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Abstract

Links between gender equality and water, sanitation, and hygiene (WASH) are well docu-

mented in qualitative studies, and emerging literature is recognizing the transformative

potential of WASH interventions towards improvements in gender equality, of which empow-

erment is an important aspect. However, quantitative approaches to measure changing gen-

der equality within WASH programs remain nascent. This study builds on previous work

conducted in collaboration with the multi-country Water for Women Fund, establishing the

theoretical development of the multi-dimensional WASH-gender equality measure (WASH-

GEM) with five domains: resources, agency, critical consciousness, structures, and wellbe-

ing. Starting from a strong conceptual foundation–this article demonstrates the WASH-

GEM’s empirical rigor in balance with practical considerations. We present the measure’s

staged development; examine its structural validity, internal consistency, and measurement

invariance from an empirical basis; providing analysis from concurrent validation studies in

Cambodia and Nepal (n = 3056). Twelve of the WASH-GEM’s 15 testable themes demon-

strated high internal reliability and nine structural validity. Further refinement is recom-

mended for the remaining four themes. Validation results from Cambodia and Nepal provide

evidence of women and men’s differentiated experiences in relation to their WASH access,

decision-making and roles, and in their lives more broadly. Results also reinforce the inter-

sectional experiences of inequality and the importance of measurement beyond women’s

empowerment. Overall, we provide evaluators and researchers with twelve curated and vali-

dated measures to examine changing gender dynamics within WASH-programs. These

PLOS Water | https://doi.org/10.1371/journal.pwat.0000233 October 17, 2024 1 / 24

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: MacArthur J, Chase RP, Gonzalez D,

Kozole T, Nicoletti C, Toeur V, et al. (2024)

Investigating impacts of gender-transformative

interventions in water, sanitation, and hygiene:

Structural validity, internal reliability and

measurement invariance of the water, sanitation,

and hygiene–Gender equality measure (WASH-

GEM). PLOS Water 3(10): e0000233. https://doi.

org/10.1371/journal.pwat.0000233

Editor: Shafi Mohammad Tareq, Jahangirnagar

University, BANGLADESH

Received: January 27, 2024

Accepted: September 21, 2024

Published: October 17, 2024

Copyright: © 2024 MacArthur et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: De-identified data has

been provided in supplementary materials.

Funding: This work was supported by the

Australian Government’s Water for Women Fund -

Grant number WRA-034 (JW). The funders had no

role in study design, data collection and analysis,

decision to publish, or preparation of the

manuscript.

https://orcid.org/0000-0002-6645-5767
https://orcid.org/0000-0002-9039-3156
https://orcid.org/0000-0003-2677-2909
https://orcid.org/0000-0001-5335-6527
https://orcid.org/0000-0002-3975-9642
https://doi.org/10.1371/journal.pwat.0000233
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pwat.0000233&domain=pdf&date_stamp=2024-10-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pwat.0000233&domain=pdf&date_stamp=2024-10-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pwat.0000233&domain=pdf&date_stamp=2024-10-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pwat.0000233&domain=pdf&date_stamp=2024-10-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pwat.0000233&domain=pdf&date_stamp=2024-10-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pwat.0000233&domain=pdf&date_stamp=2024-10-17
https://doi.org/10.1371/journal.pwat.0000233
https://doi.org/10.1371/journal.pwat.0000233
http://creativecommons.org/licenses/by/4.0/


measures can be used as diagnostic or evaluation tools to support design and implementa-

tion of gender-transformative WASH interventions, programs, and policies.

1. Introduction

Embedded in the Sustainable Development Goals (SDGs) is a recognition that improvements

in health, education, food security, and poverty reduction are only strengthened through

improvements in gender and societal equalities (Goals 5 and 10). This same desire is also illus-

trated in Goal 6’s emphasis on water and sanitation for all access with “specific attention to the

needs of women, girls and those in vulnerable situations.” Referring to the Millennium Devel-

opment Goals, but with continued validity for the SDGs, Willetts et al. argue that “water, sani-
tation and hygiene issues and gender equality can be constructively addressed together, with the
former three providing an entry point for the latter” [1]. Such an approach to water, sanitation,

and hygiene (WASH) programming has been more recently described as a gender-transforma-

tive approach to WASH [2–4] aiming to “synergistically both address gender and social inequal-
ities and improve WASH outcomes” [4].

