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ABSTRACT

Introduction Despite an increasing emphasis on gender
and empowerment in water, sanitation and hygiene (WaSH)
programmes, no rigorously validated survey instruments
exist for measuring empowerment within the WaSH sector.
Our objective is to develop and validate quantitative
survey instruments to measure women’s empowerment

in relation to sanitation in urban areas of low-income and
middle-income countries.

Methods and analysis We are developing the Agency,
Resources and Institutional Structures for Sanitation-
related Empowerment scales through a process

that involves three phases: item development; scale
development and initial validation and scale evaluation
and further validation. The first phase includes domain
specification, item generation, face validity and content
validity assessment and item refinement. The second
phase involves a second round of face validity and content
validity assessment, followed by survey implementation

in two cities (Tiruchirappalli, India and Kampala, Uganda)
and data analysis involving factor analysis and item
response theory approaches as well as reliability and
validity testing. The third phase involves a final round of
face validity and content validity assessment, followed by
survey implementation in three additional cities (Narsapur
and Warangal, India and Lusaka, Zambia) and statistical
analysis using similar approaches as in phase 2 for further
validation.

Ethics and dissemination Ethics approvals have been
received from the Emory University Institutional Review
Board (USA); Azim Premji University and Indian Institute of
Health Management Research Institutional Review Boards
(India); Makerere University School of Health Sciences
Research and Ethics Committee (Uganda); and ERES
Converge Institutional Review Board (Zambia). The study
team will share findings with key stakeholders to inform

,' Amelia Conrad,? Madeleine Patrick,?2 Shauna McManus,®

"JybuAdos Ag perosioid 1senb Agq zzoz 'sT 1snbny uo jwoorfwg uadofwg//:dny woly papeojumoq 'Zzoz Arenigad /T Uo 0TES0-TZ0Z-uadolwa/9eTT 0T St paysiignd 1s1y :uado CING

Strengths and limitations of this study

» We employ rigorous methods to develop survey
instruments, including testing and validating 15
scales, to assess domains of women’s empower-
ment related to sanitation.

» Phased data collection is being carried out across
five urban locations in South Asia and Africa to en-
sure that the survey instruments are valid and com-
parable across contexts.

» Our survey instruments are specific to women in
urban settings; adaptation and further validity test-
ing are needed to develop instruments that can be
administered in other settings (eg, rural, periurban)
and with men.

» The survey instruments are focused on empower-
ment at the individual, household and community
levels; they do not assess empowerment in markets
(eg, across the sanitation value chain) or in relation
to policies and formal governance.

programming activities and will publish results in peer-
reviewed journals.

INTRODUCTION

Despite significant investment and prioriti-
sation, improved water and sanitation access
remain out of reach for large portions of the
global population. Only 71% of the global
population has access to safely managed water
and only 45% has access to safely managed
sanitation.! Water, sanitation and hygiene
(WaSH) programmes have postulated that
improving water and sanitation access will
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lead to improved health, well-being and empowerment of
women.”* However, consistent measurement of empow-
erment outcomes of WaSH programmes remains lacking.

A number of definitions, conceptualisations and
measurement approaches have been proposed for
women’s empowerment. Perhaps the most commonly
used definition is that of Kabeer, who described empow-
erment as ‘the expansion in people’s ability to make
strategic life choices in a context, where this ability was
previously denied to them’.” This definition emphasises
that empowerment is a process, which has led some
researchers to argue that empowerment is best measured
qualitatively.” However, consensus on measurement of
empowerment is lacking. As stated in one review, ‘this
field of study still lacks a coherent conceptual framework
for measurement that can guide researchers in how to
operationalise empowerment’.” A number of indica-
tors and survey instruments have been developed for
measuring women’s empowerment, either broadly or
in specific sectors (eg, agriculture).® However, no rigor-
ously validated survey instruments exist for use within the
WaSH sector.

To address the lack of validated measures of empower-
ment in the WaSH sector, we plan to carry out a valida-
tion study. Our study objective is to develop and validate
quantitative scales to measure domains and subdomains
of women’s empowerment in relation to sanitation in
urban areas of low-income and middle-income countries.
We define a scale as a measure in which items’ values are
determined by an underlying construct.” The Agency,
Resources and Institutional Structures for Sanitation-
related Empowerment (ARISE) scales will assess women’s
empowerment in relation to urban sanitation across 15
sub-domains of empowerment. The ARISE scales will
provide researchers, practitioners and policymakers with
tools to improve the design of sanitation programmes
and policies, evaluate the impacts of interventions and
monitor progress towards global targets, such as the
Sustainable Development Goals. The scales will also
enable examination of the relationship between domains
of sanitation-related women’s empowerment and sanita-
tion access, sanitation behaviours and other characteris-
tics, such as caste and area of residence.

METHODS AND ANALYSIS

Our process for developing the ARISE scales involves
three phases: item development; scale development and
initial validation and scale evaluation and further valida-
tion (see table 1).

Phase 1: item development

Domain specification

The domains and subdomains of the scales are based on
the conceptual model of women and girls’ empowerment
developed by Van Eerdewijk et al.'’ While many concep-
tual frameworks of empowerment have been developed,
this framework has been adopted by the Bill & Melinda

Gates Foundation (BMGF) to inform their programming,
including within and beyond WaSH. Van Eerdewijk et al
define empowerment as ‘the expansion of choice and
strengthening of voice through the transformation of
power relations, so women and girls have more control
over their lives and futures.”!” The conceptual model
includes three domains of empowerment—resources,
agency and institutional structures—each with multiple
subdomains."’

