as 2005, Australia released the “Water Efficiency Labeling and Standards Act 2005”, which marked the birth of the world’s first water efficiency labeling system. The plan was initially voluntary and became mandatory on 1 July 2006. The WELS program resulted in a national water saving of 112 GL/year in Australia in 2017–2018, which is expected to increase to 186 GL/year by 2026 and 231 GL/year by 2036 [16]. In June 2006, the US Environmental Protection Agency (EPA) launched the Water Sense voluntary certification project. The project saved the United States $32.6 billion in water and energy costs and 1.5 trillion gallons of water and avoided 78 million tons of greenhouse gas emissions [19]. In addition, countries and regions such as Singapore, Portugal, and Europe have successfully implemented water efficiency labeling programs and have significantly achieved water saving [20].



China is the first country among non-developed economies to introduce a water efficiency labeling system. Chinese scholars have systematically defined the concept of water efficiency labeling in the “Water Efficiency Labeling Management Measures” [21]. Water efficiency labeling refers to a mark for classifying aquatic products’ water efficiency grade performance using self-declaration and information filing by the enterprise. Implementing the water efficiency labeling system will improve the water efficiency and quality of China’s terminal water products [22]. According to a study, implementing the water efficiency labeling system will generate at least 6 billion cubic meters of water-saving benefits each year, equivalent to a water cost of more than 12 billion yuan [23].




2.2. Research on the Influencing Factors of Adoption Behavior of Products with Water Efficiency Labeling


The influencing factors of consumers’ adoption behavior for labeled products can be roughly divided into internal and external factors. Internal factors refer to factors related to consumers themselves, such as consumers’ cognition of labels, degree of trust, perceived value, and individual characteristics of consumers. When consumers need an understanding of labels, there is a high probability of affecting the adoption rate for labeled products [24]. The determinant of cognition is whether consumers pay attention to the label information. Only when consumers actively pay attention to the label will the cognition gradually increase, and then they may respond according to the label information and change their adoption behavior [25]. Consumers’ trust in labels mainly depends on perceived value, which can positively impact consumers’ consumption attitudes [26]. Consumer attitudes, perceived value, and environmental concerns will positively influence consumers’ purchase intentions and indirectly influence their adoption behavior [27,28,29]. The impact of consumers’ characteristics on adopting energy efficiency labels is reflected in the level of education, social responsibility, and trust in others [12]. In addition, the individual characteristics of consumers are also the main factors affecting consumers’ adoption of carbon labels, eco-labels, and other products, such as consumers’ age, educational background, place of residence, and monthly disposable income [30,31]. In addition to the internal factors, other factors affecting consumers’ adoption of labeled products are external environmental factors. For example, external environmental factors such as social norms [26], publicity and guidance policies [32], government subsidy policies [2], and macro-political and economic backgrounds [33] will have an impact on consumers’ behavior toward adopting labels. Wang et al. believed that there are two influencing factors for consumers to adopt products with water efficiency labeling: consumer perception and environmental factors. Moreover, they indirectly affect consumers’ adoption behavior of products with water efficiency labeling through the willingness to adopt [2].




2.3. HMM and Its Application


Scholars such as Baum put forward the basic theory of HMM in a series of classic papers from the late 1960s to the early 1970s [34]. HMM is a mathematical model that infers a pattern of observed state sequences by assuming that an unknown sequence of states can produce a known sequence of observations [35]. The basis of HMM in the stochastic Markov process is composed of multiple states and the transition relationship between them [36]. In light of this, HMM provides researchers with a probabilistic framework for inference and prediction and requires fewer training samples, and thus has been applied to behavior recognition [37], speech recognition [38], natural language processing [39], fault detection [40], economic forecasting [41], earthquake prediction [42], hydrological prediction [43], and other fields.



From the above research, scholars at home and abroad have conducted various research on labeled products, which provide an essential theoretical reference for studying the adoption behavior of products with water efficiency labeling. However, there are few kinds of literature on the dynamic research for consumers’ adoption behavior, and even fewer studies on the dynamic prediction for adoption behavior of products with water efficiency labeling based on HMM, which is the focus of this study.