Building on the wealth of qualitative explorations of gender equality in WASH [5–11], pro-

grams increasingly require comparable quantitative data sets to evaluate the salience and scale

of transformative change resulting from interventions. Such measures hope to strengthen evi-

dence for gender-focused WASH interventions, offer monitoring and evaluation opportuni-

ties, and inform better gender-WASH practice.

Over the last decade there has been a surge in focus on this type of quantitative evidence

within the international development sector, including in the WASH sub-sector. For example,

recent quantitative measurement of empowerment, an important component of gender equal-

ity investigations, has utilized the empowerment modules in the demographic and health sur-

veys (DHS) to define and evaluate measures for the African context [12–15]. Development of

the Women’s Empowerment in Agricultural Index (WEAI) to measure differences in empow-

erment between women and men related to agriculture has also catalyzed an increase in quan-

titative approaches to assessing intervention changes [16]. The WEAI uses a threshold of

empowerment to identify the relative frequency of empowered and disempowered individuals.

Subsequent iterations of the WEAI have aimed to shorten it [17] and use it within programs

[18]. Adaptations of the WEAI have been used within development sub-sectors such as live-

stock [19], fisheries [20], nutrition [21], solar energy [22] and most recently sanitation [23].

Other recent quantitative measures within the WASH sector focus on measuring women’s dis-

tress in association with water insecurity [24], sanitation insecurity [25], and empowerment in

urban sanitation [26, 27].

All of these tools are useful in the measurement and evaluation of change within programs;

however, none explicitly seek to assess gender-transformative approaches to WASH. The

WASH-GEM addresses this gap, with an aim to create a practical and conceptually grounded

tool for WASH programs that can both: 1) inform where and how they should intervene by

better understanding gender dynamics within and beyond WASH, and 2) provide evidence of

program influence on gender equality in relation to WASH access, decisions, and roles as well

as more broadly.

This paper complements other publications on the WASH-GEM. Carrard et al. provides

detailed justification of the theoretical foundation of the WASH-GEM and its domains,

including a critical discussion on the tool’s intentional focus on gender-equality rather than
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women’s empowerment [4]. Gonzalez et al. discusses the collaborative partnership approach

to measure design, involving academics, practitioners, and civil society in Cambodia and

Nepal, highlighting how practitioners shaped its design and how these partners were able to

use the information it provides in their WASH program implementation [28].

This paper presents the most recent empirical development stage of the WASH-GEM with

a focus on its validity and reliability. The article begins with a brief discussion of gender-trans-

formative WASH and provides an overview of the structure and format of the WASH-GEM.

Next, the methodology section describes the process of developing and validating the WASH-

GEM in Cambodia and Nepal, and discusses limitations. The results follow. We present

descriptive, reliability and validity statistics from the concurrent validation pilots (n = 3056)

including coefficients of internal consistency and measurement invariance. We then review

the measure’s internal construct validity using the same dataset. Finally, we present the the-

matic scores from the validation study. We conclude with discussion of the opportunities and

challenges to continue developing, refining, and using the measure within WASH programs.

2. Background: Gender-transformative WASH

As explored during the conceptual design of the WASH-GEM, previous scholarship has iden-

tified important connections between gender dynamics in households and communities and

the traditional burden often placed on women and girls related to WASH [4]. This includes

aspects such as cooking, cleaning, water collection, and childcare [29, 30]. Additionally, men-

struation, pregnancy and menopause give rise to specific WASH needs for women and girls

[31]. The many gender dynamics embedded within WASH-related needs and activities, at

both community and household levels, provide a unique entry point to address wider gender

inequalities. This approach is described as gender-transformative, in which WASH interven-

tions can influence wider gender dynamics, norms and social structures [4].

