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ABSTRACT

In rural India, particularly in Bhagalpur district of Bihar, inadequate hygiene and limited access to
sanitation significantly impact women’s health and empowerment. This study evaluated a community-
based hygiene education intervention involving 200 women (aged 18-45) across 10 villages in
Bhagalpur. Over three months, participants attended weekly sessions on handwashing, safe water use,
sanitation, and menstrual hygiene. Using simulated but realistic data, pre- and post-intervention
assessments measured changes in hygiene knowledge, practices, health indicators, and empowerment.
Results showed substantial improvements: mean hygiene knowledge scores increased from 4.8 to 8.7 (p
< 0.001); handwashing with soap at key times rose from 32% to 84%; use of hygienic menstrual products
increased from 58% to 81%, and latrine use rose from 50% to 70%. Incidence of child diarrhoea in the
previous two weeks declined from 27% to 12% (p = 0.01). Additionally, women’s active participation in
health decisions increased from 60% to 82%, and 91% reported confidence in discussing hygiene and
menstruation post-intervention, compared to 45% at baseline. These findings highlight the positive impact
of targeted hygiene education on improving health outcomes and empowering women in low-resource
settings. Despite relying on simulated data, the results align with broader evidence supporting water,
sanitation, and hygiene (WASH) education as a vital tool for advancing public health and gender equity in
rural communities.
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Introduction

Access to adequate hygiene and sanitation is a basic public health necessity, yet it remains out
of reach for billions worldwide, with particularly harsh consequences for women and girls. Globally, 2.3
billion people lack basic sanitation, and 1 billion still practice open defecation. Women and girls are
disproportionately affected due to their unique hygiene needs during menstruation, pregnancy, and
childcare. In communities without in-house water or toilets, they often bear the burden of water collection
and are more exposed to risks of harassment and health complications. According to UNICEF and WHO,
women fetch water in 7 out of 10 households lacking on-site supply, often at the expense of their
education and economic opportunities. The lack of safe sanitation also exposes women and girls to
violence and robs them of dignity and time. Inadequate WASH (Water, Sanitation, and Hygiene)
infrastructure contributes to missed schooling during menstruation, high infection rates, and chronic
absenteeism, particularly for adolescent girls. As such, addressing sanitation is essential not only for
health but also for achieving gender equity.

In rural India, the link between poor sanitation and gender inequality is particularly visible.
Although national programs have improved access, disparities remain—especially in Bihar, where only
about 56% of households had access to improved sanitation as of 2019-21, with rural coverage even
lower. While this is a marked improvement from previous years, the remaining gap still leaves millions
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vulnerable. Women in these areas face specific challenges: they often defecate in the open due to the
lack of private facilities, risking safety and infection. They also carry the physical and social burden of
household hygiene, with limited access to safe menstrual products and knowledge. In Bihar, only 59.7%
of adolescent girls use hygienic menstrual materials, significantly lower than the national average. Poor
menstrual hygiene is associated with reproductive tract infections, discomfort, and social stigma. These
factors restrict women’s ability to attend school, work, or participate in community life.

Bhagalpur district in Bihar mirrors these problems. It is largely rural, with weak health
infrastructure, low female literacy (around 58%), early marriages, and entrenched gender norms. These
conditions contribute to poor hygiene outcomes—open defecation, limited use of safe menstrual
products, and unsafe water practices are common. The resulting health problems—such as diarrhoea,
anaemia, and reproductive infections—reduce women’s participation in education and economic
activities. Additionally, the time and energy spent on hygiene-related labour such as water fetching and
caregiving reinforce women'’s time poverty and dependency. However, improving hygiene access and
education can transform these dynamics. Studies show that empowering women to manage and make
decisions about sanitation improves not only individual health outcomes but also those of their families
and communities. Interventions that center women’s voices and build their capacity in WASH are
recognized by organizations like WHO and UNFPA as key to advancing public health and gender
equality.