3. Materials and Methods


3.1. Key Variable Identification


Through a comprehensive review of the relevant literature, it was found that consumer perception and water-saving awareness are two critical factors affecting consumers’ adoption of products with water efficiency labeling [2]. Generally, consumers will make preliminary judgments and reactions to new things based on their experience and knowledge. When consumers understand and master more water efficiency labeling information, it is helpful for them to adopt products with water efficiency labeling. Dieu et al. believe that the increased cognition of water efficiency labeling positively impacts consumers’ decision to adopt water-saving equipment [13]. Consumers’ adoption behavior for green products is also affected by consumers’ awareness of green food labels [44]. Trust is the basis for consumers to adopt water efficiency labeling, and consumers’ distrust for labels predominantly affects their adoption behavior. The research shows that consumers’ distrust of labels has a significant negative moderating effect on their adoption behavior [45]. Consumers’ perceived trust significantly impacts their purchase behavior of eco-friendly products [46]. According to the TAM, actors will first consider the benefits that new technologies bring to themselves when adopting new technologies. The empirical study has shown that perceived usefulness significantly and positively affects consumers’ adoption behavior [47]. For example, the perceived usefulness of virtual goods and services can significantly and positively affect consumers’ willingness to adopt them [48]. In addition, consumers, as the main body adopting products with water efficiency labeling, are driven by awareness, which is the basis of behavior. The study found that water-saving awareness positively impacts households’ adoption of water-efficient appliances [13]. Water-saving awareness also directly affects citizens’ acceptance and adoption of recycled water [49].



Based on the above scholars’ views, this study takes consumer perception and water-saving awareness as research variables and measures consumer perception from cognition degree, perceived trust, and perceived usefulness. Water-saving awareness was measured as a separate variable. The specific information is shown in Table 1.




3.2. Data Sources and Tests


	(1)

	
Data collection







This study developed consumer perception, water-saving awareness, and adoption behavior of products with water efficiency labeling measurement scales and obtained data through questionnaires. The questionnaire was developed and revised based on literature, expert opinions, and feedback from the respondents in the pre-investigation stage. The final questionnaire has 22 items, including demographic information such as gender, age, education level, occupation type, and average monthly family income of the respondents (the questionnaire is in Appendix A). For the measurement of variables, this study adopts a 5-level Likert scale design, that is, “totally disagree” = 1, “somewhat agree” = 2, “not sure” = 3, “somewhat agree” = 4, and “strongly agree” = 5. Finally, a total of 526 questionnaires were recovered, a total of 82 complete questionnaires were eliminated (if the answering time does not exceed 120 s, and more than 80% of the answers are all options in a particular order), and a total of 444 valid questionnaires were obtained, with an effective rate of 84.41%. Studies have shown that when the sample size is about 300, an agreement of greater than 0.9 of the sample loading relative to the population loading can be obtained, an accepted value used in behavioral science to establish equivalence between two groups of loadings [50,51]. The individual statistical characteristics of the sample are shown in Table 2.



In addition, 50 consumers were randomly sent consumption record collection applications. Since consumption records involve personal privacy, only 25 consumers’ consumption records were collected, with 2615 records, of which 2500 were complete and valid. In collecting consumption records, only the transaction records of consumers in the Alipay and WeChat payment systems are collected. These records can preserve the consumer’s consumption in a relatively comprehensive manner. The information collected also included consumers’ state indicators regarding consumer perception, water-saving awareness, and adoption behavior of products with water efficiency labeling. Eighty percent of the consumption record data are trained using the Baum–Welch algorithm, and the remaining twenty percent is used for prediction to verify the model’s reliability.



	(2)

	
Reliability and validity tests







In this study, SPSS 25.0 software tests the reliability of 444 valid questionnaires collected. The formal scale’s internal consistency reliability test results are obtained, as shown in Table 3. The Cronbach’s α coefficient value of each variable is more significant than 0.7, and the “Cronbach’s α coefficient after deletion” is smaller than the Cronbach’s α coefficient of each variable. Each Corrected Item-Total Correlation (CITC) value is not less than 0.3. The analysis results show that the scale has good reliability.



To ensure that the scale has good validity, the Kaiser–Meyer–Olkin (KMO) value test and the Bartlett sphericity test were carried out on the scale, and the results are shown in Table 4. The overall KMO value of the scale was 0.897 > 0.7, and the Bartlett sphericity test significantly rejected the null hypothesis that there was no correlation between variables. The test results show that the scale has good construct validity.




