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Abstract: The Integrated Water System (IWS) offers alternative water and sanitation services that
can potentially benefit rural communities experiencing water scarcity. The IWS described in this
study comprises three systems: The Rainwater Harvesting System (RWHS), Water Treatment System
(WTS), and Eco-Toilet System (ETS). RWHS and WTS make use of rainwater, which can be utilized
for several domestic uses, especially during wet season. ETS has several benefits to users including
promotion of environmental and public health, as well as food security. Despite the potential
benefits of the IWS components, the perceived acceptance of its users threatens the success of its
implementation. This study focuses on determining the significant factors that can influence the social
acceptance of IWS in the Municipality of Mulanay, Quezon Province, Philippines. This study considers
behavioral intention as an indicator of social acceptance of the IWS components. The framework of
this study is based on the combined technology acceptance model and theory of planned behavior
(C-TAM-TPB) concept. C-TAM-TPB was analyzed using Partial Least Square–Structural Equation
Modeling (PLS–SEM). The result of the C-TAM-TPB evaluation reveals that the user’s attitude towards
use (ATU), including its significant predictors, can promote behavioral intention towards use of the
IWS components. This study can further improve the development of IWS projects.

Keywords: water resource management; integrated water system; circular economy; water-food-
energy nexus; sustainability; C-TAM-TPB; PLS–SEM

1. Introduction

Water security remains a critical global issue due to the combined adverse environmental impacts
of anthropogenic activities and natural phenomena on water resources [1]. The United Nations recently
reported that nearly 2.1 billion people are deprived of adequate and safe water services and around
2.3 billion are still in need of proper toilet facilities [2].

In the Philippines, out of 1489 municipalities, 331 are included in the list of waterless
communities [3]. The Philippine Department of Interior and Local Government [3] defines communities
as waterless when at least 50% of the total poor population have no access to safe water supply and are
susceptible to waterborne diseases with high morbidity and mortality rates. Without proper treatment
of wastewater and feces-contaminated run-off, consumption of contaminated water can cause severe
malnutrition, and the presence of pathogens in wastewater can put populations at risk of infections,
such as gastro-intestinal illnesses and can result in death [4]. Pathogens in collected rainwater can also
result in infections. A solution to the challenges of clean water and sanitation is the primary objective
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of the sixth Sustainable Development Goal (SDG 6) of the United Nations 2030 Agenda for Sustainable
Development [2].

Alternative water resource management strategies that relate to water supply and sanitation are
now being sought to strengthen resilience and reduce the vulnerability of communities to water-related
issues. Omarova et al. [5] suggest that the decentralization of water management, monitoring of both
water supply and water use, and a tailor-made approach to each village are necessary to achieve the
SGD 6 objective of providing rural people with safely managed drinking water. Han et al. [6] presented
an integrated water and sanitation system that includes an innovative approach including a rainwater
harvesting system (RWHS), an eco-toilet, and a waterless portable private toilet (WPPT). This novel
integrated system was assessed and used in the control and prevention of mosquito-borne diseases
caused by poor sanitation and improper water management. A portable RWHS with a storage tank and
transportation system was built with a storage tank and transportation system. An eco-toilet adopted
the design presented by Hashemi et al. [7], while the WPPT has a human separation device that is
shaped like a box and can be folded for easy transport and assembly. This portable toilet includes a
coagulant in the urine storage region of the bag so that the bag can be reused several times.

Other papers also introduced a similar concept, which is referred to in this paper as the Integrated
Water System (IWS), an alternative water resource management concept, such as that proposed
Han et al. [6], which is based on a circular economy perspective [8,9]. Several studies have explored
different configurations of IWS to improve water resources [10,11]. In this paper, an IWS comprising three
systems—the Rainwater Harvesting System (RWHS), Water Treatment System (WTS), and Eco-Toilet
System (ETS)—is pilot-tested in a barangay in Mulanay, Quezon to determine the perceptions and use of
the IWS facility.

The IWS could be a sustainable solution as an alternative rural water resource management
system in Mulanay. Based on the initial findings of this study, the rainwater collected from RWHS and
WTS in Mulanay is suitable for certain domestic uses that do not involve direct human consumption
of rainwater (e.g., cleaning, washing, etc.) (See Appendix A: Table A1). On the other hand, studies
suggested that similar ETS schemes could help eliminate flushwater consumption, improve human
excreta management, provide alternative fertilizer and soil conditioners for agriculture, and alleviate
poverty [12,13]. Therefore, IWS could promote food, water, and energy security in the community.

Despite the potential societal benefits of IWS and its components, problems in its implementation
could arise from the perceived acceptance by its users. Previous studies [5–7] focused mainly on the
technical aspects of the IWS and presented the promising benefits of the technology. Although being
able to satisfy the technological needs of users is important, IWS should be socially accepted and
willing to be used by users to be adopted by a community.

According to Andersson [14] and Rahman et al. [15], local perceptions and attitudes toward
ecological sanitation and rainwater collection schemes, i.e., IWS components, are crucial in order to
design or improve such infrastructures into a more socially appropriate and sustainable water and
sanitation management solution in a target community. It is important to note that there is a risk that
people may not intend to use such technology because it is socially inappropriate for them. Thus,
this study aims to examine the social acceptance of potential IWS users by explicating their behavioral
intentions in using IWS components.

Studies have suggested that the social acceptability of a technology can be measured by determining
the users’ behavioral intentions [16,17]. One of the most effective methods for estimating a user’s
behavioral intention is utilizing the Technology Acceptance Model (TAM) [18]. This theoretical model
determines factors that can possibly influence the behavioral use of a technology, such as how users
perceived the functionality of the technology (i.e., its perceived usefulness and perceived ease of use)
and their attitude towards use of the technology. In the previous study of Ignacio et al. [19], the TAM
model was protracted by external variables (i.e., political climate, anxiety, and user demand). TAM was
widely used to study the potential adoption of various types of technologies: smart watches [20], digital
education technologies [21], and citizen centric technology [22]. Although TAM could potentially
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gauge the behavioral intentions of users of IWS, this model has some limitations, including the inability
to explain the influence of subjective norms and perceived behavioral control on a user’s’ behavioral
intention [23]. This gap could be addressed by the Theory of Planned Behavior.

Therefore, the main objective of this study is to determine, through an integrated TAM and TPB
framework, the factors that could influence the behavioral intention of the users of IWS components.
To our knowledge, such a perception study, in the context of IWS, has not been reported in the literature.
This perception study could elucidate factors that are important or appropriate to the social acceptance
of IWS in water scarce communities, such as in Mulanay. This research also proposes an analytical tool
that can be used for the social acceptance of IWS and other water and sanitation related technologies.
Hence, this study demonstrates the usefulness of PLS–SEM for the analysis of C-TAM-TPB data. Finally,
the empirical findings of this study could be used for the promotion of a water–energy–food nexus in
rural communities through IWS.

This paper is organized as follows. The following section provides details about the IWS project
implemented in Mulanay. Section 3 describes the methodology utilized in this study. Section 4 presents
the results and discussions. Finally, conclusions and recommendations are provided in the final section.

2. IWS Project in Mulanay

2.1. Study Area

The study was conducted in the municipality of Mulanay in Quezon Province, Philippines
(13◦31′20” N and 122◦24′50” E). Mulanay is 279 km away from the southeast of Manila and 142 km
away from Lucena City, the capital of Quezon Province. As of 2015, there about 53,123 people living
in the 420 km2 area of Mulanay, with a population density of 130 people/km2. Mulanay is one of
the identified 331 waterless municipalities in the Philippines. Based on the 2014 community-based
monitoring system data of Mulanay (CBMS 2014, Municipality of Mulanay, Quezon Province),
more than 80% of the local inhabitants have a limited water supply and nearly 50% lack access to at
least basic sanitation.

Shallow wells (<6 m) and springs are the main sources of water in communities farther from the
municipality’s town center—the ‘Poblacion’. More compact built up areas are found in the Poblacion
and follow a ribbon-type development along main roads. Interior areas bounded by these roads cover
mostly agricultural lands and dispersed dwelling units. Figure A1 in the Appendix A provides an
image (map) of this arrangement.

