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Abstract: Pro-environmental behaviors related to reclaimed water reuse are regarded as important
motivations for both environmental protection and the use of reclaimed water, and these motivations
could affect the citizens’ decision whether they will accept reclaimed water reuse. A hypothesis
model was developed as the NAM (Norm Activation Model) has changed, and this hypothesis model
was used to explore the factors that affect the citizen’s decision about the reclaimed water reuse,
and obtain a better understanding of the mechanism of urban citizens in environmental protection
and the related outcomes. First, 584 samples were used to verify the reliability and validity of data,
and AMOS21.0 was used to test the goodness-of-fit between the sample data and the hypothesis
model. Based on this, the applicability of the improved NAM was verified through the study of
recycled water reuse. The hypothesis model was used to analyze its direct influences, showing that
environmental motivation has positive influences on the citizens’ acceptance toward recycled water
reuse. Besides, Bootstrap method was used to verify the mediation effect, proving that awareness
of consequences regarding environmental pollution caused by human activities and ascription of
responsibility could strengthen the citizens’ motivation to protect the environment.

Keywords: recycled water reuse; environmental protection motivation; structural equation model

1. Introduction

Owing to the development of social economy and the growth of population, people have
higher life quality requirements. As a result, the consumption of freshwater resources has increased
significantly. In the past 100 years, human water demand increased eight times [1]. Human behavior
has become the most important factor that affects the natural water-cycling system, and its influence
even exceeds the limits of the environmental carrying capability of the earth, and it has brought
irreversible damages. [2] The conflict of water supply and demand is very serious in urban areas
with concentrated industries and population. Water resource has become an important factor [3] that
restricts social and economic development in the 21st century. Therefore, alternative water resources,
to supplement freshwater, are necessary to deal with water shortages [4,5].

Currently, the resources that can be used to replace water are desalinated water, rainwater
collection, reuse of stormwater, and recycled water [6], among which recycled water is collected from
wastewater treatment, is a stable resource and is not affected by seasons compared with stormwater

Water 2018, 10, 1282; doi:10.3390/w10091282 www.mdpi.com/journal/water

http://www.mdpi.com/journal/water
http://www.mdpi.com
https://orcid.org/0000-0001-6817-374X
http://www.mdpi.com/2073-4441/10/9/1282?type=check_update&version=1
http://dx.doi.org/10.3390/w10091282
http://www.mdpi.com/journal/water


Water 2018, 10, 1282 2 of 18

and rainwater. Meanwhile, its production requires less energy than desalinated water [7]. Moreover,
in the production period, recycled water can relieve the pollution of water environment in local
area. However, the public are disgusted by recycled water because its resource is wastewater, so the
acceptance degree of recycled water is lower than other water resources, because of health and indoor
environmental pollution concerns [8]. Therefore, when recycled water is used as alternative water
resource, the acceptance degree of local residents to accept recycled water reuse must be considered
seriously [9,10].

By the end of the last century, some scholars already realized the acceptance degree is the biggest
obstacle for the publicity of the reuse of recycled water, rather than backward technology [11,12].
Scholars have researched the factors that affect the acceptance degree of recycled water [13,14].
Gibson and Burton found the contact degree between the use of recycled water and the human
body is an important factor that affects the acceptance degree of the public to recycled water [15].
The public are disgusted with recycled water, which is known as the “yuck factor”, regarded as an
important index to predict the public attitude and acceptance degree toward the reuse of recycled
water [16–18]. Some scholars are committed to predicting the public’s attitude toward the reuse of
recycled water based on the differences of demographic indicators [19]. Some demographic indexes
such as gender, age and education degree are important indicators that can predict the risk perception
degree of the public toward the reuse of recycled water [20]. It is found that the public’s disgust toward
recycled water is positively correlated with their political conservation degree [21].

Besides, other personal factors such as cultural background and values can also influence their
decision-making on whether they will use recycled water. Environmental awareness and their attitude
to protect environment can be used to predict the acceptance intention of the public toward the reuse
of recycled water in some studies [22,23]. The degree of perceived behavioral control of the public
toward the reuse of recycled water and their trust on the organization that provide recycled water
are important factors that determine whether the public will accept the use of recycled water [24].
Some scholars have found measures to improve the public’s trust on water management department,
and their acceptance toward the reuse of recycled water, including environmental education [25] and
the mutual influences [26] among friends and family members, which improve the possibility for the
public to use recycled water. However, few studies have taken the altruistic nature of the reuse of
recycled water into consideration and have neglected whether the public’s altruistic motivation to
protect environment influences their behavior to use recycled water. Thus, in this paper, the altruistic
motivation of the public is considered as influential factor of their behavior to use recycled water.