3.3. HMM Construction of Consumers’ Adoption Behavior of Products with Water Efficiency Labeling


	(1)

	
The basic idea







By constructing HMM to realize the prediction of consumers’ adoption behavior of products with water efficiency labeling, the following problems must be solved. ① With a certain level of water-saving awareness, how likely are consumers with different perceptions to adopt products with water efficiency labeling? ② How likely is it that consumers with a certain degree of perception will continue to consume products with water efficiency labeling at different levels of water-saving awareness? ③ Under the influence of consumer perception and water-saving awareness, how dependent is the adoption behavior of its products with water efficiency labeling? ④ How to evaluate whether consumers have changed their consumption habits to purchase products with water efficiency labeling?



To solve question ①, it is necessary to establish a state probability model of consumer perception, water-saving awareness, and the adoption behavior of products with water efficiency labeling. Since the state probability is generated under certain conditions, the study constructs a Bayesian network model that can meet the requirements of conditional probability calculation. To solve question ②, adding time series to the Bayesian network model is necessary, extending the static Bayesian network model to a dynamic Bayesian network model based on time series. Based on question ②, the “dependency” of question ③ and the “consumption habit” of question ④ are all about the probability of time series, and the state transition probability needs to be calculated. The state transition probability matrix is introduced into the Bayesian network model based on time series. In addition, since it is challenging to observe consumers’ adoption behavior of products with water efficiency labeling, it is necessary to introduce a function to calculate the probability of the unknown state. So, the study constructed the hidden Markov model (HMM) based on the Bayesian network for empirical research.



This study analyzes the influence of consumer perception and water-saving awareness on consumers’ adoption behavior of products with water efficiency labeling by calculating the probability of consumers’ adoption of products with water efficiency labeling in different observed states and the transition probability of consumers’ adoption behavior of products with water efficiency labeling. In addition, by collecting consumption data and constructing HMM based on known observation sequences (consumer perception, water-saving awareness), the study infers the unknown state sequences (adoption behavior of products with water efficiency labeling). Then, it predicts the consumers’ adoption behavior of products with water efficiency labeling in different observation states.



	(2)

	
Construction of HMM







HMM usually consists of five parts: hidden state, observation, state transition probability matrix, observation probability matrix, and initial state probability matrix. Combined with the research content of this paper, the relevant parameters can be set as follows [52]:



N represents the number of hidden states contained in the HMM; si represents the hidden state, 1 ≤ i ≤ N. In the model constructed in this study, N can be expressed as Beh = {s1, s2, …, sN}. At time t, the state of the Markov chain is qt, where qt ∊ Beh.



M represents the number of observations contained in the HMM; vk represents the observed value, 1 ≤ k ≤ M. M can be expressed as Per&Awa = {v1, v2, …, vM}. At time t, the observed value of the Markov chain is ot, where ot ∊ Per&Awa.



A represents the state transition probability matrix. A represents the transition probability distribution of the model in a different state, A = {aij}, where aij = p(qt + 1 = sj|qt = si), 1 ≤ i ≤ N, 1 ≤ j ≤ N. aij represents the probability of transitioning from the si state at time t to the sj state at (t + 1) time.



B is the observation probability matrix (state mapping matrix), which represents the probability distribution of different observation values for each hidden state, B = {bi(k)}, where bi(k) = p(ot = vk|qt = si), 1 ≤ k ≤ M, 1 ≤ i ≤ N, bi(k) represents the probability that the observed value is vk when the state is si at time t.



π is the initial state probability matrix, which is expressed as the probability distribution of the hidden state at the initial moment, π = (π1, π2, …, πN), where πi = p(q1 = si), 1 ≤ i ≤ N, πi represents the probability that the hidden state is si when t = 1.



The HMM of consumers’ adoption behavior of products with water efficiency labeling is shown in Figure 1.



	(3)

	
Calculation process







Based on the basic HMM algorithm, the study tests and predicts consumers’ adoption behavior of products with water efficiency labeling according to the following process: ① According to the questionnaire survey data, the mean value and standard error algorithms are used to classify consumer perception, water-saving awareness, and adoption behavior of products with water efficiency labeling. The number of hidden states N and observations M of the hidden Markov model are obtained through calculation. ② According to the consumption records of the respondents (consumers) and the set parameters of N and M, the state transition matrix A, observation probability matrix B, and initial probability matrix π of each consumer are estimated. ③ Part of the consumption records are used as the data training set, and the Baum–Welch algorithm is used to retrain and evaluate each consumer’s state transition matrix A, observation probability matrix B, and initial probability matrix π. ④ Use new parameters to establish HMM for each consumer and calculate the corresponding optimal state sequence under a particular observation sequence through the Viterbi algorithm. The calculation process is shown in Figure 2.





