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ABSTRACT

Background: Open defecation and other poor sanitation and hygienic
practices create major public health problems in many developing nations.
Improving community health and well-being depends on attending to these
problems. Using partial least squares structural equation modeling (PLS-
SEM), this study aims to investigate the links between Water, Sanitation, and
Hygiene (WASH) parameters and open defecation behavior in riverbank
villages.

Method: Environmental observations combined with  structured
questionnaires was used in a cross-sectional survey. Convenience sampling
helped participants to be gathered; PLS-SEM data analysis was used to
investigate the intricate connections between WASH factors and open
defecation behavior.

Result: results show that there is no statistically significant relationship
between open defecation practices and water (coefficient =-0.128, p = 0.355),
sanitation (coefficient = -0.493, p = 0.861), income (coefficient = -0.030, p =
0.675), or education (coefficient = 0.067, p = 0.377). Furthermore, there is no
significant link between open defecation practices and water (coefficient = -
0.009, p = 0.911) and sanitation (coefficient = 0.058, p = 0.479) moderating
effects of hygiene.

Conclusion: Effective reduction of open defecation hinges on comprehensive
WASH interventions that combine improved sanitation infrastructure with
hygiene promotion and community involvement. Prioritizing hygiene education
and fostering community ownership are essential for sustainable public health
improvements.
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INTRODUCTION

Many developing countries have
struggled with the problem of poor sanitation
and hygiene standards, which has led to the
explosion of waterborne diseases and
negative consequences for public health.
Particularly for communities living near
riversides, Water, Sanitation and Hygiene
(WASH) interventions significantly affect the
welfare and health of those areas '. WASH
measures significantly affect their welfare and
health 2. The problem of poor sanitation and
hygiene standards, which has led to the
explosion of waterborne diseases and
negative consequences for public health.
Particularly for people living near rivers,
WASH interventions significantly affect the
welfare and health of those areas ®. Good
health facilities and sanitation access help to
greatly reduce open defecation behavior. This
habit can help to reduce the prevalence of
diseases caused by the surroundings *.
Developing  effective  treatments  and
strategies to improve sanitation and hygiene
habits in these communities depends on an
understanding of the factors influencing the
open defecation behavior 5. Regarding
access to clean water and suitable sanitation
facilities, riparian communities can face a lot
of challenges °. Lack of uncontaminated water
sources and inadequate sanitation system
could lead to the spread of waterborne
diseases including typhoid fever, diarrhea,
and cholera. Particularly for children and the
elderly, these diseases seriously compromise
the general well-being of the society.
Furthermore common in many riverine towns
is open defecation, which aggravates water
source contamination and disease spread ’.
Previous studies have found several elements
influencing open defecation behavior,
including cultural views, poor access to
sanitary facilities, and low knowledge of
hygienic practices &. Open defecation is a
deeply rooted habit in the behavioral and
cultural standards of societies close to rivers.
Limited access to sufficient sanitary facilities
as well as conventional attitudes and
ignorance have helped to sustain this habit °.

Apart from health risks, open defecation has
negative effects on the society and the
surroundings °.  Targeting these basic
elements and supporting behavior changes
will help WASH initiatives to bring about long-
lasting gains in sanitation practices '°.

Still, understanding the complex
interactions among the several components of
the WASH system and the behavior of open
defecation is lacking. Improving the health and
welfare of populations living near rivers
depends on WASH initiatives 8. By means of
clean water supplies, building of sanitation
facilities, and encouragement of good hygienic
behaviors, these interventions effectively
lower the occurrence of waterborne diseases
1. WASH programs also enable communities
to take charge of their own health and well-
being, therefore promoting higher production
and economic growth 12, Maintaining
sufficient nutrition depends on the availability
of hygienic, uncontaminated water since it is
required for food preparation, consumption,
and preserving personal cleanliness 3.

