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Abstract

Lake water consumed by the community in the Gresik upland area, Indonesia, contains
contaminants that exceed the quality threshold. This research focuses on factors that can influence
people's actions to adopt fixed bed filters and highlights strategies for the community to be willing to treat
lake water before consuming it. This study builds an adoption of a fixed bed filter model and examines
the effect of 15 factors (independent variables) on community actions to adopt the tool. A total of 248
samples from 3 villages were randomly selected to test the hypothesis. Data is collected, sorted, and
analyzed statistically. Data analysis uses descriptive statistics and multiple linear regression analysis.
Data representation, validation, and correlation of data are carried out in MS Excel and SPSS. The
adoption of the fixed bed filter model shows that of the 15 factors analyzed, 3 factors significantly
influenced the adoption decision (Sig. < 0.05): The elements, namely, attitudes toward water treatment,
availability of infrastructure, and government assistance. One factor influences the decision on tool
adoption quite significantly (Sig. < 0.1), namely the innovation of the lake water management agency.
Several elements can carry out the development of the passage of fixed bed filters: Socializing
contaminated water and water treatment, procurement of tools, assisting the adoption of tools, increasing
the government's active role, and improving the performance of the lake water management agency. This
model can be used to make the adoption of water treatment equipment models in other areas.
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Introduction

Communities in 3 villages, namely Metatu, Sirnoboyo, and Kalipadang Village (Gresik, Indonesia),
use lake water to have clean drinking water. Most of the lake water in this area contains turbidity, color,
surfactant, total organic, E. coli, and total coliform exceeding the maximum water and drinking water
requirements [1,2]. While a small portion contains Cr and Pb, these levels also exceed the maximum limit
required. Heavy metals such as Cr and Pb at certain levels can accumulate in the body and endanger the
health of humans who consume the lake water [3]. A surfactant such as a detergent component that is
toxic also threatens the health of humans who consume the lake water [4].

Furthermore, E. coli and total coliform indicate the presence of pathogenic bacteria in water, which
can cause various diseases for humans who consume the lake water [5]. Besides, the turbidity and colour
of the lake water also decrease the aesthetics of the water. Therefore, this lake water must be treated
before consumption.
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Lake water treatment must be carried out so that the community's water meets the health
requirements of the Regulations by the Minister of Health of the Republic of Indonesia and WHO [5,6].
Several methods can be chosen to reduce lake water contaminants, including coagulation-flocculation [8],
cation exchange [8,9], adsorption [10-12], and filtration [14]. The government once tried to do lake water
treatment using a filtration process. Still, the community was not ready to adopt this treatment tool or
technology that they abandoned the tool at the edge of the lake. Chukumnird ef al. explain that a person's
behaviour can be studied as the factors influencing behaviour [15]. Therefore, to treat the lake water, it is
necessary to know the factors influencing the community's decision to adopt water treatment equipment
or technology [16]. The study explained that knowledge, desire, perception and attitude, experiment,
application, confirmation were the stages that were passed in the adoption process. These stages were
estimated as factors that able to influence a person's decision to adopt a new tool or new technology [17-
19]. Another study also explained that attitudes could change into action if there were other facilities [18].
This research is vital because it develops the adoption model of water treatment equipment and
determines steps that can be taken so that the culture of adoption of water treatment equipment can be
realized and people can live healthier lives.

The culture of adopting water treatment equipment can be realized if the conditions that make
people want to adopt water treatment equipment have been fulfilled. Several studies have been conducted
to study the factors influencing the adoption of water treatment equipment or technology in various
regions with different community characteristics and cultures [15-18]. The research conducted in Ghana
explained that equipment prices, equipment attributes, and institutions influenced new technology
adoption [20]. The study conducted in a rural area in Nusa Tenggara, Indonesia, also explained that
institutional, education, and economic, social level influenced society's decision to adopt clean water
technologies [21,24]. Furthermore, the research, which was implemented in the urban areca of Ghana
explained that the raw water availability and equipment price influenced society's decision to adopt water
distribution technology [25]. The study, which was conducted in urban areas of Cary, North California,
explained that infrastructure influenced the adoption development of water use technology [22]. The
study in Taman Wisata Alam, Sintang, West Borneo, Indonesia described that institution and government
role influenced the development of the use of water source technology [26]. The research in 3 locations (a
city in Greece, airports in Italy, and water utilities in the Netherlands) highlighted that environment,
institution, and individuals influenced the adoption of water supply technology [27]. Several different
factors influenced societies' decision to adapt equipment for different conditions and had a different
condition, so this research was very important.

This research built a model for adopting water treatment equipment (filter equipment) with data
samples in rural communities in the Gresik dry land area, East Java, Indonesia, which was directed to
know the influence factors of the society’s decision to adopt water treatment equipment. People in the
Gresik area have unique cultural, social, and environmental characteristics and are different from research
conducted in other regions or countries. Lake water is the primary water source in this dry land area.
Therefore, the adoption of water treatment equipment or technology is essential to maintain the health of
the local community.