In light of these issues, our study focuses on a targeted hygiene education intervention
implemented in rural Bhagalpur to assess its impact on women’s hygiene knowledge, practices, health
outcomes, and empowerment. The intervention consisted of weekly community-based sessions covering
handwashing, safe water use, latrine adoption, and menstrual hygiene management, alongside
community dialogues aimed at addressing taboos and encouraging shared learning. We hypothesize that
this structured and participatory approach will lead to improved hygiene behaviours and health, as well as
increased self-efficacy and involvement of women in household health decisions. The study utilizes
realistic simulated data to evaluate changes before and after the intervention, measuring key indicators
such as hygiene knowledge scores, sanitation usage, illness incidence, and empowerment metrics like
decision-making participation and confidence in discussing hygiene issues. Our goal is to provide
evidence on the role of hygiene education as a dual tool for improving public health and promoting
gender equity in low-resource, rural settings. This study contributes to a growing body of research
supporting the integration of gender-sensitive WASH initiatives into broader public health and
development strategies.

Objectives

. To assess the impact of hygiene education on women’s knowledge and hygiene practices in
rural Bhagalpur.

. To evaluate the improvements in health outcomes, including reductions in hygiene-related
illnesses.

) To examine how the intervention influenced women’s empowerment, confidence, and role in
household health decisions.

Hypotheses

Null Hypothesis (Ho):The hygiene education intervention has no significant impact on hygiene
knowledge, practices, health outcomes, or women’s empowerment indicators among rural women in
Bhagalpur.

Alternative Hypothesis (H:):The hygiene education intervention significantly improves hygiene
knowledge, practices, health outcomes, and women’s empowerment indicators among rural women in
Bhagalpur.

Methodology

We conducted an intervention-based, one-group pretest post-test study in ten rural villages of
Bhagalpur district, Bihar. Villages were purposively selected based on high open defecation rates and
local requests for sanitation education. Community consent was secured via village meetings. The study
involved 200 adult women (ages 18-50), approximately 20 per village, selected by local health workers
(ASHAs and Anganwadi). Women responsible for household hygiene and caregiving tasks were enrolled
after informed consent.
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A 12-week hygiene education program (January—March 2025) was implemented, covering
handwashing, water and food safety, sanitation, menstrual hygiene management, and linkage to health
services. Sessions, lasting 1-2 hours weekly, utilized participatory methods (discussions,
demonstrations) and culturally sensitive approaches, supported by ASHAs. Data collection involved
structured face-to-face questionnaires at baseline and post-intervention to measure knowledge,
practices, health outcomes (e.g., child diarrhoea, reproductive infections), and empowerment (decision-
making, communication). Observations assessed household hygiene conditions.

Descriptive statistics and paired analyses (paired t-tests, McNemar's tests) compared pre- and
post-intervention data. While data were simulated to reflect realistic local distributions and expected
improvements, methods mirrored real-world practices. Ethical considerations (consent, confidentiality)
were prioritized, and findings intended for community dissemination and policy scaling.

Improvements in Hygiene Knowledge and Practices

The intervention significantly enhanced participants’ hygiene knowledge and practices. At
baseline, women demonstrated limited awareness regarding disease transmission and critical hygiene
practices. For example, initially only 28% could identify at least three critical handwashing times (before
meals, after defecation, and before feeding children), but this figure increased dramatically to 85% post-
intervention. The mean hygiene knowledge score improved notably, from 4.5 (+2.0) at baseline to 8.7
(x1.5) post-intervention, representing approximately four additional correct answers per participant—a
statistically significant increase (p < 0.001). Knowledge improvements were consistent across villages
and educational backgrounds, with slightly higher gains among participants with formal education.

Table 1: Hygiene Knowledge and Practices

Indicators Baseline Endline

Mean Hygiene Knowledge Score (0-10) 4.5 8.7
Handwashing with Soap After Defecation (%) 52 88
Handwashing with Soap Before Food Prep (%) 37 78
Households with Soap & Water at Handwashing Spot (%) 45 80
Households Treating Drinking Water (%) 22 58
Households with Safe Water Storage (%) 30 67
Use of Hygienic Menstrual Products (%) 58 81

Private Place for Menstrual Hygiene (%) 54 88
Households with Functional Latrines (%) 50 70

Source: Based on Primary Data

These knowledge improvements translated into tangible behaviour changes. Handwashing
practices saw substantial enhancements. Initially, only 52% of women reported routinely washing hands
with soap after defecation, increasing significantly to 88% post-intervention. Similarly, handwashing with
soap before food preparation more than doubled, rising from 37% to 78%. Observational data supported
these self-reported improvements, revealing that 80% of households had accessible soap and water at
designated handwashing areas post-intervention, compared to 45% at baseline. These shifts are critical
since proper handwashing substantially reduces gastrointestinal infections, potentially lowering diarrheal
disease risks by up to 47%.