4. Results of Empirical Analysis


4.1. Confirm States Level


This study uses the mean and standard deviation algorithm to classify consumer perception, water-saving awareness, and adoption behavior of products with water efficiency labeling from low to high. Consumer perception is divided into four state levels, water-saving awareness is divided into three state levels, and adoption behavior of products with water efficiency labeling is divided into five state levels. The classification results and explanations are shown in Table 5.




4.2. Calculate the Probability of Consumers Adopting Products with Water Efficiency Labeling


The Baum–Welch algorithm calculates the probability of consumers adopting products with water efficiency labeling under different water-saving awareness and consumer perception observations. The results are shown in Table 6. When the consumer’s observation value is in Per0&Awa0, the probability that the state of adoption behavior of products with water efficiency labeling is Beh4 is 0.017. Furthermore, when the consumer’s observation value is in Per0&Awa1, the probability that the state of adoption behavior of products with water efficiency labeling is Beh4 becomes 0.033. According to the results of the increase in the probability value, when the perception level remains unchanged, the improvement of consumers’ water-saving awareness will promote their adoption of products with water efficiency labeling.



In addition, we further analyzed consumers’ continuous adoption behavior of products with water efficiency labeling. We drew the line statistics (Figure 3) with the probability value of Beh4 in Table 6 as the vertical axis and the consumer perception category as the horizontal axis. It can be seen from the figure that consumers with higher water-saving awareness are more likely to continue to adopt products with water efficiency labeling. Moreover, as the degree of perception increases, the higher the level of consumers’ water-saving awareness, the more significant the change in the probability of continuously adopting products with water efficiency labeling.




4.3. Calculate the State Transition Probability of Consumers’ Adoption Behavior of Products with Water Efficiency Labeling


The Baum–Welch algorithm calculates the state transition probability of consumers’ adoption behavior of products with water efficiency labeling, and the results are shown in Figure 4. When the state level of consumers’ adoption behavior of products with water efficiency labeling at time t is Beh2, and the probability that the state level at the time (t + 1) is still Beh2 is 0.542. Consumers who are in the state level of Beh2 in the consumers’ adoption behavior of products with water efficiency labeling have about 54% probability of maintaining the state level of Beh2. When the state level of consumers’ adoption behavior of products with water efficiency labeling at time t is Beh4, and the probability that the state level at the time (t + 1) is still Beh4 is 0.628. Consumers who are in the state level of Beh4 in the consumers’ adoption behavior of products with water efficiency labeling have about a 63% probability of maintaining the state level of Beh4. Comparing the above two results, consumers’ adoption behavior of products with water efficiency labeling tends to depend on the last adoption behavior. As the state level increases, the dependency on adoption behavior gradually becomes more vigorous.




4.4. Evaluate the Prediction Accuracy


Combined with the existing training parameters, this study uses the Viterbi algorithm to predict the remaining data, and the results are shown in Figure 5. The number of training samples with observation value Per1&Awa0 is 132, and the prediction accuracy is 79.95%. The number of training samples with observation value Per2&Awa0 is 157, and the prediction accuracy is increased to 86.26%. This shows that the training parameters of HMM have a high degree of fitting, and the prediction accuracy can reach 96%. As the number of samples increases, the accuracy will increase accordingly.





5. Discussion


This study demonstrates that improving consumers’ water-saving awareness contributes to their adoption of products with water efficiency labeling by calculating the probability of consumers with different degrees of perception for adopting products with water efficiency labeling under a certain level of water-saving awareness. It has been shown that citizens’ lack of water-saving awareness will severely hinder water conservation efforts and that attitudes toward water use can be more effectively improved to support water-saving behavior when individuals maintain positive behavior and the external environment provides favorable conditions [53]. However, although citizens are increasingly aware of the necessity for water conservation, family members’ understanding of water use differs from the actual water-use behavior [54,55]. They do not yet have vigorous water-saving awareness, or at least it is insufficient to drive them to implement water-saving behavior effectively. Tian and Chen argue that only when water users truly perceive the actual data or information can they better cultivate water-saving awareness and thus change their attitudes and concepts of water use to promote the implementation of water-saving behavior [56]. As a kind of information label, water efficiency labeling can alleviate or eliminate the asymmetry of information phenomenon on water efficiency of water-saving products for consumers. Therefore, the government should strengthen the publicity and education of water efficiency labeling, cultivate and enhance citizens’ water-saving awareness, guide consumers’ adoption behavior for products with water efficiency labeling, and promote water conservation in society.