Using this conceptual model, we conducted a system-
atic review of peerreviewed literature related to empow-
erment in WaSH. Details of the methods and results of
the systematic review are described elsewhere.!’ We devel-
oped sanitation-specific definitions for each subdomain of
empowerment, drawing on the conceptual model’s defi-
nitions with adaptations informed by the literature and
team members’ expertise (table 2). Adaptations included
removing the mention of ‘girls’ and excluding the market
and state subdomains of institutional structures, as well
as laws and policies, to focus on adult women’s empow-
erment at individual, household and community levels.
Of note, we identified and defined two additional subdo-
mains of empowerment relevant to sanitation from the
systematic review: privacy and freedom of movement
(within resources and agency, respectively).'!

[tem generation

Through the systematic review and a parallel landscape
analysis, we searched for existing instruments to measure
each domain and subdomain of empowerment. As we
identified instruments, we collated and assessed them for
potential use and/or adaptation in our scales. While the
systematic review focused on peer-reviewed publications
in WaSH, the landscape analysis included grey literature
and was not restricted to the WaSH sector. The landscape
analysis identified 62 instruments that had not been iden-
tified through the systematic review (online supplemental
table 1).

Candidate items were identified or created deductively,
through a multistep process.'” First, we identified broad
topics that had emerged through the systematic review
for each subdomain of empowerment. We simultane-
ously compiled items identified in the systematic review
and landscape analysis, organising them by empower-
ment subdomain. Where possible, we revised or adapted
existing items to align with identified subdomain-specific
topics; most newly developed items were developed to fill
gaps in emergent topics that existing items did not meet.
Across all subdomains, we allowed for some redundancy,
formulating items to capture the same latent construct in
different ways. Finally, we reviewed the item sets by subdo-
main of empowerment, focusing on comprehensiveness
and alignment with our operational definitions and made
revisions as needed. This resulted in 15 draft scales, one
for each subdomain of empowerment. All scales had
ordinal response options of ‘strongly disagree’, ‘disagree’,
‘agree’ and ‘strongly agree’; frequency response options
of ‘never’, ‘sometimes’, ‘often’ and ‘always’ or, in the case
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Table 1 Overview of planned methods and analyses for the development of the MUSE Scales

Activity

Procedures

Phase 1: item development
1.1 Domain specification

We specified domains and sub-domains based on an existing

conceptual model of empowerment and a systematic literature review.

1.2 ltem generation

We developed candidate items for each sub-domain through a multi-

step process, beginning with a systematic literature review and a
parallel landscape analysis.

1.3 Face validity and content validity assessment

We assessed face validity through cognitive interviews (Cls) conducted

in two sites (Tiruchirappalli, India and Kampala, Uganda) and content
validity through evaluation by four expert reviewers. We also conducted
key informant interviews (Klls) for additional insight.

1.4 Item refinement

We revised items based on field notes from Cls, Klls and expert

feedback, adding, eliminating, combining, and re-phrasing items.

Phase 2: scale development and initial validation

2.1 Content validity assessment for new and
modified items

2.2 Survey participant selection in two sites

We conducted Cls with respondents in Tiruchirappalli and Kampala to
assess the refined items.

We randomly sampled female participants ages 18+in Tiruchirappalli

and Kampala in purposively selected neighbourhoods in coordination
with BMGF-funded partners and local government.

2.3 Survey implementation and management in two We trained enumerators who carried out tablet-based data collection

sites

with approximately 1000 women in each of the two sites. Teams also

targeted up to 100 women per site for retesting.

2.4 Statistical analysis

We developed an analysis plan a priori, which included the following

steps: 2.4 a) initial item reduction; 2.4b) factor extraction and further
item reduction using exploratory factor analysis (EFA); 2.4 c) item
reduction using item response theory (IRT); 2.4d) dimensionality
confirmation using confirmatory factor analysis (CFA); 2.4€)
measurement invariance assessment using multiple-group CFA and IRT;
2.41) scale scoring; 2.4 g) reliability testing; and 2.4 h) validity testing.

Phase 3: scale evaluation and further validation

3.1 Content validity assessment for new and
modified items

3.2 Survey participant selection in three sites

We will conduct Cls with respondents in two additional locations to
assess any items refined or added based on statistical analyses (2.4).

We will administer cross-sectional surveys to a validation sample in

three cities. The sampling strategy, participant selection strategy, and
inclusion criteria are the same as Phase 2.

3.3 Data collection and management

We will conduct enumerator training and survey implementation using

tablet-based data collection.

3.4 Statistical analysis

We will conduct EFAs and IRT on data from each site to evaluate any

new items generated in Phase 2, and conduct CFAs to test the factor
structures identified in Phase two using the same fit indices and criteria
to assess model fit. We will test for measurement invariance at both

the group and item level using multiple-group CFA and IRT methods;
calculate the reliability coefficient; and test for convergent, discriminant,
known-groups, and external criterion validity.

of Freedom of Movement, ‘notat all’, ‘only with accompa-
niment’, ‘alone with permission’, ‘alone if I tell someone’
or ‘alone without telling anyone’

In addition, we developed six draft indices. An index, in
contrast to a scale, does not represent a latent construct.
Rather than having a shared cause in the form of an under-
lying latent construct, the items in an index together
share an effect on a latent construct.” We developed five
indices to measure women’s actual experiences in rela-
tion to the four subdomains of agency (household-level

decision-making, community-level decision-making, lead-
ership, collective action and freedom of movement).
The sixth index was for safety and security, to measure
women’s awareness of actual experiences of sanitation-
related violence among women they know. In addition to
providing valuable information on women’s actual expe-
riences, the indices also contribute to scale validation.
We hypothesised that associations would exist between
women’s self-reported experiences (or awareness of
others’” experiences) and the corresponding sub-domains
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Table 2 Sanitation-specific definitions for sub-domains of empowerment, by domain

Sub-domain

Sanitation-specific definition

Agency
Decision-making
Leadership

Women influence and make decisions about sanitation inside and outside the home.
Women assume leadership positions, effectively participate and support women’s

leadership in informal and formal sanitation initiatives and organisations.