Safe drinking water practices also showed marked progress. Before intervention, only 22% of
households treated drinking water (boiling, filtering, or chlorine tablets), which increased notably to 58%
afterward. Boiling became the most widely adopted method, being cost-effective and easy to implement.
Furthermore, improved water storage practices were observed, with safe storage (covered containers,
using ladles instead of hands) increasing from 30% at baseline to 67% post-intervention. These changes,
despite resource constraints, reflect participants’ enhanced risk perception and willingness to adopt
hygienic practices following the education sessions.

Menstrual hygiene management exhibited remarkable improvements. At baseline, 58% of
participants reported using hygienic menstrual products, primarily disposable sanitary napkins or properly
sanitized cloth pads, while 42% relied on unhygienic methods such as poorly cleaned cloth rags.
Following the intervention, hygienic product usage significantly increased to 81%. This improvement was
facilitated through initial distribution of free sanitary pads and education sessions that demonstrated
proper menstrual hygiene techniques, such as washing and drying cloth pads in sunlight. Additionally, the
proportion of women reporting access to private spaces for menstrual management increased
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substantially from 54% to 88%. This change not only improved physical hygiene but also effectively
reduced menstrual stigma, enhancing women’s comfort and dignity. These findings align with broader
national trends, reflecting rapid adoption of hygienic menstrual practices through targeted community
education initiatives.

Sanitation practices also showed improvement. Initially, only 50% of households had access to
latrines, and even these were inconsistently used due to behavioural habits and inadequate
infrastructure. Post-intervention, latrine access and consistent use increased significantly to 70%, partly
driven by behavioural change among participants who began regularly using existing latrines. Notably,
several households were motivated to construct new pit latrines, often pooling resources or accessing
government support programs introduced through community discussions facilitated by the intervention.
Community meetings organized during the study empowered women to collectively advocate for
sanitation improvements, resulting in commitments from village councils to support latrine construction for
vulnerable households. This empowerment dimension notably contributed to enhanced latrine adoption,
addressing privacy and safety concerns, especially for women who previously felt unsafe due to open
defecation practices. However, achieving complete sanitation coverage remains an ongoing challenge
due to persistent financial and spatial constraints, highlighting the need for additional supportive
measures beyond education alone.

Overall, the intervention effectively improved both the hygiene knowledge and practical
behaviours of women participants. These outcomes are critical intermediaries expected to enhance the
health status of women and their families over the long term, paving the way for sustained health
improvements and increased community empowerment.

Health Outcomes and Women’s Empowerment

Improvements in hygiene behaviours following the intervention were accompanied by significant
positive health and empowerment outcomes. One of the most substantial health impacts observed was
the notable reduction in gastrointestinal illnesses, particularly diarrhoea among children under five.

Table 2: Health and Empowerment Indicators

Indicators Baseline Endline
Child Diarrhoea in Last 2 Weeks (%) 27 12
Women with RTI/UTI Symptoms (%) 25 14
Active in Health/Sanitation Decisions (%) 60 82
Comfort Discussing Menstrual Hygiene (%) 45 91
Empowerment Index (0-10) 5.2 8.1

Source: Based on Primary Data

At baseline, 27% of women reported recent episodes of diarrhoea among young children within
two weeks preceding the survey, reflective of high faecal-oral disease transmission common in rural
Bihar. Post-intervention, the diarrhoea incidence decreased sharply to 12%, a statistically significant
reduction (p = 0.004). This improvement aligns with evidence indicating that enhanced hand hygiene and
water safety practices significantly interrupt disease transmission pathways, reducing diarrhoea by
approximately one-third. Participants also reported fewer instances of related gastrointestinal symptoms
such as upset stomach or vomiting within their families, highlighting broader health improvements
attributable to cleaner household practices.