Products with water efficiency labeling are environmentally friendly products compared to available products. Since these labels impose mandatory requirements on the critical point of product energy consumption, this will increase manufacturing costs and higher prices than ordinary products [57]. However, if labeled products provide consumers with the same or higher perceived effects as ordinary products, consumers will be more inclined to buy them [58]. Based on the results of the state probability model, this study found that consumers with more vigorous water-saving awareness are more likely to continue to adopt products with water efficiency labeling. Moreover, when the degree of consumer perception increases, the higher their level of water-saving awareness, the more significant the change in the probability of continuously adopting products with water efficiency labeling. This indicates that consumer perception and water-saving awareness are essential in promoting their adoption behavior [45,46,47,48]. Therefore, when citizens’ water-saving awareness is generally enhanced, governments should increase their efforts in publicizing water efficiency labeling, and highlight the economic, environmental, and social effects of the water efficiency labeling system [59], and encourage production enterprises to innovate water-saving technology and lower product prices. The research and development of more water-saving products can improve the market competitiveness of products with water efficiency labeling, consumers’ consumption experience, and sense of gain [60]. In addition, in promoting products with water efficiency labeling, enterprises should focus on the meaningful effects of consumers’ adoption behaviors on constructing a water-saving society and the sustainable development of resources and the environment. Active publicity can make consumers more intuitively feel the importance of their behavior and stimulate and enhance their moral cognition and social responsibility, which will help systematically improve their perception level.



A psychological study showed that a person’s behavior is primarily determined by their habits, which play a crucial role in adopting protective behaviors [60]. In this study, by calculating the state transition probability between consumers’ adoption behavior of products with water efficiency labeling, the state dependency of consumers’ adoption behavior of products with water efficiency labeling is quantified, and consumers’ consumption habits about products with water efficiency labeling are evaluated. The results show that consumers’ adoption behavior regarding products with water efficiency labeling depends on the last adoption behavior. As the state level increases, the dependency on adoption behavior becomes stronger. This dependency is mainly driven by existing consumption habits, which can inhibit the adoption of new products or specific services [61]. Consumers are less likely to choose alternatives when accustomed to using a particular product or technology [62]. Individuals often develop their reliance on inappropriate behavior as a long-standing habit and are reluctant to change [63]. Therefore, on the one hand, relevant government departments should vigorously strengthen the publicity and education of water-saving knowledge and improve consumers’ water-saving literacy. On the other hand, it is necessary to use water-saving legislation, product subsidies, and information intervention to guide consumers’ adoption behavior, cultivate water-saving habits, and encourage consumers to choose to adopt products with water efficiency labeling.



In addition, this study verified the applicability and accuracy of HMM. The results show that the training parameters are well fitted, and the HMM has high prediction accuracy. The prediction accuracy will also improve as the number of training samples increases. Compared to other machine learning algorithms, HMM will not appear overfitted due to the increase in the number of hidden states, nor will the prediction accuracy decrease with the increase in the number of input features [64]. This has been verified in other scholars’ studies, where HMM has shown better prediction performance [65,66,67]. However, the prediction results have specific errors since the training samples cannot cover all the observed states. This method has certain reference significance for the management decisions of the government and enterprises.




6. Conclusions


The conclusions of this study are as follows: ① Water-saving awareness has a significant positive impact on consumers’ adoption behavior of products with water efficiency labeling and will guide the continuous adoption behavior of consumers for products with water efficiency labeling. ② Consumers’ adoption behavior of products with water efficiency labeling has a dependency, and the degree of dependency varies with the state level of adoption behavior. ③ HMM applies to the prediction of consumers’ adoption behavior of products with water efficiency labeling, and has certain reliability and accuracy. The results are helpful for manufacturers to make management decisions in the development and design of water-saving products, as well as to make basic judgments on market potential, customer dependency, and risk prediction. In addition, this conclusion can also provide a reference for the government to formulate guiding policies or water-saving plans.