Materials and methods

The sample and research location

The sample of this research is the users of the lake water in the community villages of Benjeng
District, Gresik Regency, East Java, Indonesia. The study locations are presented in Figure 1. Sampling
was taken randomly based on the village cluster (Cluster Random Sampling), namely 88 people (Metatu
Village), 80 people (Sirnoboyo Village), and 80 people (Kalipadang Village).
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Figure 1 Research location (Metatu, Sirnoboyo, and Kalipadang Village).

Research Instruments and validity test

This study tested the influence of 15 factors or independent variables on dependent factors (decision
to adopt water treatment equipment). The determination of 15 factors or independent variable based on
the research has been done [22]. The questionnaire consisted of 15 questions regarding the characteristics
of respondents (2 items), perceptions of water treatment equipment (5 issues), raw water and
infrastructure (4 questions), the role of the government (2 questions) and the role of the lake water
management agency (2 items). The answers to the questionnaire were choices on a Likert Scale from 1
(strongly disagree) to 5 (strongly agree). Validity is measured based on the Pearson rxy Correlation
coefficient. The questionnaire was declared valid if the Pearson rxy Correlation coefficient was higher
than the cutoff or r table [28]. Reliability was measured based on Cronbach's alpha, and the questionnaire
was declared reliable if the value was more significant than 0.60 [29].

Data analysis

The testing of the influence of 15 factors in the community's decision to adopt a water treatment
tool is conducted using multiple linear regression analysis with SPSS software version 23. Fifteen of
these factors are age (X1), education (X2), knowledge of water treatment (X3), attitude towards
processing water (X4), attitudes toward the performance of water treatment equipment (X5), attitude
towards the placement of sample equipment (X6), satisfaction with the economic value of the material
(X7), availability of raw water (X8), availability of facilities and infrastructure (X9), lake maintenance
(X10), a piping network for water distribution (X11), government care (X12), government assistance
(X13), vision and mission of the water management agency (X14), the innovation of the water
management agency (X15). Before performing a regression analysis, the following assumptions were
tested:
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1. Testing the normality assumption to test whether the regression model, the residual variance is
normally distributed or not. Testing using the Normal Probability Plot (P-P plot).

2. Testing the assumption of heteroscedasticity to determine whether residuals have homogeneous
variations or not. Testing uses the Spearman Correlation test [28].

3. Multicollinearity testing is intended to determine whether there is a relationship between
independent variables. The test uses Tolerance and Variance Inflation Factor (VIF) values [30].

After testing the assumptions, multiple regression analysis was carried out (T-test and F-test).
Furthermore, the contribution of factors or independent variables on the dependent variable were tested
using the coefficient of determination. The regression analysis was selected because of the impact of
several independent variables on the dependent variable that has been widely studied in different contexts
(Chantana et al., 2019; Lucas et al., 2019; Mehmanpazir ef al., 2019; Peng, 2019),

Y=a+blX1+b2X2+....+¢ (1

where: Y is the dependent variable, which is the variety of people's perception of water filters. X is an
independent variable or factor, such as age (X1), education (X2), knowledge of water treatment (X3),
attitude towards processing water (X4), et al. Whereas a, b, and e are constants.

The test criteria state that if the probability value is less than the level of significance (a = 5 %),
then the influence of the independent variable on the dependent variable is stated [28].

Results and discussion

This study aims to study the factors that influence the community's decision to adopt a water treatment
plant through the development of a model.

1. General information on the sample. The samples came from 3 villages, namely Metatu Village,
Sirnoboyo Village, and Kalipadang Village. The sample of the male as much as 55 and 45 % of women.
Samples aged 16 - 35 years were 37 %, 36 - 55 years were 56 %, and over 55 years was 7 %.

2. Descriptive statistics of respondents' responses to questionnaire questions are presented in Table 1.

Table 1 Descriptive statistics of respondents’ responses.

Variable Min Max Mean
Age (X1) 16.00 87.00 40.6383
Education (X2) 6.00 21.00 9.7004
Knowledge of water treatment (X3) 1.00 5.00 4.3347
Attitudes to water treatment (X4) 2.00 5.00 4.3806
Attitudes to the performance of water treatment equipment (X5) 2.00 5.00 4.2236
Attitude to sample device placement (X6) 1.00 5.00 3.8219
Satisfaction with the economic value of the tool (X7) 2.00 5.00 3.8421
Availability of raw water (X8) 2.00 5.00 3.9190
Availability of facilities and infrastructure (X9) 2.00 5.00 4.1639
Pond maintenance (X10) 2.00 5.00 43171
Piping network for water distribution (X11) 3.00 5.00 4.2551
Government Concern (X12) 3.00 5.00 4.2308
Government aid (X13) 3.00 5.00 4.3036
Vision and mission of the water management agency (X14) 2.00 5.00 4.1613
Water management agency innovation (X15) 2.00 5.00 4.1984
Tool adoption (Y) 2.00 5.00 4.3239
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1. Validity testing showed that all questions in the questionnaire were valid with a Pearson
Correlation coefficient between 0.533 - 1,000, while the cutoff was 0.1381 [28]. Reliability testing also
showed that all questionnaire questions were reliable, with Cronbach's alpha between 0.649 - 0.784, so
that it was higher than 0.6 [29].