This study aims to close this information gap
by means of a structural equation modeling
technique to probe the complex interactions
among the WASH framework's factors and the
open defecation practice. Several excellent
case studies offer strong proof of the major
impact WASH programs have on river-side
populations. Jambi, Indonesia, undertook a
thorough Water, Sanitation, and Hygiene
(WASH) program. Water treatment plants
were built under this initiative, water
distribution systems were installed, and
community-led sanitation committees were
established. As a result, waterborne infections
dropped significantly, which  generally
improved the general state of the society &.
Similar success stories from other riverfront
towns around the globe show the
effectiveness of targeted WASH treatments .
Water, Sanitation, and Hygiene (WASH)
projects implemented in riverfront
communities provide particular difficulties and
constraints. Three major challenges are
geographical restrictions, limited resources,
and poor infrastructure 6. Furthermore
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impeding the acceptance and execution of
improved sanitation techniques are cultural
attitudes and a resistance to change °.

Overcoming these obstacles calls for
a whole approach involving government
institutions, non-governmental groups, and
strong community participation in order to
cooperate among them. What relationship
exists between the WASH framework's
variables and open defecation occurrence?
The aim of this study is to identify the elements
causing open defecation and investigate the
complex interactions among these elements
and the variables inside the WASH paradigm.
An original contribution to the field of WASH
research is the PLS-SEM approach applied to
investigate the complex interactions between
WASH-related variables and the behavior of
unclean feces disposal. There is a theory
implying significant relationships between the
WASH framework's factors and the open
defecation behavior. Structural equation
modeling is said to help one better understand
these links.

METHOD

This study followed an analytical
observation approach with a cross-sectional
survey, therefore applying a research
methodology. The approach followed
environmental observation and a methodical
questionnaire. The variables and their
interactions inside the WASH domain were
found by a methodical investigation, which
also affected open defecation habit.
Convenience sampling let participants be
chosen from the suitable population with 100
respondent from riverside community in
Muaro Jambi District, Indonesia. Inclusions
criteria was Those who were 18 years of age
or over, resided in the approved study area,
and indicated they would be wiling to
participate formed the eligibility requirements.
Exclusions criteria was those unable of giving
informed permission, those with severe
cognitive disabilities, or those too sick to
participate were among the excluded groups.

Skilled data collectors personally handed a
well-organized questionnaire to be used for
data collecting. Environmental observations
also were conducted at the homes. Partial
Least Squares Structural Equation Modeling
(PLS-SEM) was applied in data analysis. The
study got ethical approval and made sure
every participant gave informed permission
before the survey. This study stands out from
previous studies by looking at the complex
interactions between WASH-related variables
and the behavior of unclean feces disposal
using the PLS-SEM technique. The links
between Water, Sanitation, and Hygiene
(WASH) parameters and the behavior of
incorrect feces disposal are investigated in
this work using Partial Least Squares
Structural Equation Modeling (PLS-SEM).
Strong resilience, adaptability, and efficacy in
both confirmatory and exploratory research
define PLS-SEM as somewhat well-known. Its
solutions, which give prediction and estimate
top priority in order to expose causal links and
predictive  capacity, are  well-known.
Furthermore, PLS-SEM is recommended
since it can effectively manage tiny sample
sizes, so fitting for the study of complex
models.

RESULT AND DISCUSSION

The survey findings indicated that the
most prevalent age group among the
respondents fell within the range of 38-47
years, with women comprising 64% of the
participants. A considerable proportion of the
participants exhibited low levels of education
(72%) and incomes that fell below the
minimum wage (66%). Diarrhea was the
predominant iliness over the last six months,
impacting 55% of the participants.
Furthermore, it was found that midwives were
the healthcare providers most frequently
visited, as indicated by 72% of the
respondents who sought their services (as
shown in Table 1).
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Table 1. Respondent Characteristic

Variable Category Total Percentage
18-27 10 10 %
28-37 15 15 %
Age 38-47 32 32 %
48-57 25 25 %
>58 18 18 %
Gender Male 36 36%
Female 64 64%
Higher education of Low education 72 72%
family members High education 28 28%
Below minimum 66 66%
Income salary
Above minimum 44 44%
salary
Acute Respiratory 15 15%
Infections
Dengue Hemmorage 3 3%
Fever
Malaria 1 1%
Diseases of the last 6 Tuberculosis 3 3%
months Diarrhea 55 55%
Thyfoid 2 2%
Eksim 13 13%
Other 29 29%
Community Health 28 28%
Center
Midwives 72 72%
Health facilities visited Private Health 10 10%
Clinics
Herbal 6 6%
Other 4 4%