As seen in Table 1, the rainfall potential based on four (4) years of record (PAGASA, 2014–2017)
shows the latter half of the year with a higher monthly rainfall average, with September having the
highest volume and the month of April having the lowest.

Table 1. Average monthly rainfall from 2014–2017 in Mulanay, Quezon.

Month Monthly Average Rainfall (mm) Month Monthly Average Rainfall (mm)

January 70.975 July 131.85
February 28.7 August 87.1

March 35.25 September 201.25
April 21.05 October 70.45
May 21.2 November 80.43
June 76 December 142.17

(Source: PAGASA-Mulanay).

2.2. Focus Group Discussion and Social Preparation

A total of three (3) major meetings with the communities were carried out in Mulanay before the
Integrated Water System models were implemented in the pilot sites. This activity was conducted
to meet the potential participants (e.g., household beneficiaries and university administrators) and
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to discuss to the stakeholders of the project the project’s benefits and components. The project plan
was transparently presented to the stakeholders to elucidate the concepts and objectives of the IWS.
The focus group discussions (FGD) and social preparation meetings were facilitated in an interactive
manner to give the community insight into the objectives of the study.

The first FGD was an initial consultation meeting with the Local Government Unit of Mulanay.
This was undertaken on 30 November 2016 with about 14 participants. The main objective of this
activity was to identify the potential demonstration sites for the IWS project. In this first FGD,
the concept, project duration, and potential involvement of the local academic institution, as well as the
Local Government Unity of Mulanay on the IWS project, were discussed. The focus group nominated
the sites that are located near the municipal center so that the recipients could be well monitored.
The result of the FGD is discussed in Section 2.3.

The second FGD was held together with the community leaders (i.e., officials from the local
government unit, a local agricultural university, and the community village) on 11 February 2017 with
approximately 15 participants. This FGD focused on the criteria and process of improving the visibility
of the IWS project in the target study areas. This activity also involved discussion of the project and its
components. During the discussion, the focus group was able to contribute in determining the criteria for
the identification of potential household participants. Consequently, potential household beneficiaries
from the community village were identified. Hence, in order to ensure the full commitment of the
beneficiaries, a transparent presentation of the project in the target site was planned by the focus group.

Lastly, the third activity was a social preparation meeting with the community village. This activity
was held on 20 April 2017. There were 42 household representatives who attended this activity. This social
preparation was formulated as a result of the second FGD and focused on meeting the families in the
community village while sharing the details about the pilot project and its implementation. Further,
the community meeting also involved the discussion of the roles of the research team and the community
in the IWS project.

2.3. Site Selection

A stakeholders’ consultation meeting was attended by local community leaders (from the local
government, academe, and household sectors) for the site selection process. The 2 sites selected for the
case study are: (a) a community village in Barangay Butanyog, where 81.4% of the local inhabitants do
not have adequate access to clean water supplies, and 22.6% have limited access to sanitation facilities;
and (b) a local agricultural university in Barangay Sta. Rosa, where nearly 50% do not have a safe
water supply and nearly 30% do not have sanitary toilets.

2.4. Components of the Integrated Water System

The proposed Integrated Water System (IWS) is an alternative approach that aims to augment the
availability of domestic water supply during wet seasons (approximately from June to November), as well
as to reduce the water consumption of toilets. The IWS operates three different major components: (a) a
rainwater harvesting system (RWHS) with storage, (b) a low-cost water treatment system (WTS), and (c) a
waterless Eco-Toilet System (ETS). The design of the IWS utilized in this study is presented in Figure 1.

This configuration of IWS introduced the following purpose and benefits: improved access to
water supply and proper sanitary toilets, water conservation and pollution prevention, proper human
excreta management, nutrient recovery, food security, and poverty alleviation.

A total of three (3) IWS units were introduced and installed in the 2 selected sites: one (1) model
unit for public use and one (1) unit for private use in a volunteering household in the community
village; and one (1) larger unit for public use in the local agricultural university.



Water 2019, 11, 1593 5 of 23
Water 2019, 11, x FOR PEER REVIEW 5 of 24 

 

 

Figure 1. Design of the Integrated Water System (IWS). 

2.4.1. Rainwater Harvesting System (RWHS) 

The RWHS included three (3) fundamental processes—catchment, diversion, and storage. A 

process flow diagram describing the unit operations used for rainwater harvesting is illustrated in 

Figure 2a. 

The catchment process was simply done by collecting rainwater from the rooftop. The rainwater 

from the gutter passed down through an assembly rain collector for the initial diversion. The net 

mesh screen filtered possible contaminants, such as leaves, twigs, and other large solids. The initially 

filtered rainwater entered a standpipe called first-flush diverter. At the beginning of the rainfall, the 

first flush from the rooftop contained most of the higher concentration of contaminants. The first-

flush diverter allowed the removal of particulates, such as dust, small fecal matter, and other smaller 

debris, through gravity settling (or sedimentation). The first flush can be drained away from the 

standpipe during the event of rainfall. The contaminants at the bottom of the standpipe could also be 

diverted from the outflow pipe. The outflow pipe would draw the diverted rainwater into the storage 

tank. An overflow pipe was also installed on the storage tank in case an excessive amount of water 

enters the storage. Overflow rainwater was either recycled to the storage or withdrawn from the 

system. 

 

Figure 2. Process flow diagram for the (a) rainwater harvesting system (RWHS) and (b) water 

treatment system (WTS). 

Figure 1. Design of the Integrated Water System (IWS).

2.4.1. Rainwater Harvesting System (RWHS)

The RWHS included three (3) fundamental processes—catchment, diversion, and storage. A process
flow diagram describing the unit operations used for rainwater harvesting is illustrated in Figure 2a.

The catchment process was simply done by collecting rainwater from the rooftop. The rainwater
from the gutter passed down through an assembly rain collector for the initial diversion. The net mesh
screen filtered possible contaminants, such as leaves, twigs, and other large solids. The initially filtered
rainwater entered a standpipe called first-flush diverter. At the beginning of the rainfall, the first flush
from the rooftop contained most of the higher concentration of contaminants. The first-flush diverter
allowed the removal of particulates, such as dust, small fecal matter, and other smaller debris, through
gravity settling (or sedimentation). The first flush can be drained away from the standpipe during the
event of rainfall. The contaminants at the bottom of the standpipe could also be diverted from the
outflow pipe. The outflow pipe would draw the diverted rainwater into the storage tank. An overflow
pipe was also installed on the storage tank in case an excessive amount of water enters the storage.
Overflow rainwater was either recycled to the storage or withdrawn from the system.
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2.4.2. Water Treatment System (WTS)

Rainwater may still contain suspended solids after the first flush diversion process. This could
pose risks to public health when used for general cleaning and, especially, when consumed without
prior adequate treatment. Hence, sand filtration was utilized as the water treatment system approach.
The harvested pre-treated rainwater was trickled down to the sand filtration unit through a pipe
diffuser unit. The configuration of the filter consists of a top (fine sand (<0.7 mm)), a middle (fine
gravel (0.7–6 mm)), and a bottom (coarse gravel (6–12 mm)). The summary of this process is illustrated
in Figure 2b. It should be noted, however, that the WTS for this study is intended for general use in the
household and not for consumption as potable water.

2.4.3. Eco-Toilet System (ETS)

The ETS was designed to collect, treat, and reuse human excreta without using water in the
processes. With appropriate treatment, the ETS could convert human urine and feces into liquid
fertilizer and soil conditioner. Human urine and feces contain valuable materials, such as nutrients,
which can be recovered and reused for agricultural production. The ETS has four main components:
the superstructure, urine-diverting toilet, composting chamber, and urine storage.

In this study, ETS involved three (3) basic processes in the sanitation cycle. These processes
included urine diversion, storage and treatment, and application to agriculture. Urine and feces
directly entered two separate containers for storage and treatment. The urine was piped down to a
closed high-density polyethylene (HDPE) container for hygienization [24] while feces fell down to
a chamber for aerobic composting. During the collection and storage of urine, the containers were
tightly sealed to avoid the release of phosphorus precipitates and ammonia vapor. The relationship
between the materials’ flow and ETS is presented in Figure 1.