Collective action
Freedom of movement

Women gain solidarity and take action collectively on sanitation-related issues.
Women have the autonomy to move freely to access sanitation facilities, collect water

for sanitation-related needs and/or attend forums on sanitation issues, and women
have freedom of movement despite sanitation circumstances.

Resources

Bodily integrity
sanitation location.

Health

Women'’s control over their bodies and ability to access and use their preferred

Women’s complete physical, mental and social well-being as affected by sanitation

options and conditions; not merely the absence of disease or infirmity.*

Safety and security

Women'’s freedom from acts or threats of violence (physical or sexual), coercion,

harassment, or force when accessing and using sanitation locations or engaging in
sanitation-related decision-making processes in the public sphere.

Privacy
sanitation locations.

Critical consciousness

Women'’s ability to maintain desired levels of privacy when accessing and using

Women'’s ability to identify and question how inequalities in power operate in their lives

in relation to sanitation access and decision-making processes, and to assert and
affirm their self-efficacy inside and outside of the household as it relates to sanitation.

Financial and productive assets

Women'’s control over economic resources and long-term stocks of value such as

land, for the purposes of meeting individual and household sanitation needs.

Time
activities.
Social capital

Women'’s control over their time and labour spent on sanitation-related tasks and

Women'’s relations and social networks that provide tangible and intangible value and

support, including those that enable them to complete sanitation-related tasks and

activities.
Knowledge and skills

Women’s knowledge and skills related to sanitation (eg, operation and maintenance of

sanitation facilities) and their abilities to apply those knowledge and skills.

Institutional structures
Norms

Collectively held expectations and beliefs of how women and men should behave and

interact inside and outside the household, specifically with regard to sanitation-related
(a) division of labour; (b) decision-making; (c) leadership; (d) collective action and (e)

freedom of movement.
The interactions and relations —including conflicts, support, hostility and

Relations

communication —with key actors that shape women'’s sanitation-related experiences.

of agency, which would enable the assessment of construct
validity of the scales.

Face validity and content validity assessment

We assessed face validity and content validity (ie, if items
adequately measure the domain of interest) of the initial
scales through two methods: cognitive interviews (CIs)
and expert review."” Due to the length of the scales, CI
guides were prepared separately for each of the three
domains of empowerment (Agency; Resources; and Insti-
tutional Structures).

ClIs took place in two cities, Tiruchirappalli, India and
Kampala, Uganda, in July and August 2019. These cities
were selected by BMGF based on the presence of existing
BMGF-funded citywide inclusive sanitation (CWIS)

programmes and the strength of local partners. In each
city, 12 interviewers were recruited, all with research expe-
rience and local language skills. Interviewers received
a b-day training on the purpose of the research, key
concepts and definitions of empowerment, CI methods,
ethics and all aspects of the CI guides, with time to prac-
tice and provide feedback on translations and phrasing.
Neighbourhoods were purposively selected in each city
with the goal of sampling from different wealth strata.
We defined the study population a priori to be adult
women (age 18 and older). With the support of local
leaders (Uganda) and staff who had previously carried
out data collection in these areas (India), the research
team purposively sampled participants with the aim of
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having an equal distribution across three subgroups to
represent varied life stages: between ages 18 and 25 and
preferably unmarried; between ages 25 and 40 and pref-
erably married or living with a partner; and over age 40.
A city coordinator and/or field supervisor was present
throughout data collection to guide participant selection,
monitor quality control and provide feedback.

In each city, data collection teams—comprised of one
interviewer and one note-taker—conducted Cls with
9-16 individuals per domain of empowerment. Inter-
views were conducted in the local language (Tamil in
Tiruchirappalli and Luganda or English in Kampala).
Participants were asked to ‘think aloud’ about each
survey item, and interviewers probed participants to
assess understanding and relevance of each item and to
identify opportunities for improving wording and trans-
lation. Responses were audio recorded and note-takers
took detailed field notes. In addition to the women’s
empowerment items, data collection included questions
on sociodemographic characteristics of the respondent
and her household as well as on access to and behaviours
related to sanitation.

Members of our team led daily debriefings with data
collection teams and took detailed field notes on data
collectors’ reports of scale items that were difficult to
administer or understand, confusing or missing response
options and other problems. Team members also kept
detailed notes throughout the training, data collection
and debriefing processes to capture emerging issues and
additional topics that should be included or excluded
during scale revision.

Key informant interviews (KlIIs) were also conducted
with WaSH and gender experts in Uganda (n=13) and
India (n=20) to provide additional contextual informa-
tion and insight to inform the inclusion, exclusion or
addition of items. Key informants were selected with the
assistance of local teams in each site and included repre-
sentatives from government, non-governmental organisa-
tions, the private sector and academia.

Finally, a panel of four expert reviewers evaluated
candidate items. Each expert reviewer received the draft
scales, our sanitation-specific definitions for each subdo-
main of empowerment and instructions and background
information. They provided item-specific and overall
comments and feedback.