According to the definition of Kollmuss et al., the behavior of individuals to relieve the
negative influences their behaviors have on natural environment consciously can be regarded as
pro-environmental behaviors [27]. Pro-environmental behaviors consider the nature of environmental
protection, which makes it different from common consuming behaviors [28,29]. To some extent,
their behaviors are driven by the motivation to protect the environment and do things that benefit
society. Therefore, the citizen’s behaviors to protect environment can be regarded as reflection of
altruistic motivation in the study of pro-environmental behaviors [30,31]. From the research of different
scholars on environmental protection behaviors, it can be found they basically agree that environmental
protection is an important motivation of residents to join environmental protection activities [32,33].
The reuse of recycled water could reduce the pollution of water environment and increase the supply of
water supply, which could further improve the local ecological environment, and even leave precious
natural resources for descendants by protecting water and its environment, thus realize the balance
among the intergeneration of water resource [34]. Because of the features of recycled water reuse, it is
considered in the pro-environmental behavior research [35–37]. Therefore, this research considered the
residents’ environmental protection motivation as a potential factor that affects the residents’ behavior
to use recycled water, and studied in-depth its generation mechanism and effectiveness.
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2. Research Model and Hypotheses

To find the influencing effect and the generation mechanism of residents’ environmental protection
behaviors in the reuse of recycled water, Norm Activation Model (NAM) [38] proposed by Schiwartz
and colleagues to explain the altruistic motivation of residents’ pro-social behaviors was used. In the
theoretical frame of NAM, personal norm represents the moral judgment of individuals on behaviors
and decisions, determines whether residents make moral judgments on altruistic behaviors, and further
affects the final behaviors of residents. Personal norm is activated by individual perception about the
possible consequences of behaviors that might do harm to society and attribution of responsibility
about bad consequences. Therefore, personal norm, consequence awareness and the attribution of
responsibility are three major elements of NAM, which constitute the basic theoretical model, as shown
in Table 1.

Table 1. Variable definition of NAM.

Variable Name Variable Definition

Personal Norm Could drive residents to carry out or avoid the moral norms of
specific behaviors

Awareness of Consequences The awareness about the influence of own behaviors on society

Ascription of Responsibility The sense of responsibility of bad consequences that have
negative effect on society because of personal behaviors

NAM has been used to explain pro-environmental behaviors and its prediction effect has been
recognized in numerous studies, but there are different opinions about the major components of the
model, and it can be concluded as three types below:

Consequence awareness and attribution of responsibility have been regarded as the moderating
variable that is used to regulate the influence of behavior decision. In this opinion, it is believed that
personal regulation has objective influence on behavior decision, but the consequence perception and
attribution of responsibility are not taken as the starting condition for personal moral rules; instead,
they are regarded as the moderating variable that could affect the influence degree of personal norms
on behavior decision. The mutual influences among latent variables can be found in Figure 1a.

Consequence awareness, attribution of responsibility and personal norms and behavior decisions
have been regarded as distant intermediary model that affect behavior decisions. This opinion affirms
the intermediary effect of personal norms on the attribution of responsibility and behavior decision
influence. Meanwhile, it is believed that the consequence awareness will have direct influence of
personal norms and will affect behavior decision indirectly. The mutual influences of latent variables
can be found in Figure 1b.

Consequence awareness and attribution of responsibility are the theoretical models for the
influence factors of personal norms. In this opinion, the negative consequences of behaviors and
attribution of responsibility are starting conditions for the regulation of personal moral rules. Besides,
the consequence awareness of personal norms and attribution of responsibility are regarded as the
attribution of responsibility that affects behavior decision indirectly. The mutual influences among
latent variables are shown in Figure 1c.