3. Methodology

3.1. Research Framework, Variables, and Hypotheses

This study focused on behavioral intention as a measurement of the social acceptability of the
Integrated Water System in Mulanay using the Combined Technology Acceptance Model and Theory
of Planned Behavior (C-TAM-TPB) framework.

C-TAM-TPB is an integrated model of two decision-making theories—information systems theory
(technology acceptance model) and the theory of planned behavior. C-TAM-TPB was established by
Taylor and Todd to interrelate TAM and TPB, thereby forming a more powerful technique for predicting
consumers’ behavioral intentions [25–27]. Both TAM and TPB are used to assess the behavioral
intentions of consumers (or users) of new technology. The assumption of TAM is that the behavioral
intentions of consumers towards use of a new technology depends on the perception of how the
new technology works for them. In TPB, the assumption is that behavioral intention is based on the
influence of the beliefs and norms of consumers. Hence, C-TAM-TPB considers both assumptions.
Each variable was described by their respective measurement items presented in Tables A3 and A4 in
the Appendix A.

The research framework, variables, and hypotheses adopted in this study were based on previous
research [19] that focused on ETS only. These elements are presented in Figure 3 and Table 2. However,
aside from ETS, the current study holistically included and explicated the social perception of the
other components of IWS, i.e., RWHS and WTS. Moreover, the results of the current study utilized
Partial Least Squared-Structural Equation Modeling (PLS–SEM) instead of multiple linear regression
for the analysis.
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Table 2. Research variables and hypotheses.

Dependent Variable Independent Variables Hypotheses

Perceived usefulness

Political climate H1 PC has a direct effect on PU
Anxiety H2 ANX has a direct effect on PU

User demand H3 UD has a direct effect on PU
Perceived ease of use H4 PEU has a direct effect on PU

Perceived ease of use
Political climate H5 PC has a direct effect on PEU

Anxiety H6 ANX has a direct effect on PEU
User demand H7 UD has a direct effect on PEU

Attitude towards use
Perceived usefulness H8 PU has a direct effect on ATU
Perceived ease of use H9 PEU has a direct effect on ATU

Behavioral intention
to use

Perceived usefulness H10 PU has a direct effect on BIU
Attitude towards use H11 ATU has a direct effect on BIU

Perceived behavioral control H12 PBC has a direct effect on BIU
Subjective norms H13 SN has a direct effect on BIU

PLS–SEM is a second-generation multivariate technique for evaluating structural models [28],
such as those of the C-TAM-TPB. Although similar to the multiple linear regression method, PLS–SEM
has several advantages. These advantages include convenience, flexibility, and the ability to explain
more information, such as the predictive relevance and indirect effects of the variables.

Multiple linear regression is a powerful technique for estimating the variance in an interval
independent variable based on the linear combination of interval independent variables [29].
This method can also predict the coefficients and standard errors—the relationship between at
least one independent variable and a dependent variable. PLS–SEM mostly likely functions the same.
However, the multiple linear regression method has to be performed in sequential steps of ordinary
least squares regressions. In PLS–SEM, the analysis of all variables can be performed simultaneously,
thus, relatively, consumes less time on the analysis. Therefore, the practicality of the procedure was
considered as a strong factor for utilizing PLS–SEM instead of multiple linear regression.

PLS–SEM assumes that the data are not normally distributed [20]. Hence, this technique utilizes a
non-parametric bootstrapping procedure to test the hypotheses. In bootstrapping, the original samples
are replaced by random repeated multiple subsamples to generate bootstrap samples. These bootstrap
samples are used to estimate the level of significance of the path coefficients.

Further, aside from the assessment of each path coefficient through bootstrapping, in PLS–SEM,
the significance of the indirect effects of each variable on endogenous variables can also be verified [30].
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Moreover, the behavior of exogenous variables on endogenous variables can also be predicted
in PLS–SEM using a blindfolding process [31]. This can serve as a guide to improve the model.
In conclusion, these are some of the limitations of multiple linear regression that PLS–SEM can address.

In this study, analysis of C-TAM-TPB using the PLS–SEM method is applied in three major steps
(Figure 4).
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3.2. Survey Instrument

A survey instrument was developed to investigate the social acceptability (based on the behavioral
intention) of the users of IWS. The questionnaire was divided into five (5) sections: (1) a consent
form and declaration if illiterate (approved by the Research Ethics Office of De La Salle University,
Manila), (2) a demographic profile of the respondents, (3) a general questionnaire, (4) a C-TAM-TPB
questionnaire for RWHS with WTS, and (5) a C-TAM-TPB questionnaire for ETS. All questionnaires
were translated into the Filipino vernacular used in the study area.

3.3. Measurement Scale and Measurement Items

All C-TAM-TPB questionnaire items were scored using a 5-point Likert scale (1 = strongly
disagree; 2 = moderately disagree; 3 = neutral/undecided; 4 = moderately agree; 5 = strongly agree).
The measurement items for each construct were depicted in Appendix A: Tables A2 and A3. For RWHS
with WTS, 3 measurement items for political climate, 3 for user demand, 4 for anxiety, 2 for perceived
usefulness, 2 for perceived ease of use, 2 for attitude towards use, 3 for perceived behavioral control,
2 for social norms, and 3 for behavioral intention towards use of the technology were used to evaluate
each construct. For ETS, 3 measurement items for political climate, 5 for user demand, 5 for anxiety,
2 for perceived ease of use, 3 for perceived usefulness, 3 for attitude towards use of the technology,
3 for perceived behavioral control, 3 for subjective norms, and 2 for behavioral intention to use the
technology were considered for the evaluation of each construct.

3.4. Data Collection

For this study, a non-probability convenience sampling approach was utilized for collecting data
in the study areas. Survey activity was conducted in two sites: a settlement village with 2 IWS units and
an agricultural university with 1 IWS unit. Questionnaires were distributed to the target respondents.
A total of 196 questionnaires were distributed, with 59 participants from the settlement village and 137
from the local agricultural university.
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3.5. Data Analysis

The data were analyzed using 2 different software packages: Statistical Package for the Social
Sciences (SPSS) ver. 16 (SPSS Inc., Chicago, IL, USA) and SmartPLS 3 [32] for C-TAM-TPB data. Using
SPSS ver. 16, the responses on demographic and general questionnaires were examined by a descriptive
statistics analysis and a non-parametric test (Mann–Whitney U-test). The descriptive statistics analysis
was used to present frequency and ratio. On the other hand, the Mann–Whitney U-test was used to
compare the responses of the two groups. In addition, SmartPLS 3 was utilized to run the Partial
Least Square-Structural Equation Modeling (PLS–SEM) for the analysis of the C-TAM-TPB framework.
SmartPLS 3 can generate all data needed to assess the measurement model and structural model.

Measurement model assessment was used to test the convergent validity of the measurement
items and the discriminant validity of the constructs. Construct validity examines the factor loading,
Cronbach’s alpha, average variance extracted (AVE), and composite reliability (CR) of the measurement
items, and constructs, while the discriminant validity tests the unidimensionality of the constructs.
On the other hand, structural model evaluation (i.e., Partial Least Square—Structural Equation
Modeling) based on bootstrapping was used to test the research hypotheses. The effect size and
predictive relevance of the model were also measured.

4. Results and Discussion

4.1. Demographic Profile of Valid Respondents

The demographic profile of the valid respondents is presented in the previous study [19]. However,
only 27 returned questionnaires from the university community were incomplete and were taken out from
the data analysis. Hence, the combined numbers of the valid questionnaires from the two community
groups formed a total of 169 sets of valid questionnaires for the analysis. Therefore, the succeeding
discussions reflect the aggregated responses of the household and university communities.

4.2. Community Water Sources

A set of questions, with the objective of learning the current status of the water resources in
Mulanay, was given to the respondents (N = 169). Most respondents reported that the main source
of their water for their daily consumption is from a piped water household connection by water
concessionaires (n = 151). Other sources include piped water from a communal point (n = 141),
stand-alone water (n = 140), a water refilling station (n = 100), a private well (n = 71), neighbors (n = 71),
and bottled water (n = 2). A summary of this information is presented in Table 3.

Table 3. Water sources for daily consumption in Mulanay.