Source: Primer Data

The results of outer loadings for
different variables in a structural equation
modeling (SEM) analysis are shown in Table
2. The strength of the association between
the latent variables (constructs) and the
observed variables (indicators) is shown by
outer loadings. "Higher education of family
members" is the indicator for the Education
variable, and it has a loading of 1.000,
meaning that it perfectly represents the
Education construct. The indicators "Monthly
Income of Family" and "Open Defecation
Habits" both have loadings of 1.000, and the
same is true for the Income and Open
Defecation Habits variables. With loadings

ranging from 0.742 to 0.939, the indicators for
the  hygiene  construct  demonstrate
significant to very strong connections. The
indicators of the Water construct exhibit
robust to extremely robust connections, with
loadings varying between 0.780 and 0.928.
With loadings ranging from 0.677 to 0.820,
the indicators for the Sanitation construct, on
the other hand, demonstrate adequate to
significant  correlations. Overall, these
outside loadings imply that, within the
parameters of this study, the indicators used
are valid and trustworthy for measuring their
respective constructs.
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Table 2. Findings of Outer Loadings

Variable

Education  Hygiene  Water Open Sanitation Income

Defecation
Habits

Education
(Higher education of family
members)

1.000

Income
(Monthly Income of Family)

1.000

Open Defecation Habits

1.000

Hygiene

H1 (Clean and Healthy
Living Behavior)

0.920

H2 (Smoking behavior)

0.866

H4 (Garbage Disposal)

0.939

H5 (Handwashing Habits)

0.742

H6 (Self-cleaning habits)

0.865

H7 (The habit of cleaning
water reservoirs)

0.861

Water

W2 (Clean Water Access)

0.780

W3 (Use of Drinking Water)

0.928

W4 (Clean Water Storage)

0.918

Sanitation

S3 (Availability of Latrines)

0.677

S4 (Latrine Condition)

0.677

S8 (Septic Tank Conditions)

0.770

S9 (Windows and Lighting)

0.820

The
reliability analyses

Education and Income

results of the validity and
utilizing Cronbach's
Alpha, Rho_A, Composite Reliability (CR),
and Average Variance Extracted (AVE) are
shown in Table 3. All measures for the

and an AVE of 0.753, the Hygiene construct
demonstrates good reliability and validity.
This means that the construct accounts for
more than 75% of the variance in the
indicators. The Water construct has a

constructs score Cronbach's Alpha of 0.860, Rho_A of 0.945,

1.000, showing perfect measurement by their
indicators. These constructs also show
perfect internal consistency, reliability, and
convergent validity. Rho_A and CR both
rating 1.000, which show perfect reliability
and composite reliability for the Open
Defecation Habits design. With Cronbach's

CR of 0.909, and AVE of 0.771, all of which
indicate strong validity and reliability. The
Sanitation construct demonstrates
respectable validity and reliability, as
evidenced by Cronbach's Alpha and Rho_A
values of 0.725, 0.828, and 0.548,
respectively.

Alpha and Rho_A over 0.9, a CR of 0.948,

Table 3. Findings of Validity and Reliability

Variable Cronbach’s Rho_A Compositer Avarage Variance
Alpha Reliability (CR) Extraced (AVE)
Education 1.000 1.000 1.000 1.000
Income 1.000 1.000 1.000 1.000
Open Defecation Habits 1.000 1.000
Hygiene 0.933 0.942 0.948 0.753
Water 0.860 0.945 0.909 0.771
Sanitation 0.725 0.725 0.828 0.548
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The findings of a path analysis that
looked at the connections between different
variables and open defecation behaviors—
with hygiene serving as a mediating
variable—are shown in Table 4. The results
show a strong inverse connection (coefficient
=-0.536, p=0.001) between open defecation
behaviors and hygiene, suggesting that
better hygiene is linked to less open
defecation practices. greater water and
sanitation facilities are linked to greater
hygiene, as evidenced by the substantial
positive relationships found between water
access and hygiene (coefficient = 0.303, p =
0.007) and between sanitation and hygiene
(coefficient = 0.487, p < 0.001).