Historically, WASH development programs have adopted a range of welfare, efficiency, or

equity approaches to addressing gender dynamics often through the provision and manage-

ment of water or sanitation infrastructure [32]. Typically, these programs focus on women

rather than gendered social structures [4, 33]. However, over the last thirty years, a sub-set of

programs have thought more strategically about how to better engage with gender dynamics

in programs. This has been done by linking practical gender needs such as access to water and

sanitation, with strategic gender interests such as empowerment and changing gender norms

[1, 34, 35]. By focusing on wider societal transformations, gender-transformative approaches

also aim to lift the burden of change from women, a challenge inherent in many women-

focused interventions [4, 36].

3. Overview of the WASH-GEM

Building on this gender-transformative approach to WASH and articulated in parallel publica-

tions [4, 37], the WASH-GEM is ultimately rooted in the Capability Approach of human

development, which identifies aspects of individual empowerment as pathways towards trans-

formative equality [38–40]. As such, the WASH-GEM centers on personal empowerment as

defined by Kabeer [32], but situates empowerment within the broader social and structural

environment–to reflect a societal system of gender equality. At its core the WASH-GEM

includes the personal empowerment domains of Resources, Agency, and Wellbeing (Kabeer’s

achievements or outcomes). This empowerment triad is then blended with two additional

domains that articulate the influence of gendered societal norms on personal empowerment as

evidenced in beliefs and community structures. Focused on beliefs, the WASH-GEM includes

a Critical Consciousness domain which highlights one’s ability to recognize societal
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inequalities. This is distinct to other conceptualizations of Critical Consciousness as agency

(WEAI) or resources (ARISE scales). As such, the WASH-GEM emphasizes that the Critical

Consciousness of family and community members can significantly influence one’s personal

empowerment. Next, addressing social dynamics, the WASH-GEM includes the domain of

Structures by measuring community gender norms. The Structures domain also includes the

theme of mobility, which while often connected with agency (as in the WEAI and ARISE

scales), was conceptualized within the WASH-GEM as being more limited by societal norms

and practices, than intrinsic agency.

As a result, the WASH-GEM comprises five domains: Resources, Agency, Critical Con-

sciousness, Structures, and Wellbeing, and a total of 16 themes (Fig 1). These themes are

designed to help diagnose gender dynamics or assess changes associated with WASH pro-

grams in both WASH-related and beyond-WASH activities. The multi-thematic approach has

also recently been taken in the development of other quantitative measures, such as the ARISE

scales which measure women’s empowerment in urban sanitation and are a complementary

set of measures to the WASH-GEM [27]. As a gender-transformative tool, the WASH-GEM

curates a set of measures related to both WASH and beyond-WASH, with an aim of demystify-

ing what types of gender equality aspects can be influenced by changes in WASH [37]. It

should be noted that this conceptual framework has evolved since previous WASH-GEM pub-

lications based on the validation study results.

At the start of the project, the WASH-GEM was conceptualized as a single multi-dimen-

sional index or a series of domain-wise indices; however through the collaborative conceptual

design, and rapid and exploratory piloting this approach was deemed less judicious for practi-

cal and empirical reasons. A single summary index has been adopted by the developers of

other quantitative measures, such as the WEAI [17, 41] and the EWI [23], and include thresh-

olds or levels of empowerment. However, with the WASH-GEM’s broader focus on equality

(of which empowerment is a key component) the team decided during the exploratory piloting

phase, that it was not appropriate to distill individual experiences into a single number with a

threshold. As such the WASH-GEM, became set of measures–such as the ARISE scales [27]

Fig 1. Themes within the WASH-GEM indicating the WASH and beyond WASH construction.

https://doi.org/10.1371/journal.pwat.0000233.g001
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and thematic interpretation of the DHS empowerment module from Nigeria [15]. While a set

of measures is less concise than a single index or domain-indices, it is arguably more prudent

and empirically grounded.