Water Sources Actual Count

Piped water household connection 151
Stand-alone water 140

Piped water with a communal water point 141
Water refilling station 100

Private well 71
Neighbors 71

Bottled water 2

4.3. Socio-Economic Considerations

According to the Rapid Community Based Monitoring System (RCBMS) of Mulanay in 2014,
83.13% of the municipality’s population do not have access to safe water supplies. From this data,
81.42% of residents of Butanyog and 46.68% of Sta. Rosa do not enjoy this human right.

In Table 4, the median scores show that both respondents from household and university
communities agree that there is a possibility that Mulanay will face a water shortage in the near future.
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Another survey question was carried out, and the results revealed that 57% of the respondents think
that they do not have enough of a water supply. Hence, both community groups strongly agree that
water should be conserved.

Table 4. Comparisons of opinions on water-related issues in Mulanay by group type.

Questionnaire Item

Community Type (Respondents)
p-Value of

Mann–Whitney
U-Test

Households University

Mean Rank Median Mean Rank Median

1. There is a possibility of a water
shortage in Mulanay in the near future. 85.26 4.00 84.86 4.00 0.957

2. Conserving water is important. 76.68 5.00 89.46 5.00 0.005
3. Water bills should be kept low. 82.23 5.00 86.49 5.00 0.534

* p-value < 0.05 (significant).

The results of the previous study support this information [19]. Findings show that the Mulanay
community is seeking green technology that can provide opportunities to save water, e.g., eco-toilet
system. Such an approach can benefit the Mulanay community, especially during dry seasons when
water becomes scarcer. Although the median scores were identical, the Mann–Whitney U-test showed
that there was a significant difference between the responses of the two community groups. The test
revealed that the university group expressed stronger agreement about water conservation.

Moreover, 46.03% of Mulanay’s population does not have proper sanitary toilets based on the
RCBMS (2014). The survey says that majority of the respondents (83.4%) in Mulanay think that their
primary water supply is not fit for drinking (Table 5). For this reason, many of the respondents (about
60%) rely on drinking water from water refilling stations for regular consumption (Table 3), despite the
associated costs.

Table 5. Community’s perception of water supply by group type.

% Frequency

Primary Water Supply Is Adequate Primary Water Supply Is Fit for Drinking

Yes No Yes No
Households 45.8 54.2 30.5 69.5
University 41.8 58.2 9.1 90.9

Total 41.2 56.8 16.6 83.4

p-value (Chi-Square) 0.622 0.000 *

* p-value < 0.05 (significant).

Besides the availability of clean water, the affordability of water poses another issue. Water
consumption and its opportunity costs depend on the consumption patterns of the consumers. Table 3
shows that majority of the respondents (n = 151) spend money on a private piped water connection
provided by a water concessionaire. Based from the survey, the mean cost of the water bills in Mulanay
can roughly reach Php 236.09 per month. However, the charges to from these water services are deemed
‘expensive’ by more than 50% of the respondents. With approximately 25% of the residents with
income below the poverty threshold, water opportunity costs may be challenging to the marginalized
population in Mulanay. The median scores presented in Table 4 show that the respondents strongly
agree with the idea that water bills should be kept low so that more people can afford water and benefit
from improved water services.

4.4. Empirical Findings on C-TAM-TPB as PLS–SEM Model

The Combined Technology Acceptance Model and Theory of Planned Behavior (C-TAM-TPB) is
used as the theoretical foundation for the evaluation of the perceived acceptance of the potential users of
IWS in Mulanay. The model was analyzed using Partial Least Square—Structural Equation Modeling
(PLS–SEM). The results were presented in two cases: Case 1 for RWHS with WTS and Case 2 for ETS.
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Case 1: RWHS with WTS

First, the measurement models were analyzed. Each construct has its own respective indicators
(measurement items). Factor loading, composite reliability (CR), average variance extracted (AVE),
Cronbach’s alpha (α), and Fornell and Larcker criteria are used to estimate the composite and
discriminant validity, as well as the reliability of the measurement models.

According to Hair et al. [33], the recommended threshold value for factor loading, composite
reliability, and Cronbach’s alpha is 0.70. For average variance extracted (AVE), which is used to assess
the convergent validity of the construct, the threshold value recommended by Fornell and Larcker [34]
is 0.50. All items with measurements below the threshold values will be deleted and not included in
the further analyses.

In Table 6, all items satisfied the recommended ranges for all parameters except the following:
in factor loading, ANX1, ANX5, PBC1, PBC3, and PBC4; in AVE, perceived behavioral control;
in Cronbach’s alpha, perceived behavioral control and behavioral intention towards use. Ideally, as a
rule of thumb, all items should be equivalent to or above the recommended values. Otherwise, these
items should be deleted prior to the next part of the analysis. However, it is important to examine the
problematic variables prior to the elimination of items.

Table 6. Reliability and convergent validity analysis (for RWHS with WTS).

Construct Indicator Mean Standard
Deviation

Factor
Loading

Composite
Reliability

(CR)

Average
Variance

Extracted (AVE)

Cronbach’s
Alpha (α)

Political Climate
PC1 4.083 0.919 0.870

0.889 0.728 0.814PC2 4.343 0.814 0.857
PC3 4.219 0.832 0.832

Anxiety

ANX1 2.84 1.111 0.677

0.882 0.603 0.831
ANX2 2.964 1.008 0.821
ANX3 2.822 0.993 0.904
ANX4 2.680 0.932 0.839
ANX5 2.858 0.963 0.603

User Demand

UD1 3.846 0.792 0.708

0.889 0.669 0.844
UD2 4.201 0.781 0.935
UD3 4.231 0.857 0.811
UD4 4.314 0.858 0.803

Perceived
Usefulness

PU1 4.686 0.598 0.944
0.946 0.898 0.886PU2 4.645 0.599 0.951

Perceived Ease of
Use

PEU1 4.456 0.661 0.899
0.897 0.814 0.771PEU2 4.414 0.657 0.905

Attitude Towards
use

ATU1 4.556 0.669 0.812
0.880 0.710 0.796ATU2 4.308 0.746 0.868

ATU3 4.243 0.781 0.848

Perceived
Behavioral

Control

PBC1 3.302 0.972 0.636

0.716 0.411 0.629
PBC2 3.438 0.941 0.904
PBC3 3.953 0.791 0.542
PBC4 4.024 0.761 0.354

Subjective
Norms

SN1 4.373 0.677 0.898
0.931 0.819 0.890SN2 4.355 0.674 0.939

SN3 4.491 0.654 0.876

Behavioral
Intention to Use

BIU1 3.722 1.071 0.811
0.829 0.708 0.600BIU2 4.491 0.654 0.871

For example, it can be observed that ‘perceived behavioral control’ and ‘behavioral intention
towards use’ suffer from low Cronbach’s alpha measures, which could be an indication of the
non-unidimensionality of the measurement items used in the questionnaire of each construct. Thus,
these measurement items possibly do not represent the constructs appropriately. Therefore, indicators
with low factor loading coefficients (<0.70) must be removed. However, according to some studies,



Water 2019, 11, 1593 12 of 23

there are some exemptions to this standard range. Some values nearly below the ideal acceptable
range can be accepted for analysis in certain conditions. In 2010, a study by Hair et al. [33] suggested
that the factor loading threshold can be adjusted down to a cut-off value of 0.50. The authors argued
that this tolerable minimum value is reasonable for exploring behavioral studies.

In the case of the construct Perceived Behavioral Control, some parameters are below the
recommended acceptable ranges. If the tolerable minimum factor loading value (0.500) is utilized, PBC1
(0.636) and PBC3 (0.542) can still be used for the next part of the analysis. Moreover, it can also be
observed that the AVE (0.411) and Cronbach’s alpha (0.629) of the construct are low. A solution for such
a situation was also addressed by Hair et al. [33]. The study of Hair et al. [33] suggests that a Cronbach’s
alpha within a range of 0.60 to 0.70 can still be accepted for analysis. Thus, when used in this study,
the construct will not be eliminated. Although this standard is not ideal for some researchers, many
publications still consider these values for analysis. However, to be acceptable, certain limitations of
these measurements must be addressed, and the results of other parameters must also be observed.