On the other hand, there is no

(coefficient = -0.493, p = 0.861), income
(coefficient = -0.030, p = 0.675), or education
(coefficient = 0.067, p = 0.377). Furthermore,
there is no significant link between open
defecation practices and water (coefficient =
-0.009, p = 0.911) and sanitation (coefficient
= 0.058, p = 0.479) moderating effects of
hygiene.

The analysis shows that improving
cleanliness behaviors directly lowers the
prevalence of open defecation. While
increasing infrastructure for water and
sanitation helps to enhance hygiene, these
improvements alone will not significantly
reduce open defecation rates unless hygiene
is taken into account as a mediating element.
The habits of open defecation are not

statistically significant relationship between significantly impacted by income or
open defecation practices and water education.
(coefficient = -0.128, p = 0.355), sanitation
Table 4. Path Coefficient Results
Variable Sample Standard T Statistic P Values
Mean (M) Deviation (SD)
Hygiene - Open Defecation Habits  -0.536 0.156 3.463 0.001
Water > Open Defecation Habits -0.128 0.144 0.926 0.355
Sanitation 2 Open Defecation -0.493 0.121 0.175 0.861
Habits
Income 2> Open Defecation Habits -0.030 0.076 0.420 0.675
Education > Open Defecation 0.067 0.074 0.892 0.377
Habits
Water = Hygiene 0.303 0.111 2.730 0.007
Sanitation > Hygiene 0.487 0.095 5.106 0.000
Moderating -0.009 0.082 0.112 0.91
Water > Hygiene - Open
Defecation Habits
Moderating 0.058 0.081 0.709 0.479

Sanitaiton > Hygiene 2> Open
Defecation Habits

DISCUSSION

With cleanliness acting as a
mediator, the route analysis results shown in
Table 4 offer significant new perspectives on
the elements affecting open defecation
practices. The primary results show that
better hygienic standards greatly lower open
defecation practices. This is in line with
earlier ideas and studies stressing the need
of hygiene in advancing public health and
discouraging unclean habits.

The outcomes of this research shed
light on the intricate interactions among
WASH-related factors and the habit of
improper disposal of feces. Effective WASH
programs depend mostly on encouraging
behavior modification and community
involvement. Challenges to ingrained cultural
ideas and the encouragement of the
acceptance of better sanitation methods
depend mostly on awareness campaigns and
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education. By means of community
involvement, WASH initiatives become
owned and sustainable when community
members actively participate in the decision-
making and execution procedures. Involving

w2

'\0.780 —_

4—0.928 —| 0.909

w3

0.918
k
w4
Water
WTR*HGY*OQH

0.303
H1

H2

H4

H5

HE

H7
0.487

S3

sS4

S8

Sanitation

S9

Hygiene

the community helps initiatives to be more
successful and catered to the particular
needs of riverfront regions areas.

Education

1.000

Education
0.133

-0.021

SNT*HGY*PDH

Income

Figure 1. Final Model Diagram Path

Hygiene as a Key Factor

Programs aimed at increasing
hygiene, like handwashing campaigns and
the provision of clean sanitation facilities, can
efficiently lower open defecation behaviors
according to the substantial negative
relationship between hygiene and open
defecation practices (coefficient = -0.536, p =
0.001). This emphasizes the need of
including sanitary infrastructure and hygienic
education into policies meant to solve the
open defecation issue.