Additionally, during the initial conceptual framework development, and piloting phases of

the measure design, the team explored and tested a wide variety of existing and novel items with

a goal of creating a short, practical and simple measurement tool focused on highlighting gen-

der differences with a strong do-no-harm approach. As such the team explored measures such

as the Self-Reporting Questionnaire (SRQ-20) [42] for mental health, the Psychological Wellbeing
measure (PWB-18) [43], the Perceived Physical Health Survey (RAND-36) [44], and the Critical
Consciousness Scale (CCS-22) [45]; yet these measures were deemed to be too long for a multi-

dimensional measurement system. Other measures such as the Psychological Wellbeing and Self-
esteem Measure [46] and critical consciousness measures [47, 48] had items that would require

significantly more robust do-no-harm approaches than would be appropriate for the WASH-

GEM (through items about self-harm, suicide ideation or violence). The developers of the

WASH-GEM believe that much more care must be taken when exploring such sensitive topics

than is usual in program-based studies. Additional useful scales such as the Individual Water
Insecurity Experiences [49] only explored aspects to water and did not incorporate aspects of

sanitation and hygiene–a core part of the WASH-GEM’s conceptualization. The ARISE sanita-

tion scales [27] were not yet developed during this piloting phase, but also did not include water

and hygiene. Lastly, the team also piloted existing agency focused tools such as the General Self-
efficacy Scale (GSE-6) [50], the Relative Autonomy Index [41, 51], the Household Decision-mak-
ing Index [52], the Power Ladder [53], and the Sense of Agency Scale [54]. However, these mea-

sures all performed poorly during cognitive interviews and piloting, with confused and

frustrated respondents. For example, concepts such as ‘goals’ and ‘achievements’ proved com-

plicated and non-contextualized for respondents, sometimes even causing distress. Often the

nuance in the English wording was lost in translation leading to repetition especially in local

dialects. As such, only two existing measures were piloted in the validation study: the Relative
Autonomy Index [51] and the General Self-Efficacy Scale [50] used to explore criterion validity.

4. Methodology: Measure validation

Since the beginning, the WASH-GEM was designed to balance first conceptual, then practi-

cal, and finally empirical considerations. As such, the measure was not initially designed using

traditional scale development techniques. Hence the empirical validity of the measure, the

focus of this article, was done at a later stage once the key aspects of the measure had been

determined using practical and conceptual considerations. In this section we outline the pro-

cess of testing the measure’s empirical validity based on data collected through a third iteration

of the WASH-GEM in 2020.

4.1 Measure development process

The WASH-GEM’s multi-phase development process began in 2019 as outlined in Fig 2 and

included multiple rounds of data collection and measure refinement. This paper specifically

presents results from Phase 4: Validation Pilot. Details of the other phases can be found in

Table A in S1 Text.

Each phase of the process focused on a different aspect of validity, however also engaged

with all aspects of conceptual, content, face, and construct validity to some extent. The mea-

sure was refined, and its utility interrogated across all stages of its development in collabora-

tion with WASH practitioner partners in Cambodia and Nepal: iDE and SNV respectively [4].

The validation pilot took place in 2020, with continued analysis through 2023.
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The validation pilot utilized a pre-shortened version of the WASH-GEM, relying on results

from the rapid and exploratory pilots which reviewed conceptual validity, content validity,

construct validity and initial refinement. While not the focus of this article, Phases 1–3

included expert consultation (n = 30), global expert review (n = 12), local expert review

(n = 10), expert translation, rapid pilot observations (n = 40), cognitive interviews (n = 20),

sensemaking workshops (n = 4), item difficulty and discrimination analysis, exploratory factor

analysis, inter-item and intra-measure correlations, and known-groups validity.

There is further work required to explore the external validity of the WASH-GEM and mea-

surement invariance in new contexts as indicated in Phase 5. Nonetheless, this work offers a

starting point for gender-transformative measurement.

4.2 Programmatic context

The WASH-GEM was developed in collaboration with two rural WASH programs within the

Australian Government’s Water for Women Fund in South and Southeast Asia. Each program

adopted a systems-focused approach, one through sanitation markets in Cambodia and the

other through water governance in Nepal.