2. Testing the assumption of normality showed that the residuals were normally distributed. Testing
heteroscedasticity assumptions showed that residuals had homogeneous variations because all
independent variables produced probabilities of 0.067 - 0.977. Thus, they were higher than the level of
significance (. = 5 %). The test of the multicollinearity assumption showed that there was no relationship
between the independent variables. There were no symptoms of multicollinearity because all independent
variables produced Tolerance values greater than 0.1, and VIF was smaller than 10 [30].

3. The results of the multiple regression, linear tests (T-test) are presented in Table 2. The T-test
showed that attitudes toward water treatment, availability of facilities and infrastructure, and government
assistance significantly influence (Sig. < 0.05) the community's decision to adopt water treatment
equipment. While the innovation of the lake water management agency, significantly influenced (Sig. <
0.1) the adoption of water treatment equipment by the community.

Table 2 Linear multiple regression test results (T-test).

Variable Coefficients T Statistics Sig.
(Constant) 1.636 2.924 0.004
Age (X1) —-0.003 —1.040 0.300
Education (X2) 6.522E-5 0.005 0.996
Knowledge of water treatment (X3) 0.002 0.029 0.977
Attitudes to water treatment (X4) 0.126 2.031 0.044
Attitudes to the performance of water treatment equipment (X5) 0.094 1.526 0.129
Attitude to sample device placement (X6) —0.086 —1.461 0.146
Satisfaction with the economic value of the tool (X7) —0.080 —1.481 0.140
Availability of raw water (X8) 0.036 0.556 0.579
Availability of facilities and infrastructure (X9) 0.132 2.271 0.024
Pond maintenance (X10) 0.010 0.138 0.890
Piping network for water distribution (X11) 0.018 0.230 0.819
Government Concern (X12) 0.049 0.788 0.431
Government aid (X13) 0.156 2.380 0.018
Vision and mission of the water management agency (X14) 0.090 1.460 0.146
Water management agency innovation (X15) 0.103 1.697 0.091

4. While the results of the multiple linear regression test (F-test) are presented in Table 3. The F-
test showed that the 15 factors or variables tested in the model significantly influenced the community's
decision to adopt a water treatment plant (Sig. < 0.05).
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Table 3 Linear multiple regression test results (F- test).

Sum of Squares Df Mean Square F Sig.
Regression 14.586 15 0.972 4.820 0.000
Residual 38.936 193 0.202
Total 53.522 208

5. Testing the coefficient of determination showed that the R-square in the model was 27.3 %. This
showed that the adoption of the tool could be explained by 15 factors or variables tested by 27.3 %.
Partial testing result (T-test) was presented in Figure 2.

1.2

0 2 4 6 8 10 12 14 16
Independent variable (X)

Figure 2 Sig. vs independent variable of T-test results.

The T-test results showed that among the 15 factors or variables studied, 3 factors significantly
influenced (Sig. < 0.05) the community's decision to adopt a water treatment plant. These 3 factors are the
attitude towards water treatment, the availability of infrastructure, and government assistance.
Furthermore, there is a 1-factor influence that is quite significant (Sig. < 0.1) to the community's decision
to adopt the tool. This factor is the innovation of water management institutions (Table 2). At the same
time, the F-test showed that all independent variables (X1 to X15) significantly influenced the dependent
variable (decision to adopt water treatment equipment). F-test result in this study was data that have to
function to develop this research if the questionnaires were distributed to different group societies.

Furthermore, the T-test obtained the same findings as the previous research to influence
infrastructure [22], government aid [26], and innovation of water treatment institutions [27]. The new
finding in this study was the researchers found the factor of society's attitude to the water treatment,
influencing society’s decision to adopt water treatment equipment. This news finding supported
behaviour theory which explained that attitude could change into another attitude if it supported with
other facilities [18].