Based on previous studies on NAM, it can be found that personal norms have direct effects on
pro-social behaviors. However, researchers have different opinions about the relation of attribution
of responsibility, consequence awareness and personal norms. We believe that personal ethics can
be fully activated as long as residents admit their behaviors have negative influence on others and
think they should take responsibility for the consequences. In this way, they will present pro-social
behaviors or pro-environmental behaviors. Meanwhile, we think consequence awareness will affect
the residents’ judgment on who is responsible.
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NAM has been improved based on self-completion theory. According to self-completion theory,
residents tend to set up goals that suit their identities, and usually have a strong desire to make
the outcome conform to their identities through compensatory measures if they fail to reach their
goals. Numerous studies show this can protect their moral image [39]. Residents’ attitude toward
environment belongs to an element of personal moral image. According to self-completion theory,
residents will have strong desire to make their behaviors coincide with their moral images. Therefore,
when local residents realize the damages they bring to their environment, they tend to perform
compensatory environmental protections to maintain their moral images [40]. Studies have shown
that people tend to take compensatory measures and choose a green diet [41] when they recall what
they did has destroyed the environment. In this research context, when residents understand the
serious consequences of their actions on water environment, the compensatory measure they can take
is to accept and reuse recycled water. Thus, the modified standard activation model (improved norm
activation model) can be found in Figure 1d.
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Osterhus [42].

This study used first-hand data as reference and combined them with the characteristics in the
field of the reuse of recycled water to establish a NAM that is suitable for the reuse of recycled water.
Quantitative analysis was made regarding the direct and indirect influence of different indicators in
the model, which was then used to verify what influence environmental protection motivation has
on the decision making process of urban residents for the reuse of recycled water and to explain the
generation mechanism. Combined with the characteristics of reclaimed water reuse, consequence
awareness is defined as the residents’ awareness about water pollution caused by human activity.
The attribution of responsibility has been defined as the residents’ attribution of responsibility regard
to water pollution. Meanwhile, according to the definition of personal norms, the variable definition
of personal norms was defined as the motivation of residents to protect water environment. Based on
this understanding, a NAM was designed for the reuse of recycled water (see Figure 2).
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In view of the characteristics of the reuse of recycled water, the NAM was improved. First,
whether the data of the survey on the urban residents’ willingness to accept reuse of recycled water
have good fitting degree was confirmed.

Therefore, the corresponding assumptions are proposed in this paper.

Assumption 1. The improved NAM is suitable for the study on the reuse of recycled water.

Within the model framework, assumptions about the motivation of water environment protection
were proposed to explore different influence paths for the residents’ acceptance toward the reuse of
recycled water to use it as scientific reference to confirm the generation of the motivation to protect the
environment in the reuse of recycled water and corresponding effect mechanism.

Assumption 2. The residents’ attribution of responsibility about water environment pollution has positive
effect on the motivation to protect water environment.

Assumption 3. The consequence awareness of the residents about water pollution caused by human activities
has positive effect on their motivation to protect water environment.

Assumption 4. The consequence awareness of the residents about the water pollution caused by human activities
has positive effect on their acceptance to use the recycled water.

Assumption 5. The residents’ attribution of responsibility about water environment pollution has positive
effect on the motivation to protect water environment, and has indirect positive effect on their acceptance to use
recycled water.

Assumption 6. The consequence awareness of the residents about the water pollution caused by human activities
has positive effect on their motivation to protect water environment by affecting their attribution of responsibility
about water environment pollution indirectly.

Assumption 7. The consequence awareness of the residents about the water pollution caused by human
activities has positive effect on their motivation to protect water environment and thus indirect influence on their
acceptance toward the reuse of recycled water.

Assumption 8. The consequence awareness of the residents about the water pollution caused by human activities
has positive effect on their attribution of responsibility and motivation to protect water environment successively,
and has positive long-distance intermediary influence on their acceptance.
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3. Methodology

3.1. Data Collection

To acquire data for the study, a survey was performed in Xi’an. First, ten investigators received
trainings about related basic knowledge. During the period of 16 September–16 October 2016, random
investigations were made in the street, central plaza, shopping mall, and parks within different districts
and counties in Xi’an. The research sites can be found in Figure 3.
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In total, 714 questionnaires were released, and 584 questionnaires were collected, thus the
efficiency rate of the questionnaire is 82%. The basic information about the questionnaire participants
are shown in Table 2. Every participant was given one gift as souvenir [43].
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Table 2. Research sample description table.

Variable Name Variable Description Total

Age ≥43 120
<43 454

Gender
Male 127

Female 447

Educational background Bachelor degree or above 301
Other 280

Note: To avoid antipathy of the survey participants, private information is not compulsory, so some questionnaires
were found to be blank in this part. In many conditions, people are divided into two stages of age in China, young
and old, and 43 is always the age line [44].