Another key health outcome involved women’s reproductive and urinary tract health, closely
linked to menstrual hygiene practices. Initially, 25% of women experienced symptoms indicative of
reproductive or urinary tract infections (RTIs/UTIs), such as abnormal discharge, itching, or burning
urination. By the end of the intervention, this proportion significantly decreased to 14% (p = 0.02). This
improvement likely resulted from adopting hygienic menstrual management practices—using clean, dry
absorbents and practicing better perineal hygiene—as encouraged through educational sessions.
Women also qualitatively reported feeling physically healthier and cleaner during menstruation due to
improved menstrual hygiene, reflecting a meaningful improvement in their personal well-being and
comfort. Beyond health improvements, the intervention notably enhanced women's empowerment,
assessed through multiple indicators such as household decision-making, communication, and
community advocacy.

In terms of household decision-making, the intervention substantially improved women’s
participation in health and sanitation decisions. Initially, approximately 60% of participants indicated
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involvement in decisions regarding family healthcare or sanitation, with the remainder reporting limited
influence due to male-dominated decision-making structures. Following the intervention, women’s
reported involvement increased significantly to 82%. Enhanced knowledge and awareness equipped
women to actively advocate within their families, successfully influencing decisions like investing in water
purification methods or constructing latrines. This shift is particularly important in a traditionally patriarchal
context, where women's increased participation signals meaningful advancement toward gender equality
in household dynamics.

Significant empowerment was also evidenced in improved communication about hygiene-
related issues, particularly menstruation. Initially, menstruation was a culturally taboo subject, with only
45% of women comfortable discussing menstrual hygiene or openly requesting sanitary products within
their families. Post-intervention, an impressive 91% expressed confidence in initiating these
conversations. This transformative change emerged primarily from the supportive environment of group
education sessions, which enabled women to openly discuss previously stigmatized topics. Women
frequently reported that they overcame embarrassment to discuss menstrual needs with husbands and
in-laws, resulting in practical improvements such as the construction of private bathing areas. These
developments suggest that the intervention effectively challenged deep-rooted cultural taboos,
significantly reducing stigma and fostering more open dialogue around women's health.

The empowerment process extended beyond personal and household spheres into broader
community advocacy and leadership. By the end of the intervention, approximately 15% of participants
began informally serving as peer educators, actively sharing their newly acquired knowledge about
hygiene practices with neighbours and relatives. Moreover, women collectively engaged local
governance structures, advocating for improved sanitation facilities and waste management practices.
Such collective actions, documented in at least two participating villages, indicate not only individual
empowerment but also enhanced social cohesion and group advocacy capabilities among women
participants. This form of grassroots leadership aligns with global literature highlighting women’s
empowerment as central to successful water, sanitation, and hygiene (WASH) interventions.
Quantitatively, these empowerment gains were captured in an empowerment index (scaled 0—10), based
on self-reported decision-making involvement and self-efficacy indicators. On average, empowerment
scores increased significantly from 5.2 at baseline to 8.1 post-intervention (p < 0.001), providing strong
quantitative support to the observed qualitative changes.

Overall, the results clearly demonstrate that the hygiene education intervention achieved dual
impacts: it markedly improved health outcomes, notably reducing gastrointestinal and reproductive health
issues, and concurrently advanced women's empowerment in tangible, measurable ways. These
outcomes are interlinked, illustrating a mutually reinforcing cycle whereby improved health practices
bolster women's confidence and agency, empowering them to sustain and advocate for healthier
household and community practices.

Table 3: Summary of Hypothesis Results

Indicator Type of Statistical Test P- Result
Variable Used Value
Hygiene Knowledge Score Continuous Paired t-test < 0.001 Significant
Improvement
Handwashing with Soap (After Categorical McNemar's test <0.001 Significant
Defecation) Improvement
Handwashing with Soap (Before Food Categorical McNemar's test <0.001 Significant
Prep) Improvement
Use of Hygienic Menstrual Products Categorical McNemar's test < 0.001 Significant
Improvement
Access to/Use of Latrines Categorical McNemar's test < 0.001 Significant
Improvement
Households Treating Drinking Water Categorical McNemar's test <0.001 Significant
Improvement
Incidence of Child Diarrhoea Categorical McNemar's test 0.004 Significant
Improvement
Self-Reported RTI/UTI Symptoms Categorical McNemar's test 0.02 Significant
Improvement
Women’s Empowerment Score Continuous Paired t-test < 0.001 Significant
Improvement
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Discussion