[tem refinement and survey preparation for Phase 2

We revised the scales based on field notes from the Cls,
KlIs, debriefings and feedback from the expert reviewers.
Revisions included eliminating, combining and
rephrasing items. We also added new items where gaps
had been noted, especially sanitation-specific menstrua-
tion items and items about interactions between individ-
uals and sanitation service providers. In preparation for
phase 2, we added measures to assess the criterion and
construct validity of each scale (online supplemental
table 2).

Phase 2: scale development and initial validation

Content validity assessment for new and modified items
Following refinement and revision of the scale, begin-
ning in November 2019, trained data collectors (selected
from among those who worked on phase 1 of the study)
conducted a second round of CIs with 12 individuals each
in Tiruchirappalli and Kampala to evaluate newly added
items and translations prior to broader survey imple-
mentation. Team members carried out rapid analysis of
data from the CIs and revised the survey instruments as
needed.

Sample size and participant selection in Tiruchirappalli and
Kampala

Following revisions from phase 2 Cls, cross-sectional
surveys were administered to a sample of respondents in
Tiruchirappalli and Kampala.

Consensus is lacking on optimal sample size for scale
development. However, the literature suggests a range
of 5-15 respondents per item.'*'® We aimed for each
scale to have at least 15 responses per item. At the time of
the calculations, our longest scale consisted of 61 items,
requiring a sample size of 915 respondents. We rounded
this number up to 1000 respondents per city to allow for
approximately 10% non-response and missing data. We
aimed to readminister the survey with 5%-10% of partic-
ipants (N=50-100) per city to assess test-retest reliability.

As in phase 1, we purposively selected neighbourhoods
in each city from low and moderate wealth strata, in
coordination with CWIS partner organisations and local
government. Specifically, partners provided lists of neigh-
bourhoods in each city and identified several priority areas
for data collection. In Tiruchirappalli, our team worked
with the CWIS partners to select priority slum neighbour-
hoods and non-priority middle-income neighbourhoods.
In Kampala, our team matched priority neighbourhoods
to other neighbourhoods of similar population size and
income level, using census data.

Participant selection followed a simple random
sampling strategy, specifically a random-walk sampling
method. Enumerators were instructed to walk in pairs
through selected neighbourhoods, with one enumerator
working on each side of the street and to knock on every
third door. To be eligible, the respondent needed to be
a woman age 18 or older who spoke Tamil (in India)
or English or Luganda (in Uganda), who was mentally
competent (demonstrated through understanding of
the study description and consent) and had no hearing
or speech impediments that would prevent comprehen-
sion or participation. If the selected household had an
individual present who met the inclusion criteria and
consented to participate, the enumerator would admin-
ister the survey.

Respondents were asked whether they would be willing
to participate in the same survey a second time. Those
who completed the full survey and agreed to partici-
pate again were revisited within 1 month. We selected a
I-month time frame because several of the scales refer
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to ‘the past month,” and we aimed to capture responses
within an overlapping period to reduce the likelihood of
a meaningful change in any domains of women’s empow-
erment leading to changes in responses to survey items.

Survey implementation and management in two sites

In each site, 12-14 female enumerators were recruited.
As in phase 1, enumerators completed 5days of training
covering key concepts of the study, research ethics and
logistics, with 2days for interactive practice adminis-
tering the survey to one another and talking through any
challenges.

Enumerators first obtained oral (India) or written
(Uganda) consent, then administered the full survey
instrument. The survey instrument included all 15 scales
and six indices, plus modules on demographics, water and
sanitation access and behaviours, menstruation and addi-
tional items to assess validity. Each site had at least one
city coordinator and/or field supervisor who provided
day-to-day supervision and quality control. Data collec-
tion lasted 24-30 days in each site in December 2019 and
January 2020.

Data were collected using tablets with Ona software (
ona.io). In each site, the survey was programmed in both
English and either Tamil (India) or Luganda (Uganda).
Field supervisors checked surveys for completeness at the
end of each day. Data were then uploaded to a secure
data storage platform.

Statistical analysis

Following initial data cleaning and management, we will
randomly split the data into equal subsamples for explor-
atory and confirmatory factor analyses. We will examine
summary statistics for items, then follow an a priori anal-
ysis plan that includes elements of classical test theory and
item response theory (IRT). The analysis plan involves
the following steps: item reduction based on missingness,
factor extraction, item reduction based on IRT, dimen-
sionality confirmation, measurement invariance assess-
ment, scale scoring, reliability testing and validity testing.
Factor analysis will be conducted using Mplus software; all
other analyses will be conducted using SAS and R.

Initial item reduction

First, we will drop any items with cumulative missing-
ness >30% (including those for which respondents
answered ‘don’t know’ or ‘not applicable’), with the
exception of items related to menstruation. We anticipate
that our sample will include women who are not menstru-
ating for many reasons, including pregnancy, lactation
and not being of reproductive age.

Factor extraction and further item reduction

We will use the first random subsample to perform explor-
atory factor analysis (EFA) for factor extraction. EFA is
appropriate because a factor structure has not been previ-
ously established for the items.'” To determine how many
factors to extract, we will use parallel analysis and scree
plots.'®

We will run EFA models on each scale, using means-
adjusted and variance-adjusted weighted least square
estimators, which are appropriate for items with ordinal
response options.'? We will use oblique rotation to allow
for correlation between the factors representing subdo-
mains of empowerment.'” '® We will examine model
statistics from several types of oblique rotations to assess
differences across methods and to choose an oblique
rotation method. We will interpret model fit based on the
following indices: root mean squared error of approxi-
mation (RMSEA), comparative fit index (CFI), Tucker-
Lewis Index (TLI) and standardised root mean squared
residual (SRMR). RMSEA <0.08, CFI1>0.95, TLI >0.95 and
SRMR <0.06 are considered good fit.*’

After running each model, we will drop items based on
low pattern coefficients (ie, <10.3001), high multidimen-
sionality (ie, cross-loadings (>0.300l) on two or more
factors with a difference between loadings of <0.20) or
significant negative pattern coefficients. We require a
minimum of two items per factor and will remove items
that load alone on a factor.