3.2. Questionnaire Design

In the process of questionnaire design, researchers spent much time and energy finding
existing questionnaires in this field or in related fields to improve the validity and reliability of
the questionnaire [45–48]. Afterward, researchers referred to those questionnaires and then designed
the questionnaire that was used in this study. All data were obtained on a seven-point Likert scale.

ACC (Acceptability of Recycled Water). To find the most proper indicators to measure the
public’s acceptance toward reclaimed water reuse, the researchers referred to the classification of
sewage recycling types in the city sewage. Meanwhile, the different types of facilitates in cities
were used as evaluation indicators to measure the public’s acceptance toward reclaimed water reuse.
The measurement table for ACC is shown in Table 3.

Table 3. Measurement table for ACC.

Latent
Variable

Conceptual
Interpretation Question No. Question Item

ACC
Acceptability of
recycled water

ACC 1 Use recycled water for residential toilet flushing.
ACC 2 Use recycled water for urban road sprinkling.
ACC 3 Use recycled water for firefighting.
ACC 4 Use recycled water for residential greening.
ACC 5 Use recycled water for car washing.

AOC (Awareness of Consequences for the water environmental pollution caused by human
activities). According to the Schwartz, AOC can be explained as the awareness of possible harms that
can be made on others because of personal behaviors [49]. Considering of the function of recycled
water in improving water environment, the awareness of consequence owing to human activities to
water environment was measured. The measurement table for AOC is shown in Table 4.

Table 4. Measurement table for AOC.

Latent
Variable

Conceptual
Interpretation Question No. Question Item

AOC

Awareness of
consequences for the
water environmental
pollution caused by

human activities

AOC 1 The pollutant caused by human activities could
destroy the living environment of aquatic animals

AOC 2 Immoderate sewage discharge is an important
factor of the water environment pollution

AOC 3
The discharge of chemicals in our daily life like
washing powder and abstergent could have
serious pollution on water environment

Note: The design of this part of the questionnaire refers to Ref. [50].
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AOR (Ascription of Responsibility for the consequences of water environmental pollution).
Referring to Schwartz, and combining the features of the industry in the use of recycled water,
the definition of responsibility has been specified to the responsibilities about the damage and
protection of water environment in urban cities. The measurement table for AOR is shown in Table 5.

Table 5. Measurement table for AOR.

Latent
Variable

Conceptual
Interpretation

Question
No. Question Item

AOR

Ascription of
responsibility for the

consequences of water
environmental

pollution

AOR 1 Everyone of us shall be responsible for the damage
and pollution of water environment in the city we live

AOR 2 All urban residents shall take the responsibility to
protect the water environment in the city we live

AOR 3 Everyone of us are responsible for the damage of water
environment in the city we live

Note: The research that is referred in the design of this part [51].

EM (Environmental Motivation for water environmental protection). The moral obligation in
this study has been defined as the obligation to reduce pollutant discharge and protect the water
environment in regions. The measurement table for EM is shown in Table 6.

Table 6. Measurement table for EM.

Latent
Variable

Conceptual
Interpretation Question No. Question Item

EM
Environmental

motivation for Water
environmental

protection

EM 1 I think I have the moral obligation to protect the
water environment

EM 2 I think I should protect the water environment in
this place

EM 3 I think all of us should reduce the pollution of water
environment in our daily life

EM4 Base on my personal values, I have the responsibility
and obligation to protect water environment

Note: The design of this part of the questionnaire refers to Ref. [52].

4. Results and Discussion

Two models were used in SEM analysis: measurement narrates corresponding items and structural
model explains different latent constructs. Measurement model and structural model are usually
analyzed in two stages, so we first analyzed the validity of measurement model, and then assessed the
structural model to test the hypotheses of this research [53].

4.1. Measurement Model

In designing the structural equation model, Bentler’s advice was adopted. Samples were separated
into two parts to guarantee the credibility of the structural equation model: one was used for the
development of the model, while the other part was used to validate the model repeatedly [54].
Thus, 584 valid samples were divided into two parts [55]: 292 samples were used to develop the mode,
while the remaining samples were used to verify the model repeatedly. As Hair et al. mentioned,
the ratio between the samples and the observed variables in the structural equitation model basically
is within 1:10–1:15, and between 200 and 400 samples are appropriate [56]. This research included four
latent variables with 15 questions. Thus, to meet the requirements of sample number, 292 samples
were used in the model development.
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In the test of convergence validity, the tester adopted the suggestions of Fornell and Larcker. As a
result, the standardized factor loading, combined reliability (CR) and average variance extraction
(AVE) and other indicators were observed (please see Table 7 for the specific test values). From the
test results in Table 6, all standardized factor loading are greater than 0.6, and the non-standardized
tests are also important and obvious. Moreover, it was found that the CR values are greater than 0.7,
which meets the expectation of Fornell and Larcker, and Hair. Meanwhile, the AVE values are greater
or close to 0.5, which also meet the recommended standard of Fornell and Larcker. Therefore, it can be
summarized that each latent variable in the research has good convergent validity [57].