Certain deviation from the standards could be applied to some conditions. In reference to the
recommendations of Fornell and Larcker [34], although the AVE reading is below the 0.50 threshold,
this value can still be acceptable, provided that the composite reliability (CR) is above 0.60. However,
an AVE below the lowest tolerable (0.40) will no longer be accepted. Based on the results, the CR (0.716)
value for the Perceived Behavioral Control satisfies the conditions of Fornell and Larcker.

The minimum tolerable Cronbach’s alpha value (0.60) was utilized for the Behavioral Intention
to Use. It is reasonable to accept the Cronbach’s alpha reading for Behavioral Intention (0.600), since
other parameters (factor loading, CR, and AVE) are within highly acceptable ranges.

Table 7 confirms the discriminant validity of all remaining constructs. The cross-loadings of each
construct can be computed by calculating the square root of AVE per construct. According to Fornell
and Larcker [34], the cross-loadings of each construct (presented by the underlined numbers) must be
higher than their respective AVEs to confirm discriminant validity. This means that all questionnaires
used to evaluate the constructs are suitable for representing each of their corresponding constructs.

Table 7. Fornell–Larcker Criterion (for RWHS with WTS).

AVE PC ANX UD PU PEU ATU PBC SN BIU

PC 0.728 0.853
ANX 0.603 −0.075 0.777
UD 0.669 −0.037 0.059 0.818
PU 0.898 0.325 −0.084 −0.032 0.948

PEU 0.814 0.283 −0.173 −0.047 0.467 0.902
ATU 0.71 0.561 −0.108 −0.14 0.496 0.467 0.843
PBC 0.411 0.038 −0.014 0.427 0.102 0.016 −0.075 0.641
SN 0.819 0.338 −0.231 −0.033 0.565 0.704 0.51 −0.004 0.905
BIU 0.708 0.158 −0.164 0.016 0.136 0.18 0.329 0.124 0.267 0.841

The estimation of the inner measurement model or structural model is used to predict the
relationships among the constructs. Structural model assessment is also used to test the hypotheses
of this study (Table 2). Several parameters were examined for the assessment of the structural
model. Hair et al. [33] suggest the following parameters: β, t-values, p-values, effect size f2, R2, VIF,
and predictive relevance Q2. Bootstrapping with resampling of 500 repeated subsamples was also
conducted in the analysis.

Table 8 shows that out of thirteen hypotheses, only five were accepted. In summary, the Perceived
Ease of Use (H4) was found to be a significant predictor of Perceived Usefulness, Political Climate (H5)
for Perceived Ease of Use, both Perceived Usefulness (H8) and Perceived Ease of Use (H9) for Attitude
Towards Use, and Attitude Towards Use (H11) for Behavioral Intention. The significant path of H4
means that the target users should feel the convenience, ease of use, and learnability of the RWHS
and WTS for them to feel that the technology is suitable for their needs. Their perception of ease of
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use, on the other hand, could be significantly influenced by how their local leaders act towards the
technology and the problems that it aims to solve (Path H5). In other words, potential users may
deem this technology easy and convenient if the government recommends such an approach to the
community. Further, potential users could gain more positive attitudes if they find the RWHS and WTS
uncomplicated and can increase their performance in terms of improving their water supply (Path H8).
Lastly, the findings confirmed that behavioral intention is determined by the attitudes of the target
users toward the RWHS and WTS (Path H11).

Table 8. Path Coefficients and model quality assessment (for RWHS with WTS).

Construct Predictor H B t-Value p-Value Decision f2 R2
adj VIF Q2

Perceived
usefulness

Political climate H1 0.135 1.644 0.101 Reject 0.035

0.519

1.089

0.060
Anxiety H2 0.045 0.878 0.380 Reject 0.004 1.034
User demand H3 0.003 0.036 0.971 Reject 0.000 1.116
Perceived ease of use H4 0.685 12.183 0.000 Accept 0.896 1.005

Perceived
ease of use

Political climate H5 0.271 3.466 0.001 Accept 0.081
0.088

1.007
0.441Anxiety H6 0.045 0.878 0.020 Reject 0.025 1.009

User demand H7 −0.028 0.284 0.776 Reject 0.001 1.005

Attitude
towards use

Perceived usefulness H8 0.333 2.747 0.006 Accept 0.074
0.263

2.050
0.179Perceived ease of use H9 0.229 2.278 0.023 Accept 0.035 2.050

Behavioral
intention to

use

Perceived usefulness H10 −0.144 1.852 0.065 Reject 0.015

0.134

1.649

0.083
Attitude towards use H11 0.317 3.562 0.000 Accept 0.079 1.503
Perceived behavioral control H12 0.164 1.491 0.081 Reject 0.134 1.033
Subjective norms H13 0.187 1.746 0.137 Reject 0.025 1.639

Based on the regression analysis, 51.9% of the variance in Perceived Usefulness can be explained
by the variable Perceived Ease of Use, 8.88% of the variance in Perceived Ease of Use can be explained
by the Political Climate, 26.3% of the variance in Attitude Towards Use can be explained by the
variables Perceived Usefulness and Perceived Ease of Use, and, lastly, 13.4% of the variance in the
Behavioral Intention to Use can be explained by the Attitude Towards Use. However, the adjusted
R2 values for Perceived Ease of Use and Behavioral Intention are low, indicating a weak relationship
between constructs. These values are usually anticipated in such a study, since human behavior is
fairly unpredictable. Meanwhile, regardless of the low adjusted R2 readings, significant predictors
such as Political Climate (β = 0.271, t = 3.466, p < 0.050) and Attitude Towards Use (β = 0.317, t = 3.562,
p < 0.050) can still draw a significant trend for Perceived Ease of Use and Behavioral Intention to
Use, respectively.

In Table 9, the indirect effects of the significant constructs were presented. For Political Climate,
although it was a significant predictor of Perceived Ease of Use, it showed no significant indirect
effects on paths heading to Attitude Towards Use and Behavioral Intention to Use. On the other hand,
all other remaining variables on their respective paths, indicated on the same table, had significant
indirect effects, accordingly. This means that some variables mediate the relationship of an exogenous
variable and an endogenous variable. For Perceived Ease of Use, Perceived Usefulness mediated its
indirect relationship to Attitude Towards Use. In addition, both Perceived Usefulness and Attitude
Towards Use mediated its relationship to Behavioral Intention to Use. In another path, Attitude
Towards Use mediated Perceived Usefulness and Behavioral Intention. Lastly, Attitude Towards Use
acted as mediator of Perceived Usefulness and Behavioral Intention to Use.

Table 9. Indirect effects of the mediating variables (for RWHS with WTS).

Path t-Statistics p-Value Decision

Political climate→ Perceived ease of use→ Attitude towards use→ Behavioral
intention to use 0.899 0.369 Reject

Political climate→ Perceived ease of use→ Attitude towards use 1.004 0.316 Reject
Perceived ease of use→ Perceived usefulness→ Attitude towards use→ Behavioral
intention to use 2.226 0.026 Accept

Perceived ease of use→ Perceived usefulness→ Attitude towards use 3.240 0.001 Accept
Perceived ease of use→ Attitude towards use→ Behavioral intention to use 1.974 0.049 Accept
Perceived usefulness→ Attitude towards use→ Behavioral intention to use 2.044 0.041 Accept
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Additionally, the f2 values estimate the relative effect sizes of each predictor. Cohen (1988)
considers f2

≥ 0.35 to describe predictors with a large effect, 0.35 > f2
≥ 0.15 for medium effect, and

0.15 > f2
≥ 0.02 for a small effect. As significant predictors, Perceived Ease of Use has a large effect on

Perceived Usefulness with an f2 reading of 0.896; Political Climate has a small effect on Perceived Ease
of Use (f2 = 0.081); Perceived Usefulness and Perceived Ease of Use have a small effect on Attitude
Towards Use with f2 = 0.074 and f2 = 0.035, respectively; lastly, Attitude Towards Use also has a small
effect on Behavioral Intention (f2 = 0.079).