• Sanitation Marketing Scale-Up Program 3 (SMSU3) implemented by iDE Cambodia oper-

ated in six rural provinces, and supported the promotion and sale of latrines, fecal sludge

management and handwashing systems through private enterprises.

• Beyond the Finish Line leveraged recent decentralization in governance structures in Nepal

to support inclusive, sustainable, and resilient water supply services and hygiene behavior

change communications in households, schools, and health care facilities in two rural

districts.

4.3 Data collection

Data was collected through structured enumerated interviews between October and December

2020, between waves in the COVID-19 pandemic. COVID protocols were followed in both as

required. The WASH-GEM items (questions) used in the Phase 4 study can be found in

Table B in S1 Text.

A stratified multistage random sample design was used in both countries, with a balanced

sample of women and men respondents. The sampling consisted of four stages: 1) selection of

Fig 2. Phased measure development process and phase focus.

https://doi.org/10.1371/journal.pwat.0000233.g002
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programmatic sub-national locations, 2) purposeful selection of districts/municipalities to rep-

resent the breadth of variance in program catchment areas (using DHS data to identify areas

with variations in WASH status, electricity, land ownership, poverty levels and female headed

households), 3) random selection of communes/wards from lists of the program working

areas, 4) random selection of villages. Two villages were selected in each commune/ward; one

primary and one alternate if the goal of just over 80 respondents in a village was not feasible.

At the village level, enumerators sought socio-economic variation where relevant in their selec-

tion of households. At the sub-national level, in Nepal both districts were selected: Sarlahi and

Dailekh, and in Cambodia, a subset of three provinces (out of six) were selected to represent

the breadth of variance in the program operational areas: Kampong Thom, Prey Veng, and

Kandal. In Cambodia, the WASH-GEM tool was also used with male and female latrine busi-

ness owners (n = 21), to investigate the impacts on WASH service providers, who are the pri-

mary touchpoint for iDE’s programming.

The survey tool aimed to interview, wherever possible, a man and a woman from the same

household–a dyad of the male primary decision-maker (amongst men) and the female primary

decision-maker (amongst women). Challenges related to migration and individuals working

outside the home led to the inclusion of 32% of participants who were interviewed as “single-

tons” in the exploratory and validation phases.

A two-day enumerator training was conducted and included detailed exploration of the

WASH-GEM items and ethical considerations including distress protocols. Lessons learned

from prior phases informed enumerator recruitment and training, as well as the process of

data collection. Recruited enumerators were an equal number of women and men; and

women enumerators interviewed women respondents and men interviewed men respondents.

Data was collected through tablets or smartphones using Taroworks (Cambodia) and Akvo-

Flow (Nepal) and stored in secure cloud-based data servers.

4.4 Data analysis

The empirical focus of the validation analysis sought to interrogate the validity and reliability

of the measure using the available data from the validation data collection. In hindsight, addi-

tional data could have been collected to further strengthen this process of analysis. Nonethe-

less, the analysis procedures aimed to analyze the structural validity, construct validity,

internal reliability and measurement invariance for the WASH-GEM.

Data analysis for the validation pilot was conducted in RStudio by the first author, sup-

ported by the second author. Sensemaking workshops with each in-country program team uti-

lized item and theme insights to create action plans and leveraged contextual knowledge to

triangulate and interpret the analysis.

Data was pooled from Cambodia and Nepal. Missing data was filled using imputed means

calculated by gender and region, and a subset of data was used which removed two responses

who self-identified as ‘other gender’, as with such a small sample meaningful conclusions

could not be drawn. The data was also randomly split in half for analysis indicated by ‘Split a’

and ‘b’ in the subsequent documentation. Split a was used for the exploratory aspects of analy-

sis and Split b for the confirmatory aspects. Tests of structurally validity and invariance were

only possible for themes with three items or more (nine WASH-GEM themes) and tests of

internal reliability were only possible for themes with two or more items (15 WASH-GEM

themes). As such, one theme which only had one-item, Physical Health was only tested for

known-group construct validity.