It showed that the attitude of a person after receiving a stimulant in the form of the introduction of
water treatment equipment and performance is not enough to influence the person's decision to adopt
water treatment equipment. Other factors influence the decision to adopt the tool, namely the availability
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of infrastructure, government assistance, and the lake water management agency's innovation.
Infrastructure facilities in question include electricity, roads, water distribution systems, and, most
importantly, the availability of water treatment equipment itself [18]. The availability of the
infrastructures and innovations of lake water management institutions is greatly influenced by
government policy. The government has a significant role in regulating, co-operating with, mobilizing,
and involving all stakeholders who have a role in adopting the water treatment plant [35]. Stakeholders in
question include the community of users of lake water, community leaders, management of lake water
management institutions, Corporate Social Responsibility (CSR) of the company around the study sites,
researchers, service providers of water treatment equipment and services, non-governmental
organizations, and the government itself. Most of the facilities and infrastructure in the study location are
the responsibility of the government, such as electricity and roads. The establishment of a lake water
management agency is also with the government's approval.

Although the government has a significant role in influencing the community's decision to adopt
water treatment equipment, the government cannot force people to adopt the material. The culture of
adoption of this tool can be realized if awareness arises in the community of the importance of water
treatment. Therefore, it is necessary to direct the public about the quality of the lake water they consume.
The socialization topic could be focused on how the quality of clean water and drinking water required by
the Republic of Indonesia's Minister of Health Regulation No. 32 of 2017 and WHO, as well as the
danger of contaminants contained in lake water when consumed by humans both for the short and long
term [5,6] is. This socialization can be carried out in collaboration between the government, non-
governmental organizations, lake water management institutions, community leaders, and other
stakeholders. Socialization can be done by directly inviting the public to planned outreach meetings.

Besides, the community must be involved in every adoption process, such as the procurement and
installation of water treatment equipment. The cost of procuring equipment can be obtained from non-
governmental organizations, assistance from the government, CSR around the company, non-
governmental organizations, donors, and other sources. The more aid funds for procurement of equipment
collected, it will encourage the realization of water treatment equipment adoption. To find out the
community's ability to contribute to the cost of this tool, further research is needed on the socio-economic
community, following a study conducted by Sileshi ez al. [21]. After sufficient water treatment equipment
is available, assistance is needed during the adoption process. It is to prevent the cessation of water
treatment equipment that is already available due to various obstacles in the field.

Assistance to the community as the adopter of water treatment equipment should be done for a
minimum of 1 year. It is to prevent the failure of the adoption of water treatment equipment. In addition
to the government, water management institutions' role is also critical in realizing the growth of a culture
of adoption of water treatment equipment in the community. It is consistent with research conducted by
Darkwah et al. [20] and Sileshi et al. [21]. The lake water management agency in this area is called the
Drinking Water Population Association. The results showed that this institution's innovation was quite
significant in supporting the realization of the adoption of water treatment equipment. This institution
serves the community by distributing lake water. The innovation of water management institutions in
distributing and processing lake water before distribution influences the realization of the culture of
adopting water treatment equipment.

The culture of adopting water treatment equipment in the community of lake water users in the
Gresik area should not be too difficult to realize. It is shown that from the 15 factors studied, only 4
factors influence the community's decision to adopt the tool. The community is not too concerned about
the water treatment equipment to be adopted. The essential things are that this tool can treat the lake water
well; the cost of procuring, operating, and repairing equipment is still affordable by the community; and
there are institutions trusted by the community to handle the problem of processing and distributing lake
water. Other researchers at different research sites can use the method used by researchers in finding
factors that influence the adoption of water treatment equipment or technology.
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Conclusions

Water treatment equipment used to reduce turbidity, colour, surfactant, totally organic, E. coli, and
total coliform lake water were simply fixed bed water filters, namely FRC (fibreglass reinforced plastic)
filter tube which contained 3 media, namely manganese, zeolite, and active carbon. Furthermore, to
reduce E. coli and total coliform content, you could add chlorine tablets to the water processed. The cost
of procuring equipment for the 3,000 L/h capacity was Rp 2.800.000,00. Although procuring equipment
was quite cheap and tool operation was quite easy, we must still maintain and control the tools regularly.
The maintenance of the tools was quite easy, and by doing a backwash once a week, the community
needed accompaniment during the process of developing a culture in tools adoption.

Factors influencing the community's decision to adopt a fixed-bed filter are attitudes towards water
treatment, availability of facilities and infrastructure, government assistance, and the lake water
management agency's innovation. These 4 factors have important implications for adopting fixed bed
filters by the lake water user community. Therefore, as the policymaker in the provision of clean water for
the community, the government should lead the stakeholders to work together in conducting socialization,
procurement of tools, and assistance in the process of adopting tools. Support with the community's use of
fixed bed filters for at least one year or until the lake water management agency and the local community
can process and distribute the lake water independently, and this practice has become their daily habits
and culture. Stakeholders in question include community leaders, management of lake water management
institutions, non-governmental organizations, CSR companies, researchers, water treatment equipment
providers, water treatment service providers, and other institutions related to this activity.
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