However, this study also has limitations that need improvement in future research. Firstly, external factors such as product prices, policies and regulations, and resource constraints influence consumers to adopt products with water efficiency labeling. However, we only consider the internal factors of consumers as research variables. Secondly, HMM has high requirements for the quality of survey data and involves consumers’ privacy. As a result, specific errors in the data we collected may occur. The number of training samples collected in this study is limited and can not cover adoption behavior in all possible states, which will lead to bias in the prediction effect of the model. Therefore, more influencing factors will be considered in future research, and more complete survey data and training samples will be collected to strengthen the model’s explanatory power.
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Appendix A


The Questionnaire on Consumers’ Adoption Behavior of Products with Water Efficiency Labeling



	
Dear Sir/Madam:






Hello! This survey was conducted to understand consumers’ adoption behavior of products with water efficiency labeling. We adhere to academic research ethics, the survey results are for research purposes only, and we guarantee that all information will not be made public under any circumstances.



The truthfulness of your answers is crucial to the accuracy of this study, so please be truthful in your answers. This survey will take about 5 min of your time. Your support and cooperation are greatly appreciated.



	
Your gender: [Single choice]






◯Male ◯Female



	2.

	
Your age: [Single choice]







◯16~35 ◯36~45 ◯46~59 ◯Above 60



	3.

	
Your education: [Single choice]







◯Junior high school and below ◯Senior high school ◯Undergraduate ◯Graduate



	4.

	
Your occupation: [Single choice]







◯Enterprise personnel ◯Officials ◯Utility personnel ◯Freelancers ◯Other



	5.

	
Average monthly income of your household: [Single choice]







◯Under CNY 4999 ◯CNY 5000~9999 ◯CNY 10,000~19,999 ◯CNY 20,000~49,999 ◯More than CNY 50,000



	6.

	
Please choose your actual situation: [Matrix scale questions]

















	
	Not at All
	Not Very Much
	Not Sure
	More Consistent
	Fully Consistent



	I understand the information about the water efficiency labeling system
	
	
	
	
	



	I can quickly understand the meaning of the water efficiency labeling through the introduction
	
	
	
	
	



	Different levels of water efficiency labeling mean different levels of water efficiency for water-using products
	
	
	
	
	






	7.

	
Please choose with your actual situation: [Matrix scale questions]

















	
	Not at All
	Not Very Much
	Not Sure
	More Consistent
	Fully Consistent



	I think the credibility of the water efficiency labeling certification body is very high
	
	
	
	
	



	I think the certification process of the water efficiency labeling is fair and credible
	
	
	
	
	



	I believe that the water efficiency information on the water efficiency labeling is trustworthy and reliable
	
	
	
	
	






	8.

	
Please choose your actual situation: [Matrix scale questions]

















	
	Not at All
	Not Very Much
	Not Sure
	More Consistent
	Fully Consistent



	Buying products with water efficiency labeling can enjoy more policy benefits
	
	
	
	
	



	I think the water efficiency labeling can help me to get information on water-saving efficiency
	
	
	
	
	



	I think buying water-using products with low water consumption can help me reduce water costs
	
	
	
	
	






	9.

	
Please choose your actual situation: [Matrix scale questions]

















	
	Not at All
	Not Very Much
	Not Sure
	More Consistent
	Fully Consistent



	When I see others wasting water, I will stop them
	
	
	
	
	



	Saving water means protecting the ecological environment and the earth we live on
	
	
	
	
	



	I have a responsibility to save water, and I am even willing to sacrifice my interests to do so
	
	
	
	
	






	10.

	
Please choose your actual situation: [Matrix scale questions]

















	
	Not at All
	Not Very Much
	Not Sure
	More Consistent
	Fully Consistent



	When buying water-using products, I will check carefully whether the water efficiency labeling is put on the product
	
	
	
	
	



	In the process of purchasing water appliances, I will pay attention to the water efficiency labeling information attached to the product
	
	
	
	
	



	I try to buy water-using products with the water efficiency labeling
	
	
	
	
	



	When faced with two water-using products with the same function, I try to buy the one with less water consumption
	
	
	
	
	



	When I buy water-using products next time, I will buy water products with water efficiency labeling
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Figure 1. HMM schematic diagram of consumers’ adoption behavior of products with water efficiency labeling. 
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Figure 2. Schematic diagram of the calculation process. 
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Figure 3. Probability statistics of consumers’ continuous adoption behavior of products with water efficiency labeling. 






Figure 3. Probability statistics of consumers’ continuous adoption behavior of products with water efficiency labeling.