The specific analysis procedures in the validation pilot are summarized in Table 1 and

described in the subsequent text.
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4.4.1 Structural validity

Structural validity and reliability were interrogated in Phase 4 for the WASH-GEM through

exploratory factor analysis, confirmatory factor analysis, measurement invariance, and tests of

internal consistency for nine of the testable WASH-GEM themes. Structural validity was a crit-

ical aspect of the validation of the WASH-GEM due to its theoretical combination of indices

(“deliberately multidimensional aggregate measures” [60]) and scales. It should be noted that

the importance of such testing was not incorporated into the initial design of the measure and

as such, seven of the WASH-GEM’s themes did not include more than two items, a require-

ment for such testing. As such, the analysis was run on the nine testable themes.

Table 1. Summary of Phase 4 measure validation procedures.

Focus Activity Purpose Procedure Dataset References

Structural Validity Exploratory factor

analysis (EFA) for Item

Reduction

Explore the factor structure of the

nine WASH-GEM themes with more

than two items and explore structural

validity.

Scree plots, parallel analysis, and exploratory factor

analysis were used to determine the optimal

number of factors for each theme. Exploratory

factor analysis was also used for item reduction

based on cross-loadings greater than |0.3| and

pattern coefficients of less than |0.3|. Fit was

assessed using the Tucker Lewis Index (TLI), and

Diagonal Values Fit (DVF), Root Mean Square

Error of Approximation (RMSEA) and Root Mean

Square Residual (RMSR). Fit was deemed good with

TLI >0.90 or DVF >0.90 and RMSR< 0.08.

Split a [55]

Structural Validity Confirmatory factor

analysis (CFA)

Confirm the factor structure of the

nine WASH-GEM themes with more

than two items and clarify structural

validity.

Confirmatory factor analysis was conducted for

each theme to confirm structural validity and model

fit. Fit was assessed using the Comparative Fit Index

(CFI), TLI, RMSEA and (Standardized) Root Mean

Square Residual (SRMR). Fit was deemed good with

TLI >0.90 and CFI > 0.90 and RMSR < 0.08 or

RMSEA < 0.08.

Split b [55, 56]

Measurement

invariance

Multiple-Group

Confirmatory factor

analysis (MGCFA)

Assess whether the nine
WASH-GEM themes with more than

two items hold across gender and

country.

Conducted multiple-group confirmatory factor

analysis (MGCFA) testing for configural, metric

and scalar invariance across relevant themes. For

configural model fit, the same thresholds were used

from the CFA analysis. Invariance thresholds of

Δ0.01 for CFI and Δ 0.03 for RMSEA, with priority

given to the CFI threshold.

Pooled [27, 55, 56]

Internal Reliability Internal consistency Assess the internal consistency the of

15 WASH-GEM themes with more

than one item.

Coefficients of internal consistency were calculated

for each theme, to confirm reliability. Standardized

Cronbach’s Alpha, Spearman-Brown Statistic and

Omega Total were used to assess consistency of

unidimensional, two-item, and multidimensional

themes respectively. A threshold of 0.70 for both

coefficients was used, with 0.80 preferred.

Split b [55, 57–

59]

Construct validity

and item reduction

Inter-item and intra-

measure correlations

Evaluate if items have been allocated

to the correct themes.

Calculated correlation coefficients (Pearson’s r)

between items and themes.

Pooled [55]

Construct validity Known-groups validity Bivariate descriptive statistics for

items, and all themes.

Quantified the associations between themes and

other variables such as education, age, and wealth

quintile. Calculated statistical significance

(unpaired t-tests) and effect size (Cohen’s d) for

relevant co-factors by item, and theme.

Split b [55]

Construct validity Dyad analysis Assess agreement between dyads with

regard to household asset ownership

and WASH access.

Assessed for difference in trends in dyad and non-

dyad responses using correlation coefficients

(Pearson’s r).

Split b—

Cambodia

[55]

Criterion validity Criterion correlations Assess agreement between the new

Self-efficacy scale and General Self-

Efficacy Scale

Assessed for broad alignment between the specific

self-efficacy scale and the existing General Self-

Efficacy scale (Pearson’s r).