Table 7. Results for the measurement model.

Latent
Variable Title

Estimation of Parameter Significance Factor
Loading

Question
Reliability

Composite
Reliability

Convergent
Validity

Unstd S.E. t-Value p Std. SMC CR AVE

ACC

ACC1 1.000 0.907 0.823 0.957 0.816
ACC2 1.085 0.042 25.745 *** 0.917 0.841
ACC3 1.012 0.041 24.407 *** 0.899 0.808
ACC4 1.010 0.041 24.526 *** 0.900 0.810
ACC5 0.989 0.041 23.992 *** 0.893 0.797

EM

EM1 1.000 0.868 0.753 0.907 0.710
EM2 0.912 0.046 19.829 *** 0.891 0.794
EM3 0.832 0.052 15.853 *** 0.773 0.598
EM4 0.928 0.052 17.888 *** 0.833 0.694

AOR
AOR1 1.000 0.825 0.681 0.859 0.671
AOR2 0.936 0.064 14.621 *** 0.877 0.769
AOR3 0.857 0.064 13.435 *** 0.751 0.564

AOC
AOC1 1.000 0.674 0.454 0.785 0.554
AOC2 1.319 0.144 9.175 *** 0.879 0.773
AOC3 1.021 0.108 9.462 *** 0.659 0.434

Note: *** Significant at p < 0.001.

It is required to find out whether the square root of the AVE value for corresponding latent
variable is greater than other latent variables and other related coefficients based on the findings in
discriminate validity test according to Fornell and Larckers’ recommendations. Therefore, in Table 8,
it can be seen that the latent variables of the questionnaire have better discriminate validity.

Table 8. Discriminant validity for the measurement model.

AVE AOR AOC EM ACC

AOR 0.671 0.819
AOC 0.554 0.578 0.744
EM 0.710 0.639 0.419 0.843

ACC 0.816 0.351 0.400 0.478 0.903

Notes: The square root of AVE between the corresponding latent variables and the remaining variables are in bold,
and this can be regarded as Pearson correlation values between latent variables.

4.2. Structural Model

AMOS21.0 was used to test 292 samples (see Figure 4) and the data mentioned in this section
based on the verified reliability and validity of the data and the sample numbers. Besides, it also
verified the model simulation. Afterward, 292 remaining samples were used in the verification of
recycled water NAM repeatedly, which demonstrated the previous eight assumptions. Moreover,
the intermediary effect on the model was also analyzed. The structure model results are shown
in Figure 4.
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4.2.1. Model Fit Analysis

To test the goodness-of-fit of this model, we first need verified the theory with the structure
equation. If a better goodness-of-fit was obtained, it means the simulation model is very similar to
the actual situation of the sample. The structural equation was used in many studies according to
the review published by Jackson et al. [58]. Ten indicators were involved in various studies related
to fitting index, namely Chi-square, Degrees of freedom (df), Chi-square/df ratio, Root-mean-square
error of approximation (RMSEA), Standardized RMR; Goodness of fit index (GFI), Adjusted GFI,
Normed fit index (NFI), Tucker–Lewis index (TLI) and Comparative fit index (CFI), which are ranked
based on the frequency order in the report [58]. Thus, these 10 indicators were also used in this study.
Table 9 shows the specific fit indexes.

Table 9. Model fitting table.

Fitting Index Chi-Square df Chi-Square/df RMSEA SRMR GFI AGFI NFI TLI CFI

Measurement value 96.602 85 1.136 0.022 0.031 0.996 0.940 0.971 0.996 0.996

Therefore, the structural equation model has good fitting indexes, indicating that the model fits
the data well.