A blindfolding process was also added in the analysis. This is done to predict the validity of
the model. Cross-validated redundancy was utilized for the measurement of Q2, where Q2 < 0 is
acceptable. Q2 values revealed that all endogenous constructs are within the acceptable limit.

An assessment of collinearity statistics was to be carried out to check for multicollinearity and
the collinearity of the measurement items. This is represented by the variance inflation factor (VIF).
According to Hair et al. [33], the acceptable VIF values are within the range of 0.2–5.0. This shows that
multicollinearity does not exist in the observed variables. However, 5.0 < VIF < 0.2 values are not
acceptable. These values indicate problematic items.

Case 2: ETS

For ETS, the same model and analytical tools were applied. Moreover, the same respondents
were utilized to generate the data. Based on the results shown in Table 10, there are two problematic
constructs: Anxiety and Perceived Behavioral Control. For anxiety, four out of five measurement items
did not pass the required tolerable acceptable values. Moreover, CR (0.391) and AVE (0.179) values
for the Anxiety construct are very low. Therefore, this construct must be removed from the analysis.
On the other hand, the construct Perceived Behavioral Control was eliminated because it was not able
to secure the minimum tolerable acceptable value for Cronbach’s alpha.

Table 10. Reliability and Convergent Validity Analysis (for eco-toilet system (ETS)).

Construct Indicator Mean Standard
Deviation

Factor
Loading

Composite
Reliability (CR)

Average Variance
Extracted (AVE)

Cronbach’s
Alpha (α)

Political Climate
PC1 4.298 0.899 0.834

0.907 0.765 0.848PC2 4.065 0.792 0.919
PC3 3.815 0.776 0.863

Anxiety

ANX1 3.144 1.107 0.476

0.391 0.179 0.871
ANX2 3.219 1.040 0.748
ANX3 3.138 1.110 0.300
ANX4 3.178 1.100 -0.027
ANX5 3.156 1.089 0.126

User Demand

UD1 3.941 0.751 0.790

0.855 0.553 0.786
UD2 3.880 0.795 0.798
UD3 4.198 0.694 0.852
UD4 4.236 0.713 0.786
UD5 3.994 0.958 0.402

Perceived
Usefulness

PU1 4.272 0.767 0.859
0.921 0.795 0.871PU2 4.260 0.716 0.936

PU3 4.173 0.794 0.877

Perceived Ease of
Use

PEU1 4.130 0.734 0.946
0.944 0.895 0.882PEU2 4.024 0.734 0.946

Attitude Towards
use

ATU1 4.298 0.752 0.836
0.890 0.729 0.813ATU2 4.065 0.839 0.909

ATU3 3.815 0.980 0.813

Perceived
Behavioral

Control

PBC1 3.479 1.099 0.451
0.729 0.491 0.584PBC2 3.583 0.985 0.676

PBC3 4.054 0.791 0.902

Subjective
Norms

SN1 4.000 0.742 0.921
0.946 0.854 0.915SN2 4.053 0.707 0.948

SN3 4.047 0.744 0.904

Behavioral
Intention To Use

BIU1 3.560 0.911 0.887
0.855 0.748 0.664BIU2 3.452 0.828 0.841
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Further, Table 11 confirms that all remaining constructs are validated by the Fornell and Larcker
criteria. After the reliability and validity assessment, the construct Perceived Behavioral Control was
removed and was no longer assessed in the structural model assessment. The results of the hypothesis
testing in Table 12 show that six out of twelve remaining hypotheses were supported by the model.

Table 11. Fornell-Larcker Criterion (for ETS).

AVE PC ANX UD PU PEU ATU SN BIU

PC 0.728 0.853
ANX 0.603 −0.075 0.777
UD 0.669 −0.037 0.059 0.818
PU 0.898 0.325 −0.084 −0.032 0.948

PEU 0.814 0.283 −0.173 −0.047 0.467 0.902
ATU 0.71 0.561 −0.108 −0.14 0.496 0.467 0.843
SN 0.819 0.338 −0.231 −0.033 0.565 0.704 0.51 0.905
BIU 0.708 0.158 −0.164 0.016 0.136 0.18 0.329 0.267 0.841

Table 12. Path Coefficients and Model Quality Assessment (for ETS).

Construct Predictor H β t-Value p-Value Decision f2 R2
adj VIF Q2

Perceived
usefulness

Political climate H1 −0.047 0.731 0.465 Reject 0.004

0.595

1.490

0.440
Anxiety H2 0.035 0.635 0.526 Reject 0.003 1.124
User demand H3 0.455 5.409 0.000 Accept 0.246 2.134
Perceived ease of use H4 0.436 5.362 0.000 Accept 0.302 1.595

Perceived
ease of use

Political climate H5 0.035 1.019 0.308 Reject 0.006
0.362

1.480
0.312Anxiety H6 −0.149 1.448 0.148 Reject 0.032 1.089

User demand H7 0.590 7.646 0.000 Accept 0.352 1.579

Attitude
towards use

Perceived usefulness H8 0.424 5.547 0.000 Accept 0.182
0.474

1.898
0.325Perceived ease of use H9 0.330 4.411 0.000 Accept 0.110 1.898

Behavioral
intention to

use

Perceived usefulness H10 0.060 0.699 0.485 Reject 0.002
0.229

2.104
0.156Attitude towards use H11 0.425 3.925 0.000 Accept 0.107 2.232

Subjective norm H13 0.055 0.521 0.603 Reject 0.002 2.275

The path coefficient evaluation reveals the significant predictors for each endogenous construct.
Attitude Towards Use (β = 0.425, t = 3.925, p < 0.050) is the only significant exogenous construct
of Behavioral Intention. Perceived Usefulness (β = 0.424, t = 5.447, p < 0.050) and Perceived Ease
of Use (β = 0.330, t = 4.411, p < 0.050) are significant predictors of Attitude Towards Use. User
Demand (β = 0.590, t = 7.646, p < 0.050) is significant predictor of Perceived Ease of Use. User Demand
(β = 0.455, t = 5.409, p < 0.050) and Perceived Ease of Use (β = 0.436, t = 5.362, p < 0.050) are significant
predictors of Perceived Usefulness. Further, the regression analysis presents the explanatory power
of the structural model. The R2 values show that 59.5% of the variation in the Perceived Usefulness
is explained by User Demand and Perceived Ease of Use, with total effect sizes (f2) of 0.246 and
0.302, respectively. For Perceived Ease of Use, the predictor User Demand explains the 36.2% of the
variance in the construct with a 35.2% effect size. Both predictors of Attitude Towards Use explain
the 46.4% variance within the construct, with total effect sizes of 0.182 for Perceived Usefulness and
0.110 for Perceived Ease of Use. The final regression analysis for Behavioral Intention to Use reveals
that Attitude Towards Use is the only significant predictor, with a 22.9% explanatory power and a
0.107 effect size. Further, the indirect effects of each exogenous construct on its respective endogenous
construct are presented in Table 13, showing that all indicated indirect effects were significant.
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Table 13. Indirect effects of the mediating variables (ETS).

Path t-Statistics p-Value Decision

User Demand→ Perceived Ease of Use→ Perceived Usefulness→ Attitude
towards use→ Behavioral intention to use 2.770 0.006 Accept

User Demand→ Perceived Ease of Use→ Perceived Usefulness→ Attitude
towards use 3.623 0.000 Accept

User Demand→ Perceived Ease of Use→ Perceived Usefulness 4.491 0.000 Accept
User Demand→ Perceived Usefulness→ Attitude towards use→ Behavioral
intention to use 2.431 0.015 Accept

User Demand→ Perceived Usefulness→ Attitude towards use 3.376 0.001 Accept
User Demand→ Perceived Ease of Use→ Attitude towards use 3.786 0.000 Accept
Perceived ease of use→ Perceived usefulness→ Attitude towards use→
Behavioral intention to use 2.890 0.004 Accept

Perceived ease of use→ Perceived usefulness→ Attitude towards use 4.315 0.000 Accept
Perceived ease of use→ Attitude towards use→ Behavioral intention to use 2.827 0.005 Accept
Perceived usefulness→ Attitude towards use→ Behavioral intention to use 3.015 0.003 Accept

Moreover, the results of the blindfolding show that all structural models discussed are within the
acceptable limit of predictive relevance (Q2). Further, the results also revealed that all VIF values of the
significant predictors are within the acceptable limit. The largest VIF value is 2.232 (Attitude Towards
Use > Behavioral Intention to Use), and the lowest reading is 1.579 (Perceived Ease of Use > Perceived
Usefulness). The results indicate that there is no multicollinearity within the significant predictors of
each construct.