Item reduction using IRT

In addition to factor analysis, we will use IRT approaches
to assess psychometric properties of individual items
within each scale. We will use graded response models
(GRM), which are appropriate for items with ordinal
response options.”’ We will evaluate the assumptions
of local independence and functional form and assess
model data fit visually and statistically.”' ** Items identi-
fied as having local dependence will be considered for
removal, as will items with poor item-level model data fit.*'
We will examine item properties, including item informa-
tion curves (IIC) and option characteristic curves (OCC),
also known in GRMs as item response category charac-
teristic curves.”' ** We will calculate slope (discrimina-
tion) and threshold (difficulty) parameter estimates and
visually examine IIC and OCC plots to assess item perfor-
mance.”™ We plan to iteratively drop items and run the
analysis with the remaining variables until a final model
is reached.

Dimensionality confirmation

We will use confirmatory factor analysis (CFA) on the
remaining random split-half sample to test the structures
that were identified through the above process. We will
use the same fit indices and criteria described above to
assess model fit.

Scale scoring

We will calculate sums and mean scores for each scale
and use both unweighted (sum and mean) and weighted
(factor scores) scores for subsequent validity assessments.

Reliability testing

To assess internal consistency, we will examine inter-item
correlations and calculate the reliability coefficient, coef-
ficient omega, which, unlike coefficient alpha, does not
assume equal covariances of items with their common

6

Sinharoy SS, et al. BMJ Open 2022;12:¢053104. doi:10.1136/bmjopen-2021-053104

“ybuAdoa Aq parosioid 1sanb Aq zz0z ‘ST 1snbBny uo Jwoo fwqg uadolway/:dny woly papeojumoq "zz0oz Alenige- /T Uo y0TES0-TZ0Z-uadolwa/9eTT 0T St payslignd 1s4i :uado CING


http://bmjopen.bmj.com/

factor.*® *” While consensus is lacking on thresholds
for values of omega, we determined that 0.70 would be
acceptable.®*

In addition, we will assess test-retest reliability using
data from the subsample of respondents who completed
the survey two times within a Il-month period. We
assume that respondents’ level of empowerment would
remain stable during this timeframe and that changes in
responses would only reflect the stability of our measure.
We will estimate test-retest reliability by calculating intra-
class correlation coefficients (ICCs) of scored scales. ICCs
will be calculated with two-way mixed effect models of
absolute agreement of the mean of k items.™

Validity testing

We will test for construct validity and external criterion
validity using non-parametric spearman-rank correlations
and generalised linear regression, with items added for
this purpose as described above and shown in online
supplemental table 2. We will use t tests and analysis of
variance (ANOVA) to test for known-groups validity. We
will also examine inter-item and item-scale correlations
and consider dropping items with low values.

On completion of statistical analysis, we will make final
decisions about items to be included in the scales, taking
results for measurement invariance, reliability and validity
into account. If revisions are deemed necessary based on
the results of the statistical analyses, we will generate new
items and/or revise items as needed.

Measurement invariance assessment

We will test for measurement invariance at both the group
and item level, including assessment of whether the
scales are measuring equivalent constructs, and whether
items in the scale have equivalent relationships to those
constructs, across populations. We will use multiple-group
CFA to test for configural, metric and scalar invariance
across groups, comparing data from India and Uganda.”
We will then use IRT to test for uniform and non-uniform
differential item functioning, examining results both
visually and statistically.* **

Phase 3: scale evaluation and further validation

Content validity assessment for new and modified items

As in phase 2, trained data collectors will conduct Cls
to evaluate newly added items and translations prior to
broader survey implementation. CIs will be done in two
cities, to be chosen based on data collection schedules.
Team members will do a rapid analysis of data from the
CIs and revise the survey instruments as needed.

Survey participant selection in three sites

We will administer cross-sectional surveys to a sample
of respondents in three cities: Narsapur and Warangal
(India) and Lusaka (Zambia). As in prior phases, these
cities were selected based on the presence of existing
CWIS programmes. Data collection is scheduled to take
place first in Narsapur and Warangal (August—October
2021), followed by Lusaka (October-December 2021).

For phase 3, we anticipate having fewer items in the
scales and, correspondingly, a smaller sample size. In
general, a minimum sample size of 300 for EFA and
300 for CFA is considered good.” Thus, we will aim for
a sample size of 700 respondents per city in phase 3 to
ensure a sufficient sample size for EFA and CFA analyses.
The strategy for neighbourhood and participant selec-
tion, as well as inclusion criteria, will remain the same as
in phase 2. Surveys will be implemented in the predomi-
nant local language (s).

Data collection and management

As in previous phases, enumerators will be recruited and
given a b-day training. Data collection will follow the same
procedures as in phase 2, with enumerators obtaining
consent, administering the full survey instrument in the
local language (s) most appropriate to each location and
entering responses electronically on a tablet. As in phase
2, the survey instrument will include all 15 scales and six
indices, plus modules on demographics, water and sanita-
tion access and behaviours, menstruation and additional
items to assess validity. In addition, we will assess mental
health using the Center for Epidemiologic Studies Depres-
sions Scale-10 and the Patient Health Questionnaire-4,
well-being using the WHO Well-Being Index (WHO-5)
and life satisfaction using the Personal Wellbeing Index.
Finally, we will add survey items related to COVID-19 to
assess how sanitation-related behaviours and experiences
may have been impacted by the pandemic.