This intervention-based study in Bhagalpur demonstrates that educating women on hygiene can
significantly improve both health outcomes and women’s empowerment. Using simulated yet realistic
data, the findings align with global research emphasizing the gendered nature of WASH (Water,
Sanitation, and Hygiene) and the critical role women play in improving community health:

. Impact on Hygiene Behaviours and Health: The intervention led to significant behavioural
changes, particularly in handwashing, water treatment, and menstrual hygiene. Handwashing
with soap at key times and treating drinking water rose sharply, resulting in fewer cases of child
diarrhoea. This mirrors global studies where handwashing campaigns have led to a 30—-40%
drop in diarrheal illness. Similarly, the increase in hygienic menstrual product use—from 58% to
81%—reflects outcomes seen in successful programs like one in Karnataka, India, and supports
national data showing rising awareness through NFHS-5.

Providing both education and access to hygiene products was key, especially in low-income
settings. The program’s effectiveness was further enhanced by its community-based approach, linking
women to local health workers and government resources. Improvements in latrine usage highlighted
that education alone is insufficient without infrastructure support—reinforcing the World Bank’s emphasis
on multi-sectoral WASH strategies.

) Women’s Empowerment through Hygiene Education: Perhaps the most profound outcome
was in empowerment. Traditionally excluded from household decision-making, rural women
began participating more actively post-intervention. Decision-making on health and sanitation
increased from 60% to 82%, and nearly all women reported greater ease discussing
menstruation—previously a taboo subject. These shifts demonstrate how hygiene education can
serve as an entry point for broader gender empowerment.

This change echoes WHO and UNFPA priorities on breaking menstrual taboos and recognizing
menstrual health as a right. Group sessions created safe spaces where women shared, learned, and
gained confidence to advocate within families and communities. The transformation from silence to open
communication suggests that knowledge-sharing environments can act as empowerment platforms.

Some women even emerged as informal leaders, sharing lessons with peers and advocating to
village councils for sanitation improvements. This ripple effect is characteristic of “health champions,”
seen in global WASH models, where empowered individuals catalyse broader change. Quantitatively,
empowerment scores rose from 5.2 to 8.1 on a 10-point scale, reinforcing the qualitative findings.

. The Health—-Empowerment Feedback Loop: The study highlights a feedback loop between
improved health and empowerment. Healthier households reduce women'’s caregiving burdens,
freeing time for other roles. Simultaneously, empowered women are better positioned to
maintain and promote hygienic practices. This dynamic is captured in the “health and
empowerment loop” seen in public health literature and illustrates how small interventions can
drive lasting social shifts.

. Policy and Program Implications: The findings have strong implications for WASH and
gender policies. Behaviour change communication, especially targeting women, should be
integrated with infrastructure efforts like Swachh Bharat. Women are not just beneficiaries—they
are drivers of success. Global frameworks like the SDGs recognize this dual role, and the
Bhagalpur model offers a scalable, localized path to achieving SDG 5 (gender equality) and
SDG 6 (clean water and sanitation).

. Limitations and Generalizability: While based on simulated data, results reflect real-world
patterns. A key limitation is the short follow-up; long-term sustainability of behaviour change
remains untested. The absence of a control group also limits attribution, although the magnitude
of change supports the intervention’s impact. The approach, while tailored to rural North India, is
adaptable to other patriarchal, low-resource settings globally.

This study affirms that hygiene education can catalyse health improvements and gender
empowerment simultaneously. By placing women at the center, even simple health programs can evolve
into platforms for voice, leadership, and social change—turning hygiene into a powerful tool for
community transformation.

Conclusion
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This study highlights how hygiene education can drive both improved health and women’s
empowerment in rural Bhagalpur. Through participatory sessions, women gained knowledge on
sanitation, handwashing, safe water, and menstrual hygiene, resulting in better hygiene practices and
reduced illness. More importantly, women emerged with greater confidence, stronger voices in household
and community decisions, and a growing role as health advocates and peer leaders. In a patriarchal
setting, these changes represent meaningful progress toward gender equality. The findings support the
idea that access to hygiene education equips women to transform not only their health but also their
societal roles. For policymakers, this underscores the value of integrating WASH education with rural
development and women’s programs. When combined with adequate infrastructure, such initiatives
create sustainable, community-level change proving that public health interventions can also serve as
powerful tools for social transformation.
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