4.5. Discussion and Research Implications

The main objective of this study was to determine the important factors that can possibly influence
the behavioral intention of the users of IWS components in Mulanay. In previous studies [16,35],
behavioral intention was considered as an indicator of social acceptance of a new developing technology.
The C-TAM-TPB models the perceptions of potential users of an IWS in Mulanay. This study is important
in the implementation process of IWS projects, since such technology requires behavioral changes
prior to its adoption or technology transfer. The results showed that attitude towards use (ATU) is an
important construct that could possibly affect the behavioral intentions (BIU) of the users of RWHS
with WTS and ETS. The findings of this study are consistent with those of other C-TAM-TPB studies,
such as those by Hua and Wang [36] and Afiana and Priyanto [37].

It is also important to note that improving the ease of use, learnability (PEU), and usability (PU)
of the rainwater harvesting technology can help promote more positive perceptions and attitudes for
its users. In addition, the results also confirmed that if the RWHS with WTS is not easy to use, operate,
and learn, there is a huge possibility that this technology will not be considered useful by the people.
The respondents also confirm that government support and prioritization of the implementation
of such technology can have a small impact on user perceptions on ease of use for the rainwater
harvesting technology. Some people may think that, although this technology is basic, the ‘ease of
use’ may be a reason why the government shown little support for the implementation of RWHS with
WTS, especially in water-scarce communities. Consequently, users might have negative perceptions of
ease of use, which could negatively affect their perceptions of the technology’s usefulness and their
attitude towards the technology, thereby affecting their behavioral intention for usage. Such findings
are supported by various studies [18,19,38].

Similarly, promoting the ease of use (PEU) and usefulness (PU) of the ETS could generate positive
usage attitude among its users. The results also demonstrated that the perceived usefulness of ETS can
also be enhanced by improving the ease of use of environmental technology, as well as by creating
demand for sanitation in the pilot community. By comparing the results, the outcomes generated by
the PLS–SEM model in this study and the multiple linear regression in the previous study [19] were
similar. Therefore, this study confirmed that PLS–SEM could be an alternative approach for predicting
behavioral intention in C-TAM-TPB models. However, it should be noted that, relatively, PLS–SEM
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has a great advantage over multiple linear regression in terms of convenience [29], flexibility [20],
and other functions [30,31].

This is an initial study for the development of an Integrated Water System in the municipality of
Mulanay. The successful implementation of this environmental technology requires the integration
of a circular economy and the promotion of a water–energy–food nexus in the study community.
Furthermore, this study makes several contributions to the extension of knowledge. First, this study
contributes to the emerging research on water and sanitation systems, such as IWS. This study explores
IWS approaches that households and learning institutions can use. Second, the findings of this study
could provide decision makers with ideas of how to promote the development and implementation
of such an IWS configuration. This study also extends the application of the C-TAM-TPB model to
non-IT products. Most research on C-TAM-TPB has focused on the development of IT products [36,37].
Hence, this study posited a framework that non-IT products can use for understanding behavioral
intentions. Third, this study explores the applicability of Partial Least Square–Structural Equation
Modeling to the analysis of C-TAM-TPB models. The present study utilized PLS–SEM instead of the
convention method of linear regression, which is commonly used in the literature [39,40]. PLS–SEM
was also used in other C-TAM-TPB studies [37]. Lastly, the methodology utilized in this study could
be used for the development of environmental technologies, such as those that promote a circular
economy, including a water–energy–food nexus in vulnerable communities.

5. Conclusions and Recommendations

This study introduced a model for an Integrated Water System, which is composed of a Rainwater
Harvesting System, Water Treatment System, and Eco-Toilet System. Recently, in connection with the
SDG 6, the United Nations General Assembly has bolstered the development of integrated approaches
in managing water resources through the International Decade for Action “Water for Sustainable
Development, 2018–2028”. To support this cause, IWS infrastructures were installed in the select pilot
communities in Mulanay, with the primary objective of improving the water supply and sanitation
management thereof.

The study was further extended to the evaluation of perceptions and attitudes of potential users
of IWS. This study utilized C-TAM-TPB as an evaluation model to investigate various factors that can
affect the acceptance of an IWS by potential users in Mulanay. Based on the C-TAM-TPB framework,
social perception was formed by behavioral intention, attitude, subjective norms, behavioral control,
usefulness, ease of use, as well as demand, anxiety, and political climate. In this sense, the behavioral
intention of the users toward the IWS components was used to measure the social acceptance of the
newly introduced technology. However, to completely determine the social acceptance of the IWS in
the community, future research should focus on the actual usage behaviors of IWS users. The findings
in this study could be used as a benchmark for improving the system.

In this study, two C-TAM-TPB analyses were performed. The first one was used for the evaluation
of the social acceptance of rainwater harvesting, which was operated by RWHS and WTS. With a
similar goal, the second analysis was intended to evaluate the ETS.

The results of this test reveal that the communities’ attitudes have a significant impact on promoting
their behavioral intention to use the components of IWS. To improve the attitudes of potential users,
the results suggest that the development of these components should be primarily focused on making
the potential users feel and think that the RWHS, WTS, and ETS are very useful and easy to use.
Further, the data also suggest that gaining political support for RHWS and WTS can possibly convince
potential users that these systems are easy to use and learn. Additionally, creating demand can also
improve the social perception of the usefulness and ease of use of the ETS.

Moreover, this study demonstrated the strength of partial least squared-structural equation
modeling method in the evaluation of a C-TAM-TPB model. PLS–SEM was able to filter out the data
that did not pass the validity and reliability tests. More importantly, the PLS–SEM was able to explain
the level of significance, strength, and collinearity of each predictor of each endogenous construct.
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Such data were able to prove the hypotheses that are being tested in this study. Further, the PLS–SEM
was able to test the validity of the model through a blindfolding process.

However, some empirical observations during the analysis suggested that there is still a need
for improvement of the survey questionnaires (e.g., increasing of number of measurement items).
If similar questionnaires are used for future research, this study recommended to further improve the
measurement items to prevent low reliability and increase the validity of the indicators.

The results of this study could provide essential information regarding the acceptability of the
potential users of an IWS in Mulanay. This could serve as a hypothetical basis for implementers to use
in the further development of IWS projects. The successful implementation of such a project could
generate an environmental management option, particularly for water and sanitation systems, for the
people of Mulanay, especially considering that access to clean water supply and sanitation facilities is a
crucial problem therein.

Local community leaders, such as the local government units and academic institution
administrators, should focus on developing not only technologies that can provide clean water
supply and proper sanitation but also those technologies that could promote a circular economy,
including strengthening the linkages of the water–energy–food nexus in communities.
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Appendix A

Table A1. Summary of results of RWHS and WTS rainwater quality monitoring.