Statistical analysis

For any scales that have been substantially revised based
on results from phase 2, we will conduct EFA to assess
the factor structure, followed by CFA. Following the same
procedures as phase 2, we will use GRM IRT approaches
to assess psychometric properties of the new and revised
items within these scales. For all scales, we will then
conduct CFAs to test the optimal factor structures iden-
tified in phase 2. We will use the same fit indices and
criteria described above to assess model fit. As in phase 2,
we will test for measurement invariance at both the group
(city) and item level using multiple-group CFA and IRT
methods; calculate the reliability coefficient, coefficient
omega and test for convergent, discriminant and external
criterion validity.

PUBLIC INVOLVEMENT

Public involvement in the ARISE scale development
process occurs in every phase. While the conceptual
model for the scales was determined a priori, and survey
items were generated deductively, Cls are conducted in
every phase to elicit the emic perspective of women in
each research context. Participants in the Cls provide
item-specific and overall comments and feedback, which
leads to survey revision and refinement. This helps to
ensure that the scales are reflective of participants’ own
priorities and experiences. In addition, the CWIS partners
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include public providers of sanitation services, such as
national sanitation offices and city authorities. These key
public stakeholders are invited to provide input on the
survey and are involved in the development of a sampling
strategy in each city to ensure that study results will be
useful to them. Finally, the CWIS partners will also be
asked for input on dissemination plans.

LIMITATIONS

Our survey instruments are specific to women in urban
settings; adaptation and further validity testing are
needed to develop instruments that can be administered
with men and in periurban and rural settings. In addi-
tion, the survey instruments are focused on empower-
ment at the individual, household and community levels.
Therefore, they do not assess empowerment in markets
(eg, across the sanitation value chain) or in relation to
policies and formal governance. Methodologically, best
practices include using inductive methods (eg, explor-
atory qualitative research) to guide item development,
employing social network methods to assess social capital,
and measuring time use (including in different seasons)
as part of measuring empowerment related to time.'® **
Due to time and budget constraints and concerns about
participant burden, we were not able to incorporate these
recommended methods into our work.

ETHICS AND DISSEMINATION

Ethics

All participants provide oral or written consent to
enumerators in their local language using a standardised
script. Study activities in phase 2 were reviewed and
approved by Institutional Review Boards (IRBs reference
number 2019/SOD/Faculty/5.1) and Makerere Univer-
sity (Uganda; reference number 2019-038). Study activi-
ties for phase 3 have been reviewed and approved by IRBs
at Emory University (USA; IRB 00110271), the Indian
Institute of Health Management and Research (India;
IRB number IRB/2020-2021/001) and ERES Converge
(Zambia; reference number 3 October 2020).

Dissemination

The study team will share findings with CWIS partners
and stakeholders to inform programming activities and
will publish results in peerreviewed journals. We will
create training materials, webinars and other guidance
documents to support future use of the instruments. Data
will be made open access via a data repository per BMGF
guidelines.
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Supplementary Table 1. Instruments to measure empowerment identified through a landscape analysis

Name of Tool

Citation

Adherence to Traditional
Gender Relations Scale

Bogale, B., Wondafrash, M., Tilahun, T., & Girma, E. (2011). Married
women's decision making power on modern contraceptive use in
urban and rural southern Ethiopia. Public Health, 11, 1-7.

Adolescents’ Attitudes
Towards Gender Role Scale

Zuo, X., Lou, C., Gao, E., Cheng, Y., Niu, H., & Zabin, L.S. (2012). Gender
differences in adolescent premarital sexual permissiveness in three
Asian cities: Effects of gender-role attitudes. Journal of Adolescent
Health, 50, S18-S25.

Adolescents' Attitude
toward Women's
Empowerment in Household
Decisions Index

Gomez, A.M., Speizer, |., & Moracco, K.E. (2011). Linkages between
gender equity and intimate partner violence among urban Brazilian
youth. Journal of Adolescent Health, 49(4), 393-399.

Assessment of Intimate
Partner Violence

What Works to Prevent Violence Against Women and Girls Global
Programme. (2015). Standard Outcomes for Assessment of Intimate
Partner Violence. Pretoria, South Africa: What Works to Prevent
Violence Against Women and Girls Global Programme.

Assessment of Non-Partner
Sexual Violence

Jadhav, A., Weitzman, A., & Smith-Greenaway, E. (2016) Household
sanitation facilities and women’s risk of non-partner sexual violence in
India. BMC Public Health, 16(1).

Collective Efficacy Scales

Delea, Maryann G., Gloria D. Sclar, Mulat Woreta, Regine Haardorfer,
Corey L. Nagel, Bethany A. Caruso, Robert Dreibelbis, Abebe G.
Gobezayehu, Thomas F. Clasen, and Matthew C. Freeman. "Collective
efficacy: development and validation of a measurement scale for use
in public health and development programmes." International journal
of environmental research and public health 15, no. 10 (2018): 2139.

Compendium of Gender
Scales

Nanda, G. (2011). Compendium of Gender Scales. Washington, DC: FHI
360/C-Change.

Control Over Finances Scale

Anderson, L., Stahley, K., & Cullen, A. (2014). Individual and intra-
household positionality in Vietnam. Journal of Behavioral and
Experimental Economics, 49, 26-34.

Control Over Women's
Income

Mahmud, S., Shah, N.M., & Becker, S. (2012). Measurement of
Women's Empowerment in Rural Bangladesh. World Development,
40(3), 610-619.