Pooled [55]

https://doi.org/10.1371/journal.pwat.0000233.t001
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Exploratory factor analysis (EFA) was conducted on the exploratory random split half of

the validation dataset (Split a) for each of the nine testable WASH-GEM themes (with more

than two items) to explore underlying factors and to refine the measure. EFA sought to iden-

tify low loading items and items with potential cross loading. EFA was conducted using the

most appropriate factoring method or rotation for the theoretical makeup of each theme (‘vari-

max’ and principal factors for deliberately multidimensional aggregates and ‘quartimax’ with

weighted least squares for scales). Additionally, detailed EFA and IRT was done in Phase 3 of

this study (outside the scope of the article).

Confirmatory factor analysis (CFA) was conducted on the confirmatory random split half

of the validation dataset (Split b) to test the factor structures identified through EFA, for each

of the nine testable WASH-GEM themes. Two additional shortened themes were also tested

for fit as these included items in which men and non-menstruating women were automatically

scored fully (Access to WASH and WASH Related Wellbeing). All themes were tested using

both the maximum likelihood and weighted least squares estimator.

Tests for measurement invariance were conducted on the nine testable WASH-GEM

themes using multiple-group confirmatory factor analysis (MGCFA) between respondents by

gender and country as configural (factor structure), metric (factor loadings) and scalar (mean

values) invariance [56] using the confirmatory dataset. For the two themes which included

menstrual hygiene management questions, it was not possible to test for gendered measure-

ment invariance as all men and non-menstruating women were automatically given full scores.

As such, invariance has been tested on a shortened version of these two scales. This indicates

that comparison between women and men would rely on the shortened version rather than

the full version (only comparable for women). It should be noted that the significant contex-

tual differences between Cambodia and Nepal gives an opportunity to further test invariance

in other contexts.

4.4.2 Internal consistency

Internal consistency of the WASH-GEM themes was calculated for each of the 15 testable

themes using Cronbach’s alpha, Spearman-Brown (for two-item themes) and McDonald’s

Omega Total [55, 57–59]. McDonald’s Omega Total was particularly important for themes

that were conceptualized as indices rather than scales, for example Access to WASH, where the

unidimensional pre-requisite would not be met. When the internal consistency scores were

greater than 0.70, the measure was considered reliable [61].

4.4.3 Internal construct validity

Internal construct validity was tested using the Split a dataset using: 1) inter-item and inter-

measure correlations, 2) known-group validity, and 3) dyad-agreement analysis. Inter-item

and intra-measure correlations (Person’s r) were calculated to identify items for removal and

ensure that items were correctly allocated to themes. Known-group validity was explored

using t-tests, ANOVA, and the calculation of effect sizes (Cohen’s-d) for relevant themes

against key groups including age, highest level of education, and wealth quintile. Notably, gen-

der was not included in known-group analysis based on experiences in Phases 1–3 which

highlighted that women may be more empowered that men, in particular amongst women-

income earning homes and caste minorities. Lastly, agreement between paired dyads was also

analyzed using Person’s r for asset ownership, wealth quintile and WASH access items. This

helped to examine the construct validity of access and ownership items. Cross-dyad identifica-

tion numbers were only available for the Cambodia dataset and as such dyad agreement was

not reviewed for Nepal.
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4.4.4 Criterion validity

Within the validation dataset, one of the WASH-GEM themes–Self Efficacy, was also testable

for criterion validity. Based on the experiences of cognitive testing and exploratory piloting,

the team had decided to create a specific self-efficacy measure which was anticipated to have

broad alignment with the General Self-efficacy Scale (GSE-6) [50]. Alignment was assessed

through correlation (Pearson’s r) between the existing and novel scales.

4.4.5 Scoring

Since its inception, the WASH-GEM’s scoring methodology has been a critical area of collabo-

rative debate and deliberation with an objective to identify the simplest, yet most robust, scor-

ing approach for each theme.

To score the WASH-GEM themes for the empirical validation study, the team drew on the

confirmed structural validity of each theme. For two-item themes, simple scoring was utilized.