Parameters: pH Conductivity TDS Turbidity Nitrates Zinc Total Iron Lead E. coli

PNSDW Limits: 6.5–8.5 - 500 ppm 5 NTU 50 mg/L 5.0 mg/L 1.0 mg/L 0.010
mg/L

<1.1
MPN/100 mL

08/25/2017

GK1 IN 7.12 1 - 0.36 0.23 - - - -
GK1 OUT 7.77 2 1 4.35 0.23 - - - -

GK2 IN 6.67 2 1 2.15 0.23 - - - -
GK2 OUT - - - 0 - - - - -

PUP IN 7.88 2 1 0.29 0.23 - - - -
PUP OUT 7.87 6 3 63 0.23 - - - -

09/27/2017

GK1 IN 8.15 3 1 0.1 0.26 0.23 - 0.0049 -
GK1 OUT 8.93 1 1 4.39 0.32 0.18 - 0.0049 -

GK2 IN 7.91 0 0 0 0.23 0.05 - 0.0049 -
GK2 OUT 8.85 9 4 45.4 0.44 0.01 - 0.0049 -

PUP IN 8.05 3 2 0.25 0.23 0.1 - 0.0049 -
PUP OUT 8.32 3 2 7.19 0.24 0.01 - 0.0049 -

12/10/2017

GK1 IN 6.36 6.36 2 0.14 0.34 0.23 0.05 0.005 1.1
GK1 OUT 6.89 6.89 2 1.67 0.52 0.18 0.1 0.005 1.1

GK2 IN 6.43 6.43 1 0.32 0.27 0.05 0.05 0.005 -
GK2 OUT 7.49 7.49 4 1.2 0.75 0.01 0.6 0.005 -

PUP IN 7.3 7.3 2 1.15 0.23 0.1 0.05 0.005 2.6
PUP OUT 6.43 6.43 3 2.75 0.23 0.01 0.05 0.011 1.1

12/17/2017

GK1 IN 7.45 1 0 0.03 0.29 0.127 0.05 0.005 4.6
GK1 OUT 6.8 1 0 0.04 0.25 0.112 0.05 0.005 8

GK2 IN 6.99 0 0 0.04 0.23 0.01 0.05 0.005 8
GK2 OUT - 0 0 0 - - - - -

PUP IN 7.82 1 1 0.06 0.26 0.025 0.05 0.005 4.6
PUP OUT 6.66 12 6 8.62 0.53 0.01 0.05 0.005 2.6
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Table A1. Cont.

Parameters: pH Conductivity TDS Turbidity Nitrates Zinc Total Iron Lead E. coli

PNSDW Limits: 6.5–8.5 - 500 ppm 5 NTU 50 mg/L 5.0 mg/L 1.0 mg/L 0.010
mg/L

<1.1
MPN/100 mL

01/30/2018

GK1 IN - - - 0 - 0.58 0.049 0.0049 1.09
GK1 OUT - - - 0 - 0.25 0.049 0.0049 1.09

GK2 IN - - - 0 - 0.19 0.049 0.0049 1.09
GK2 OUT - - - 0 - 0.009 0.049 0.0049 1.09

PUP IN - - - 0 - 0.2 0.049 0.0049 1.09
PUP OUT - - - 0 - 0.009 0.049 0.0049 1.09

02/14/2018

GK1 IN 7.22 8 3 1.43 0.34 - - - -
GK1 OUT 7.62 8 4 4.38 0.51 - - - -

GK2 IN - 0 - 0 - - - - -
GK2 OUT - 0 - 0 - - - - -

PUP IN 7.56 11 1 2.57 0.41 - - - -
PUP OUT 7.01 28 3 0.18 1.29 - - - -

Table A2. General Questionnaire.

Questions Responses

1. Where do you obtain your water for daily
consumption?

� Stand-alone water
� Piped water with communal water point
� Piped water household connection
� Bottled water

�Water refilling station
� Private well
� Neighbors

2. Opinions about water resources in the
community: For each statement below,
please choose on answer that best describes
your level of agreement.

a. There is a possibility of a water shortage
in Mulanay in the near future

� Strongly agree (5)
� Agree (4)
� Neutral/undecided (3)

� Disagree (2)
� Strongly disagree (1)

b. Conserving water is important.
� Strongly agree (5)
� Agree (4)
� Neutral/undecided (3)

� Disagree (2)
� Strongly disagree (1)

c. Water bills should be kept low.
� Strongly agree (5)
� Agree (4)
� Neutral/undecided (3)

� Disagree (2)
� Strongly disagree (1)

d. Primary water supply is adequate. � Yes � No

e. Primary water supply is fit for drinking. � Yes � No

Table A3. C-TAM-TPB Questionnaire for RWHS and WTS.

Construct Measurement Items

Political Climate

PC1 The community leaders will support the implementation, operation, and
maintenance of the ETS.

PC2 The local government will support the implementation, operation, and
maintenance of the ETS.

PC3 Solution to water quality problems is a priority of our community leaders
or local government.

Anxiety

ANX1 I hesitate to use the ETS for fear of making mistakes I cannot correct.
ANX2 I am afraid I cannot operate and maintain the ETS.
ANX3 I am afraid that the ETS might be unsanitary.
ANX4 I feel apprehensive and discomfort about using the ETS.
ANX5 The ETS is somewhat intimidating to me.

User Demand

UD1 Using the system is necessary in my lifestyle.
UD2 I understand that the ETS has economic benefits.
UD3 The ETS will help solve the water-borne disease problems in my

community.
UD4 The ETS will help solve the water-borne disease problems in my

community.
UD5 We need more toilets in the community.
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Table A3. Cont.

Construct Measurement Items

Perceived Usefulness

PU1 I would find the ETS useful and efficient in improving the sanitation for
my community.

PU2 Using the ETS will enable me to improve the sanitation in my community
faster.

PU3 Using the ETS would motivate me to improve the sanitation in my
community.

Perceived Ease of Use
PEU1 My interaction with the ETS would be clear and understandable.
PEU2 It is easy for me to learn and become skillful at using the ETS.

Attitude Towards use
ATU1 Using the ETS is a good idea.
ATU2 The ETS makes my lifestyle more interesting.
ATU3 I like to use the ETS.

Perceived Behavioral
Control

PBC1 I have the resources necessary to use the ETS. (money, space, etc.)
PBC2 I have the knowledge necessary to use the ETS.
PBC3 A specific person (or group) is available for assistance if there will be

difficulties in using the ETS.

Subjective Norms

SN1 People who are important to me would think that using the ETS is good
for me.

SN2 People who influence my behavior would think that I should use the ETS.
SN3 In general, my community has supported the use of the ETS.

Behavioral Intention
To Use

BIU1 I plan to use the system in the next 12 months.
BIU2 I have no plan to use the system in the next 12 months.

Table A4. C-TAM-TPB Questionnaire for ETS.

Construct Measurement Items

Political Climate

PC1 The community leaders will support the implementation, operation,
and maintenance of the RWHS and WTS.

PC2 The local government will support the implementation, operation, and
maintenance of the RWHS and WTS.

PC3 Solution to water quality problems is a priority of our community
leaders or local government.

Anxiety

ANX1 I hesitate to use the RWHS and WTS for fear of making mistakes I
cannot correct.

ANX2 I am afraid I cannot operate and maintain the RWHS and WTS well.
ANX3 I am afraid that the RWHS and WTS might be unsanitary.
ANX4 I feel apprehensive and discomfort about using the RWHS and WTS.
ANX5 The RWHS and WTS is somewhat intimidating to me.

User Demand

UD1 RWHS and WTS will motivate us to improve the health in the
household/community/institution.

UD2 I understand that the RWHS and WTS have economic benefits.
UD3 RWHS and WTS will help solve the water-borne disease problems in

my household/community/institution.
UD4 We need more alternative sources of water supply in the

household/community/institution.

Perceived Usefulness

PU1 I would find the RHWS and WTS useful and efficient in treating the
rainwater.

PU2 Using the RHWS and WTS enables us to improve water quality and to
have clean and safe water in our household/community/institution.

Perceived Ease of Use

PEU1 My interaction with the RWHS and WTS would be clear and
understandable.

PEU2 It is easy for me to learn and become skillful at using the RWHS
and WTS.

Attitude Towards use
ATU1 Using the RWHS and WTS is a good idea.
ATU2 The RWHS and WTS make my lifestyle more interesting.
ATU3 I like to use the RWHS and WTS.
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Table A4. Cont.

Construct Measurement Items

Perceived Behavioral
Control

PBC1 I have the resources necessary to use the RWHS and WTS. (money,
space, etc.)

PBC2 I have the knowledge necessary to use the RWHS and WTS.
PBC3 A specific person (or group) is available for assistance if there will be

difficulties in using the RWHS and WTS.
PBC4 Using the system fits into my lifestyle.

Subjective Norms

SN1 People who are important to me would think that using the RWHS and
WTS is good for me.

SN2 People who influence my behavior would think that I should use the
RWHS and WTS.

SN3 Generally, my household/community/institution support has supported
the use of RWHS and WTS.

Behavioral Intention
to Use

BIU1 I plant to use the system in the next 12 months.
BIU2 I have no plan to use the system in the next 12 months.
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