Decision Making Index (DMI)

Stephenson, R. (2010). Community-level gender equity and
extramarital sexual risk-taking among married men in eight African
countries. International Perspectives on Sexual and Reproductive
Health, 36(4), 178-188.
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Decision-making Autonomy Mahmood, N. (2002). Women'’s role in domestic decision-making in
Index Pakistan: Implications for reproductive behavior. Pakistan
Development Review, 41(2), 121-148.

Decision-making Measure Bui, T. C., Diamond, P.M., Markham, C., Ross, M.W., Nguyen-Le, T.A.,
&Tran, L.H. (2010). Gender relations and sexual communication
among female students in the Mekong River Delta of Vietnam.
Culture, Health & Sexuality, 12(6), 591-601.

DHS Women'’s Status The Demographic and Health Surveys Program, USAID. (2020).
Module Demographic and Health Surveys: Model Woman’s Questionnaire.
Washington, DC: USAID.

Economic Freedom Measure | Corroon, M., Speizer, I.S., Fotso, J.C., Akiode, A., Saad, A., Calhoun, L.,
& Irani, L. (2014). The role of gender empowerment on reproductive
health outcomes in urban Nigeria. Maternal and Child Health Journal,
18,307-315.

Economic Power Index Morgan, S., P. (2002). Muslim and non-Muslim differences in female
autonomy and fertility: Evidence from four Asian countries.
Population and Development Review, 28(3), 515-537.

Economic Security Scale Al-Mamun, A., Wahab, S.A., Mazumder, M.N.H., & Su, Z. (2014).
Empirical investigation on the impact of microcredit on women
empowerment in urban peninsular Malaysia. The Journal of
Developing Areas, 48.

Education for Women Dynes, M., Stephenson, R., Rubardt, M., & Bartel, d. (2012). The
Community Norm Measure influence of perceptions of community norms on current
contraceptive use among men and women in Ethiopia and Kenya.
Health & Place, 18(4), 766-773.

Equity for Girls Scale Waszak, C., Severy, L.J., Kafafi, L., & Badawi, I. (2001). Fertility
behavior and psychological stress: The mediating influence of gender
norm beliefs among Egyptian women. Psychology of Women
Quarterly, 25, 197-208.

Financial Autonomy Scale Mumtaz, Z., Slaymaker, E., & Salway, S. (2005). Condom Use in

(DHS) Uganda and Zimbabwe: Exploring the Influence of Gendered Access to
Resources and Couple-Level Dynamics. Calverton, MD: ORC Macro,
MEASURE DHS.

Freedom of Movement Mogford, E. (2011). When status hurts: dimensions of women’s status
Outside the Home Scale and domestic abuse in rural Northern India. Violence Against Women,
(DHS) 17(7), 835-857.

Freedom of Movement Scale | Ghuman, S.J. (2003). Women’s autonomy and child survival: A
comparison of Muslims and non-Muslims in four Asian countries.
Demography, 40(3), 419-436.

Gender Equality Scale Do, M., & Kurimoto, N. (2012). Women's empowerment and choice of
contraceptive methods in selected African countries. International
Perspectives on Sexual and Reproductive Health, 38(1), 23-33.
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Gender Equitable Men Scale
(GEM)

Morgan, S.P. (2002). Muslim and non-Muslim differences in female
autonomy and fertility: Evidence from four Asian countries.
Population and Development Review, 28(3), 515-537.

Gender Equity Scale

Agrawal, A., Bloom, S.S., Suchindran, C., Curtis, S., & Angeles, G.
(2014). Gender-based power and couples' HIV risk in Uttar Pradesh
and Uttarakhand, north India. International Perspectives on Sexual
and Reproductive Health, 40(4), 196-205.

Gender Role Attitudes
Questionnaire

Mistry, R., Galal, O., & Lu, M. (2009). Women's autonomy and
pregnancy care in rural India: a contextual analysis". Social Science
and Medicine, 69(6), 926-933.

Gender WASH Monitoring
Tool

Leong, L., Nicholson, K., Elkington, D., & Hogan, E. (2014). Gender and
WASH Monitoring Tool. Melbourne, Australia: PLAN International.

Hopkins Symptom Checklist

Parloff, M.B., Kelman, H.C., & Frank, J.D. (1954). Comfort,
effectiveness, and self-awareness as criteria for improvement in
psychotherapy. American Journal of Psychiatry, 3, 343-351.

Household Decision-Making
Authority Scale

Anderson, L., Stahley, K., & Cullen, A. (2014). Individual and intra-
household positionality in Vietnam. Journal of Behavioral and
Experimental Economics, 49, 26-34.

Household Survey to Assess
Sanitation Decision Making

Routray,P., Torondel, B., Clasen, T., & Schmidt, W. (2017). Women’s
role in sanitation decision making in rural coastal Odisha, India. PLoS
ONE, 12(5).

Household Water InSecurity
Experiences (HWISE) Scale

Young, S.L., Boateng, G.0., Jamaluddine, Z. Miller, J.D., Frongillo, E.A.,
Neilands, T.B., Collins, S.M., Wutich, A., Jepson, W.E., & Stoler, J.
(2019). The Household Water InSecurity Experiences (HWISE) scale:
Development and validation of a household water inseucirty measure
for low-income and middle-income countries. BMJ Global Health, 4.

IASC: Guidelines for
Integrating Gender-Based
Violence Interventions in
Humanitarian Action — 2015

Inter-Agency Standing Committee (IASC). (2015). Guidelines for
Integrating Gender-Based Violence Interventions in Humanitarian
Action: Reducing Risk, Promoting Resilience and Aiding Recovery. |ASC.