[image: Water 16 00044 g003]







[image: Water 16 00044 g004] 





Figure 4. State transition of consumers’ adoption behavior of products with water efficiency labeling. Note: The solid red line indicates the transition of state level Beh0. The solid blue line indicates the transition of state level Beh1. The solid green line shows the transition of state level Beh2. The solid purple line shows transitions at state level Beh3. The solid brown line indicates the transition to state level Beh4. 
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[image: Water 16 00044 g004]







[image: Water 16 00044 g005] 





Figure 5. Statistics of prediction results of consumers’ adoption behavior of products with water efficiency labeling. 
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Table 1. The main factors affecting consumers’ adoption of products with water efficiency labeling.
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Research

Variable

	
Measurement Index

	
Variable Explanation

	
References






	
Consumer Perception

	
Cognition

Degree

	
Individuals’ understanding and

acceptance of the water efficiency labeling information

	
[13,44]




	
Perceived

Trust

	
Individuals’ beliefs or expectations about water efficiency labeling

information

	
[45,46]




	
Perceived

Usefulness

	
Individuals’ value judgments about the benefits of adopting products with water efficiency labeling

	
[47,48]




	
Water-saving Awareness

	
Water-saving Awareness

	
Individuals’ judgment of the

significance or responsibility for water-saving behavior

	
[13,49]











 





Table 2. The information on the demographic characteristics of the sample.
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Item

	
Category

	
Number of Samples

	
Percentage






	
Gender

	
Male

	
205

	
46.17%




	
Female

	
239

	
53.83%




	
Age

	
16~35

	
301

	
67.79%




	
36~45

	
98

	
22.07%




	
46~59

	
42

	
9.46%




	
Above 60

	
3

	
0.68%




	
Education

	
Junior high school and below

	
12

	
2.70%




	
Senior high school

	
74

	
16.67%




	
Undergraduate

	
334

	
75.23%




	
Graduate

	
24

	
5.41%




	
Occupation

	
Enterprise personnel

	
224

	
50.45%




	
Officials

	
19

	
4.28%




	
Utility personnel

	
75

	
16.89%




	
Freelancers

	
54

	
12.16%




	
Other

	
72

	
16.21%




	
Average monthly income of your household

	
Under CNY 4999

	
82

	
18.47%




	
CNY 5000~9999

	
155

	
34.91%




	
CNY 10,000~19,999

	
143

	
32.21%




	
CNY 20,000~49,999

	
56

	
12.61%




	
More than CNY 50,000

	
8

	
1.80%











 





Table 3. Scale reliability test results.
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Measurement Index

	
Item

	
CITC

	
Cronbach’s α after Deleting This Item

	
Cronbach’s α






	
Consumer Perception

	
CD1

	
0.425

	
0.763

	
0.779




	
CD2

	
0.422

	
0.768




	
CD3

	
0.473

	
0.758




	
PT1

	
0.540

	
0.747




	
PT2

	
0.533

	
0.749




	
PT3

	
0.518

	
0.750




	
PU1

	
0.471

	
0.757




	
PU2

	
0.481

	
0.756




	
PU3

	
0.348

	
0.775




	
Water-saving Awareness

	
WSA1

	
0.662

	
0.661

	
0.782




	
WSA2

	
0.560

	
0.770




	
WSA3

	
0.641

	
0.681




	
Adoption Behavior of Products with Water Efficiency Labeling

	
AB1

	
0.541

	
0.702

	
0.754




	
AB2

	
0.596

	
0.683




	
AB3

	
0.567

	
0.692




	
AB4

	
0.397

	
0.750




	
AB5

	
0.504

	
0.716











 





Table 4. Scale validity test results.
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KMO and Bartlett Sphericity Test






	
KMO Sampling Suitability Quantity

	
0.897




	
Bartlett Sphericity Test

	
Approximate Chi-square

	
2328.514




	
Degrees of Freedom

	
136




	
Significant

	
0.000











 





Table 5. State levels and interpretations of consumer perception, water-saving awareness, and adoption behavior of products with water efficiency labeling.
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States Category

	
State Levels

	
Explain






	
Consumer

perception

	
Per0

	
Do not know the relevant information on the water efficiency labeling




	
Per1

	
Know but do not trust the information on the water efficiency labeling




	
Per2

	
Know and trust the information on the water efficiency labeling, but do not think it is useful




	
Per3

	
The information on water efficiency labeling can help me when purchasing water-saving products




	
Water-saving awareness

	
Awa0

	
Low




	
Awa1

	
Moderate




	
Awa2

	