A study shows the inverse link
between open defecation behaviors and
hygiene, which emphasizes the need of
treatments meant to solve open defecation
by means of enhancing hygiene practices °.
This result fits the knowledge that insufficient

sanitary facilities and poor hand hygiene help
to spread diseases '’. Furthermore, studies
have revealed a clear Ilink between
inadequate waste disposal and diarrhea
infections and the absence of effective hand
washing facilities '®. A study also underlines
the significance of considering elements such
poverty, degree of education, and rural
residence as predictors of open defecation °.
The negative coefficient emphasizes the
need of funding sanitary facilities and
hygiene education in order to address open
defecation habits. Encouragement of
handwashing with soap has been found in
studies to greatly lower infection risk 2°.
Furthermore, community-led initiatives have
been successful in improving access to better
sanitation facilities and lowering open
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defecation rates 2! 22, It is important to take
social norms and community involvement
under consideration  while  designing
sanitation campaigns to effectively combat
open defecation 23. The negative correlation
between open defecation practices and
hygiene illustrates how well programs aimed
at improving hygiene help to lower open
defecation. Interventions targeting
socioeconomic causes, inadequate
sanitation facilities, and poor hand hygiene
can help to significantly lower the prevalence
of open defecation and enhance public health
results..

Water and Sanitation Access

Better access to clean water and
sanitation facilities helps to promote hygiene
indicated by the strong positive correlations
between water access and hygiene
(coefficient = 0.302, p = 0.007) and between
sanitation and hygiene (coefficient = 0.487, p
< 0.001). On open defecation practices,
however, the direct impacts of water access
(coefficient = -0.128, p = 0.355) and
sanitation (coefficient =-0.491, p = 0.861) are
not statistically significant. This emphasizes
that although water and sanitation facilities
are crucial for hygiene, their direct influence
on lowering open defecation practices could
not be significant without changes in hygienic
standards.

The beneficial relationships between
sanitation and hygiene as well as between
water access and hygiene highlight the
critical part clean water and sanitation
facilities play in encouraging appropriate
hygiene practices 2*. These results line well
with the knowledge that successful Water,
Sanitation, and Hygiene (WaSH) initiatives
depend critically on water quality and
quantity, sanitation access, and hygienic
practices 2*. Furthermore underlined by the
need of hand hygiene as a fundamental
component of infection control in hospital
environments is the great relevance of
hygiene in stopping disease spread 2°. While
the direct effects of water supply and
sanitation on open defecation practices were

not statistically significannt 24, it is still vital to

recognize that hygienic behaviors are
absolutely vital in lowering the open
defecation rates. Interventions targeted on
hygiene education, handwashing, and
sanitation infrastructure have shown to
dramatically lower open defecation patterns
2122 Moreover, the efficiency of sanitation
and hygiene practices—hand washing and
toilet access—has been demonstrated to
enhance health outcomes and lower diarrhea
rates 2. By means of community-led
projects, access to better sanitation facilities
has been effectively enhanced and open
defecation rates have been lowered 2'.
These projects highlight the need of taking
social conventions, community participation,
and the supply of suitable sanitation facilities
into account in order to handle open
defecation habits 23. Furthermore, the
connection between better hygiene habits
and closeness to water sources emphasizes
the need of easy access to water in so
fostering good hygiene practices 2’. In
essence, even although water and sanitation
facilities are crucial for maintaining
cleanliness, their direct influence on lowering
open defecation practices may be limited in
absence of concomitant increases in hygiene
standards. Thus, properly addressing open
defecation and improving public health
outcomes need thorough measures including
hygiene education, sanitation infrastructure
development, and community involvemen.

Influence of Income and Education

The result that income (coefficient = -
0.030, p = 0.675) and education (coefficient
= 0.067, p = 0.377) does not show any
significant  direct influence on open
defecation practices begs issues regarding
other maybe more important determinants.
Although education and affluence are usually
seen as factors influencing health behaviors,
our findings imply that they might have more
indirect or contextual influence on altering
open defecation practices. For example,
changes in social conventions or more
access to resources and information could
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affect income and education, therefore
influencing these behaviors.