Individual Deprivation
Measure

Bessell, S. (2015). The Individual Deprivation Measure: Measuring
poverty as if gender and inequality matter. Gender & Development,
23(2), 223-240.

Item on Neighborhood
Water Quality

Siddiqui, R.N., & Pandey, J. (2003). Coping with environmental stressors
by urban slum dwellers. Environment and Behavior, 35(5), 589-604.

Joint Monitoring Programme
(JMP) for Water Supply,
Sanitation, and Hygiene —
2018

United Nations Children’s Fund (UNICEF), & World Health
Organization (WHO). (2018). Core Questions on Water, Sanitation and
Hygiene for Household Surveys. New York, NY: UNICEF & WHO.

LSHTM Household WASH
Access Questionnaire

London School of Hygiene and Tropical Medicine (LSHTM). (2014).
Malawi WASH and Disability Survey 2014: Household WASH Access
Questionnaire. London, United Kingdom: LHSTH.
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Supplementary Table 2. Validity measures for each sub-domain of empowerment

Sub-domain
Agency
Decision-
Making

Leadership

Collective
Action

Freedom of
movement

Resources
Bodily
Integrity

Health

Index documenting women influencing
and making decision about sanitation in
the home

Index documenting women influencing
and making decision about sanitation

outside of the home

Index of participation in leadership
positions

Index of women's assumption of and

participation in formal and informal
leadership positions

Index of women's participation in
collective action around sanitation

n/a

Demographics questions on privacy of
sanitation location

n/a

General decision making questions:

1. Do you feel comfortable expressing your opinion at a
community meeting where only women are present?
2. Do you feel comfortable expressing your opinion at a
community meeting where both men and women are
present?

Empowerment Scale in Community Organizing
Emotional empowerment dimension, subscale 1 (5-point
agree-disagree response options):

1. 1 am often a leader in groups.

2. | would prefer to be a leader rather than a follower.
3. 1 would rather someone else took over the leadership
role when I’'m involved in a group project.

Community Capacity Index (5 questions)

IHDS-2: Gender Relations: Mobility measure, first
subscale (0=no, 1=must inform, 2=yes)

please tell us whether you have to ASK PERMISSION of
your husband or a senior family member to go...

to the local health center?

to the home of relatives or friends [in the village /
neighborhood]?

a short distance by train or bus?

PROMIS global health subscale ratings

10

Construct

Construct
(Index)
Criterion
(Empowerment
scale)

Construct
(Index)
Criterion
(Empowerment
scale)

Criterion

Construct
(demographic
questions)

Criterion

Convergent

Convergent
Concurrent

Convergent
Concurrent

Concurrent

Convergent

Concurrent
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1. In general, how would you rate your physical health?
(Excellent, Very Good, Good, Fair, Poor)

WHO 5 Well-being index (5 questions)

Patient Health Questionnaire - 4 (PHQ 4) (4 questions)

Safety and Index of "l know a woman in my
. . " n/a 0 Construct Convergent
Security community who has...
Privacy . . . Construct
Demographics questions on privacy of .
o . n/a 0 (demographic Convergent
sanitation location -
questions)
Critical GSE - 6 (1-4; not at all true, hardly true, moderately true,
Consciousness exactly true):

1. If someone opposes me, | can find the means and ways

to get what | want. Concurrent (self-
2. It is easy for me to stick to my aims and accomplish my efficacy only, not
goals. o getting at ability
e 3. Thanks to my resourcefulness, | know how to handle 5 Sitele to
unforeseen situations. identify/question
4. | can solve most problems if | invest the necessary gender equity)
effort.
5. | can remain calm when facing difficulties because | can
rely on my coping abilities.
6. | can usually handle whatever comes my way.
Financial and When you want or need to buy things like food or
Productive clothing for yourself or your family, which of the
Assets following answers best describes your situation? (0/1)
Construct
You have your own money so you can usually buy what (demographic
Demographics questions on asset you need 1 questions) Convergent
ownership You occasionally have to get the money from your Criterion Concurrent
husband or someone else in the household (Additional
You always have to get the money from your husband or question)
someone else in the household
Don’t know
Not applicable
Time Questions on water collection (time to
. Construct
collect and frequency of collection) and .
sanitation (time to walk to a sanitation i/ 0 (demc.)graphlc Convergent
guestions)

location)
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Social Capital

Knowledge
and Skills

Institutional
Structures
Norms

Relations

n/a

Demographic questions on schooling
attainment; media exposure (through
reading a newspaper/magazine, listening
to radio, or watching television); and using
the Internet

n/a

n/a

MPSS (5-point agree-disagree response options):

1. My family really tries to help me.

2. | get the emotional help and support | need from my
family.

3. My friends really try to help me.

4. | can count on my friends when things go wrong.

5. | can talk about my problems with my family.

6. | have friends with whom | can share my joys and
SOrrows.

7. My family is willing to help me make decisions.

8. | can talk about my problems with my friends.

n/a

Gender equity scale (5-point agree-disagree response
options):

1. A woman can talk to men other than her husband

6. A woman can participate in community activities if she
wishes to

7. The status of women is lower than that of men

9. A woman should finish all the household work before
taking rest

Brief Family Relationship Scale:

7. In our family there is a feeling of togetherness.

8. In our family we sometimes tell each other about our
personal problems.

9. In our family we lose our tempers a lot. ®

8 Criterion
Construct

0 (demographic
questions)

4 Criterion

3 Criterion

Concurrent

Convergent

Concurrent

Concurrent
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