4.2.2. Cross-Validity Analysis and Hypothesis Testing

To test the cross-validity of the structural equation model, the group comparison method was
used, so 292 samples can be distributed randomly into the model, and a comparison can be made
between this model and the present mode to confirm the cross-group consistency of the structural
equation model. In testing the cross-group consistency, a tight replication strategy was used. This test
involves several issues, namely, whether the factor loading (Measurement Weights) is congruent,
whether the path coefficients (Structural Weights) are congruent, whether the factor co-variances
(Structural Co-variances) are congruent, and whether the structural residuals (Structural Residuals)
and measurement residuals (Measurement Residuals) are congruent. If the factor loading in the
two groups of models is the same and the model is right, then the test result will be p = 0.168,
which is greater than 0.05. It proves that cross-group consistency exists in the factor loading of the
structural model. Thus, to verify the consistency of the factor loading, we assumed the path coefficients
are consistent, so the test resulting p is 0.464, which is greater than 0.05. Therefore, it can be seen
that the factor covariance of the structural model has cross-group consistency. Thus, assuming the
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structural residuals in the model are congruent, then the rest resulting p is 0.476, which is greater
than 0.05, which proves cross-group consistency also exists in the structural residuals of the structural
model. Finally, we assumed the measurement residuals of the model are also congruent based on
the assumptions we mentioned above. Although the test resulting p is 0.000, which is less than
0.05, both the absolute values of ∆CFI and ∆TLI are less than 0.01. Therefore, we can conclude
that the measurement residuals of the structural model also have cross-group consistency in actual
situations based on Little’s recommendations [59]. With strict strategy used in the group consistency
test, most indexes in the model are congruent, so cross-group consistency exists in the two groups
within the structural model. That is, the structural equation model already passed the test of cross
validity, and the model settings are right.

After making model fit analysis, it can be found that structural equation model has great effect on
the recovery of original data. Meanwhile, from the results of cross-validity analysis, it was found that
the model can keep great consistency among sample groups that are divided randomly. Therefore,
Assumption 1 that represents the model fit degree is valid, that is, the improved NAM is suitable for
the study on the reuse of recycled water.

4.2.3. Direct Effect Analysis and Hypothesis Testing

The path coefficient was found after verifying the adaptability of the structural model in the
research on the reuse of the recycled water and then verifying corresponding assumptions. The path
coefficient for the structural model is shown in Table 10.

Table 10. Path coefficient for the structural model.

Path Name Standardized
Estimated Value

Non-Standardized
Estimated Value

Standard
Error t-Value p Significance

AOC→AOR 0.576 0.583 0.080 7.316 *** Significant
AOC→EM 0.077 0.075 0.071 1.057 0.291 Non-significant
AOR→EM 0.593 0.569 0.076 7.509 *** Significant
EM→ACC 0.376 0.867 0.148 5.875 *** Significant

AOC→ACC 0.239 0.535 0.151 3.541 *** Significant

Note: *** Significant at p < 0.001.

According to Table 10, the path coefficient of different dimensions in the structural equation
model has no significant influences on the AOC of water pollution and the motivation to protect water
environment. However, the other paths have significant effect on them, that is, there is significance
influence among corresponding latent variables.

According to the significance testing of path coefficient results, it can be found that the attribution
of responsibility about water pollution has positive effect on the motivation to protect water
environment. Meanwhile, the AOC of the residents about the water pollution caused by human
activities have positive effect on their acceptance to use recycled water, so Assumptions 2 and 4 are
valid. However, the residents’ AOC regarding to the water pollution caused by human activities
does not have significant effect on their motivation to protect water environments, so Assumption 3
is invalid.

4.2.4. Meditation Effect Analysis and Hypothesis Testing

The mediation effect is a critical statistical concept, and it has been applied in social sciences
frequently. Many scholars in this field collected relevant articles that were published in the two top
journals of social psychology from the period of 2005 to 2009 and found 59% and 65% of the articles
in the two journals use the mediation effect test [60]. The application of the mediation effect has
helped researchers to understand the influence and working mechanism of independent variables on
dependent variables better. In the test of mediation effect, Hayes’s suggestion was adopted and the
bootstrap method was used [61].
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(1) Testing of the mediation effect between AOR and ACC

According to the theoretical model, AOR only has one path AOR→EM→ACC, and Bootstrap
was used to judge whether this mediating effect is partial or complete. The mediation effect between
AOR and ACC is shown in Table 11.

Table 11. Test table of the mediation effect between AOR and ACC.