As advised by Hagger et al. (2020), the
minimal direct impacts of money and
education on open defecation habits point to
the possibility that these elements may not
directly influence such practices ?8. Rather,
better wealth and education levels probably
have more indirect effects by improving
access to resources and information,
therefore influencing behaviors linked to
open defecation. Furthermore, these
socioeconomic elements could influence
open defecation habits by means of changes
in social conventions inside different
societies  %°. Research emphasizes the
important part social conventions, community
involvement, and access to upgraded
sanitation facilities play in lowering open
defecation rates *°, 3. While social pressure
and peer monitoring are acknowledged
tactics for encouraging toilet usage,
community-led sanitation projects have been
successful in promoting latrine construction
and deterring open defecation 2' (Orgill-
Meyer et al., 2019).

Moreover, research show how strongly habits
affect behavior and underline how much they
determine activities like open defecation %2,
33, Promoting sanitary practices and lowering
open defecation rates depends on an
awareness of the psychological elements
and causes behind personal defecation
habits, including social conventions and
knowledge of health  advantages®.
Furthermore, poverty has been found to be a
main determinant of open defecation
practices, therefore  highlighting the
complicated interplay between
socioeconomic level and hygienic practices
35 All things considered, even if income and
education might not directly affect open
defecation practices, they most certainly play
significant roles indirectly by improving
access to resources, changing social
conventions, and funding community-based
sanitation initiatives. Dealing with open
defecation calls for a comprehensive strategy
including community involvement, social

conventions, habit development, and access
to sanitary facilities to support hygienic habits
and hence enhance public health results.

Moderation by Hygiene

With open defecation practices, the
moderation effects of hygiene on the
relationships between water (coefficient = -
0.009, p = 0.911) and sanitation (coefficient =
0.058, p = 0.479) are not significant, so
indicating that hygiene does not greatly
strengthen or weaken the direct effects of
water and sanitation. This implies that even if
cleanliness is crucial, policies aiming just on
improving water and sanitation access
without thorough attempts to improve
hygiene behaviors could not be adequately
successful.

Although cleanliness is still very
important, the lack of notable moderation
effects of hygiene on the links between water
and sanitation and open defecation
behaviors implies that it does not greatly
strengthen or weaken the direct benefits of
water and sanitation on open defecation
practices. This result suggests that open
defecation may not be adequately addressed
by policies emphasizing only on increasing
water and sanitation access without thorough
attempts to improve hygiene practices 3¢.

Research emphasizes the important
part knowledge, attitudes, and practices
(KAP) connected to Water, Sanitation, and
Hygiene (WASH) in determining waterborne
disease  frequency in  communities.
Insufficient WASH education can support
unsanitary behaviors and attitudes, therefore
causing water pollution and disease
dissemination. Furthermore noted as a
contributing cause to higher open defecation
rates and unclean practices is the
socioeconomic level of populations, therefore
contaminating water supplies with bacterial
diseases ¥'.

Success in enhancing sanitation and
hygiene habits in many contexts has come
from community-led total sanitation projects
including Community-Led Total Sanitation
(CLTS). Reduced open defecation, more
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toilet coverage, and improved community
hygiene are outcomes of these projects.
Moreover, better hygiene practices—such as
hand washing and access to sanitary
facilities—clearly help to lower diarrhea rates
and thereby enhance general health
outcomes 2.

By encouraging handwashing with
soap, safe water treatment and storage, solid
waste management, and liquid waste
management, sanitation improvement
activities including CLTS tactics seek to
establish open defecation-free communities.
These all-encompassing strategies improve
sanitation and hygiene standards and attack
the underlying reasons of unclean behaviors
38

Although cleanliness might not
greatly change the direct effects of water and
sanitation on open defecation practices, it is
important to understand how closely these
elements interact to improve public health.
Dealing with open defecation calls for a
whole strategy including water and sanitation
projects together with hygienic promotion.
Comprehensive methods can effectively
reduce open defecation and improve hygiene
habits in communities by addressing
socioeconomic settings, encouraging
community involvement, using behavior
modification interventions, and guaranteeing
access to suitable sanitation facilities *°.

CONCLUSION

Ultimately, the results highlight the
important part hygiene plays in determining
open defecation practices and serve as a
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