Point Estimate
Product of Coefficients

Bootstrapping

BC 95% CI Percentile 95% CI

SE Z Lower Upper Lower Upper

Indirect Effect
0.305 0.104 2.933 0.171 0.618 0.153 0.554

Direct Effect
0.066 0.086 0.767 −0.105 0.235 −0.103 0.242

Total Effect
0.371 0.089 4.169 0.237 0.599 0.230 0.573

Note: BC, CI, Indirect Effect and Direct effect refer to Bias-corrected, confidence interval, path AOR→EM→ACC
and path AOR→ACC, respectively, while samples in the test were obtained from 5000 times of Bootstrap.

In Table 11, the Z value of the path AOR→ACC is less than 1.96, which means this path has
significant mediation effect through coefficient product method. Meanwhile, the bootstrap method
shows the minimal value and maximal value of BC method and percentile methods contain zero.
Therefore, we confirmed path AOR→ACC does not have significant mediation effect.

Meanwhile, the path AOR→EM→ACC and the overall effect are significant (Z value is greater
than 1.96 and 0 is not included between Bias-corrected and Percentile), which means AOR→EM→ACC
has a complete mediating effect.

From the testing of Mediating Effect, it can be seen that the residents’ attribution of responsibility
for the water pollution will have positive effect on their motivation to protect water environment and
then have positive mediating effect on their acceptance toward the use of recycled water indirectly,
so Assumption 5 is valid.

(2) Testing of the mediation effect between AOC and EM

According to the theoretical model, the AOR can affect the EM through two paths:
AOC→AOR→EM and AOC→EM. Bootstrap was used to test the existence of mediating effect on the
two paths. The mediation effect between AOC and EM is shown in Table 12.

Table 12. Test table of the mediation effect between AOC and EM.

Point Estimate
Product of Coefficients

Bootstrapping

BC 95% CI Percentile 95% CI

SE Z Lower Upper Lower Upper

Indirect Effect
0.534 0.159 3.358 0.289 0.943 0.256 0.883

Direct Effect
−0.135 0.207 −0.652 −0.547 0.264 −0.556 0.259

Total Effect
0.399 0.203 1.966 0.033 0.834 −0.002 0.796

Note: BC is Bias-corrected; CI represents confidence interval; Indirect Effect refers to path AOC→AOR→EM;
Direct Effect refers to path AOC→EM; and samples were obtained by 5000 times of Bootstrap.
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Z value of path AOC→EM is less than 1.96 based (Table 12), which means the path has significant
mediation effect based on the coefficient product methods. Meanwhile, with the bootstrap method,
we found both the minimal value and maximal value of the bias-corrected method and the percentile
method includes 0.

Thus, AOC does not have significant direct effect on EM. Meanwhile, the path AOC→AOR→EM
and overall effect is significant (Z value is greater than 1.96, and 0 is not included between Bias-corrected
and Percentile), which means, although AOC does not have significant direct effect on EM, it still has a
direct effect on EM through AOR, so AOC→AOR→EM is a compete mediation.

From the testing of mediating effect, it was found that the resident’s AOC toward water pollution
caused by human activities has positive effect on their attribution of responsibilities, and an indirect
positive effect on their motivation to protect water environment, which means it has positive mediating
effect, so Assumption 6 is valid.

(3) Testing of the mediation effect between AOC and ACC

According to the theoretical model, AOC can have effect on the ACC through three paths:
AOC→ACC, AOC→EM→ACC and AOC→AOR→EM→ACC; Bootstrap was used to test the
existence of the mediating effect of the three paths, and compare their mediating effect. The mediation
effect between AOC and ACC is shown in Table 13.

Table 13. Test table of the mediation effect between AOC and ACC.

Path Name Point Estimate
Product of Coefficients

Bootstrapping

BC 95% CI Percentile 95% CI

SE Z Lower Upper Lower Upper

Direct effect
AOC→ACC 0.595 0.205 2.902 0.238 1.048 0.223 1.038

Indirect effects
EM 0.068 0.092 0.739 −0.105 0.261 −0.103 0.267

AOR&EM 0.313 0.112 2.795 0.161 0.649 0.139 0.584

Total Effect
TOTAL 0.975 0.241 4.046 0.572 1.528 0.563 1.513

Note: BC is Bias-corrected; CI represents confidence interval; EM refers to path AOC→EM→ACC; AOR&EM refers
to path AOC→AOR→EM→ACC; and samples were obtained by 5000 times of Bootstrap.

Table 13 indicates both Z values of the path AOC→ACC and AOC→AOR→EM→ACC are greater
than 1.96, which means there are significant mediation effects on both paths based on the test with
coefficient product method. Meanwhile, 0 is not contained in either minimal value or maximal value of
the bias-corrected method and the percentile method. Therefore, we conclude that there is significant
mediation effect of the influence path AOC→AOR→EM→ACC and significant direct effect of the
influence path AOC→ACC.

Meanwhile, the path AOC→EM→ACC has not been approved by coefficient multiplication
method (Z value is less than 1.96), Bias-corrected method and Percentile method (0 is included
between the minimum value and maximum value), which means the mediating effect of this path is
not significant.

From the testing of mediating effect, it was found that the residents’ AOC toward the water
pollution caused by human activities cannot have positive effect on their motivation to protect water
environment, but it has indirect positive effect on their acceptance toward the use of recycled water,
so Assumption 7 is invalid. The residents’ AOC toward the water pollution caused by human activities
will have positive effect on their AOR of water pollution and motivation to protect water environment
subsequently, and it has long-distance mediating effect on the acceptance degree, so Assumption 8
is valid.
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4.3. Discussion

Considering the use of recycled water can reduce environmental pollution and protect the
environment, the use of recycled water can be regarded as a kind of pro-environmental behavior. Thus,
the motivation of environmental protection should be considered when we researching the public’s
acceptance toward the use of recycled water. Moreover, NAM should be widely applied in the field to
explain and predict the pro-environmental behaviors. Besides, self-completion theory can be used to
improve NAM, while first-hand data can be used in the verification of assumptions.

5. Conclusions

Based on the above research, the following conclusions are drawn:
(1) NAM is applicable in the field that studies the acceptance behavior for the use of recycled

water, and personal moral regulations could have positive effect on the use of recycled water. NAM has
been used to interpret and predict numerous pro-environmental behaviors, while this study took
the lead in using NAM to interpret the acceptance degree of the use of recycled water, and has
achieved good outcomes. It also proved that personal moral norms influence the residents’ acceptance
toward the use of recycled water, which means the altruistic motivation that generates when people
are making decision to use the recycled water is also an important influential factor that convinces
others to accept the use of recycled water. Strengthening moral education and improving the citizens’
moral awareness about water environment might an effective measure for the use of recycle water,
other pro-environmental behaviors and technology promotion.

(2) It confirmed the path to activate individuals’ moral norms in the protection of water
environment, and found water pollution AOC will have indirect effect on the moral norms to protect
water environment through the attribution of responsibility. Although the basic framework of NAM
has long been recognized by the public, there are different opinions about the influence relation among
AOC, AOR and moral obligations. In this study, firstly, different opinions were summarized, and then
theoretical assumptions were proposed. Ultimately, it was found that the pollution AOR has positive
effect on people’s moral norms to protect the environment, while the AOC of pollution only has
indirect effect on moral norms through AOR. This indicated that the activation path of moral norms
has important effect on the acceptance to use recycled water and protect water environment, and also
illustrated it is impossible to activate the public’s moral norms to protect water environment if they
only realize the consequence of water pollution caused by human activities: they must realize their
personal responsibility to protect the environment and be aware of the consequence of pollution at the
same time. This explained the path that activates the moral norms to protect water environment in
detail and provided scientific reference to improve the public’s moral norms as well as their acceptance
to use recycled water.

(3) When people know the pollution that they bring to water environment, they will have a
self-complete motivation, and it will improve their acceptance toward the use of recycled water.
This study introduced self-complete theory into the typical theory model of NAM, and proposed the
theory that AOC of water environment will have positive effect on the acceptance to use recycled water
and confirmed the existence of the effect by testing the model fit and path coefficient. This conclusion
has made improvements on the traditional NAM framework, and provided new thought for the use
of recycled water, and the research fields of pro-environmental behavior and pro-social behaviors.
The improved recycled NAM can be seen in Figure 5.

(4) The theoretical model confirmed the generation mechanism of the guiding effect of
environmental protection motivation on the residents’ in using recycled water, and provided scientific
basis for making guiding policy to use recycled water. This study verified that improving residents’
awareness of environmental crisis and to protect water environment are effective methods that affect
their motivation to protect water environment, thus improving their acceptance to use recycled water.
Consequently, a path has been proposed to improve the residents’ motivation to protect environment,
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and embody it into the AOC and AOR of water pollution to provide scientific support for making
policies to guide urban residents to use recycled water.Water 2018, 10, x FOR PEER REVIEW  15 of 18 
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