For multidimensional themes, sensitivity analysis was conducted against gender, age, educa-

tion, and wealth quintile to determine if a simple sum instead of a weighted sum (based on fac-

tors) would produce broadly the same statistical results. Full details of scoring can be found in

Table B in S1 Text. This is in alignment with recent recommendations by Widaman & Revelle

who argue based on empirical evidence that “if sum scores are computed in exactly the same
fashion in different studies, the results of the studies will be more easily compared than if some
other, sample-specific method is used in each study to composite item scores” [62]. Additionally,

some of the themes were designed as measures of structural experiences rather than psycho-

social measures, however they were still analyzed and scored through the same procedures.

Scoring sensitivity analysis results can be found in Table G in S1 Text.

It should be noted that previous publications related to the WASH-GEM [28, 37], were

written prior to the decision to shift from domain-wise to thematic aggregation.

4.5 Ethical statement

The study was approved by University of Technology Sydney (UTS HREC REF NO. ETH18-

2599-Project 17232), prior to the start of the research, covering all phases of the research. For-

mal informed consent was obtained by each participant prior to the start of the interview. A

checklist ensured that enumerators discussed each key aspect of the study and ensured com-

prehension. Consent was given verbally and recorded digitally through a checkbox ticked by

the enumerator.

As research on gender topics is sensitive and respondents can experience backlash, care was

taken to mitigate risks for both male and female participants. For all rounds of piloting, this

included 1) focused training for the enumeration teams, 2) informed consent from partici-

pants conducted privately to reduce risk that a respondent’s decision to participate would be

influenced by others, 3) private and separate interviews (gender-paired with the enumerator

based on the respondent’s self-identified gender), and 4) do-no-harm and distress protocols to

respond to potential emotional responses during and after the interviews. The survey tool was

purposefully designed to commence with less sensitive questions before moving into more

challenging topics.

The study also piloted the use of a distress measure to identify and diagnose potential expe-

riences of distress by respondents. This measure included four questions related to interview

ease, stress, privacy, and comprehension to be completed by the enumerator at the end of the

survey interview. The distress scale was also validated during Phases 4 and 5 of the study and

results are anticipated in a forthcoming publication.
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4.6 Limitations

This study must be interpreted through its limitations. Namely, constraints on appropriate val-

idation approaches, complicated logistics due to COVID-19, and restraints on the extent to

which the tool can explore inequalities related to sexual and gender minorities and individuals

with disability.

The analysis presented in this paper is intended to explore the validity of a measure

designed firstly with conceptual and practical considerations. As such, there were not opportu-

nities to explore other validation procedures such as criterion validity and test-retest validity.

Attempts to conduct criterion validity for some aspects of the measure (such as self-efficacy

and relative autonomy) were dropped due to low performance of the externally validated com-

ponents in cognitive testing (Phase 1). Additionally, test-retest was purposefully not conducted

as part of a do-no-harm strategy. This was related to the sensitive nature of the survey tools in

exploring potentially distressing topics as observed during Phases 1–3. Lastly, as the measure

had already been refined by Phase 4, seven of the themes were already reduced to single or

two-items–limiting opportunities for validation procedures. Within these confines, the team

has, to the best of our abilities, aimed to examine the validity and reliability of the measure.

The third and fourth phases of the development of the WASH-GEM coincided with the

COVID-19 pandemic and subsequent country-wide lockdowns in Cambodia and Nepal. All

data collection was conducted during safe travel periods. Nonetheless, the pandemic did create

several logistical challenges, such as conducting enumerator training and sensemaking work-

shops remotely through video conferencing. Despite these constraints, the team was able to

collect and verify a full sample to ensure that the measure could be validated as required.

The WASH-GEM has not been tailored to address specific disability issues; it also currently

focuses on cis-gender individuals in heterosexual relationships. These decisions were made in

collaboration with organizations focusing on individuals with disability and sexual and gender

minorities (SGMs) along with the pilot programs. The WASH-GEM’s use of a binary defini-

tion of gender reflects the previous research on which the measure builds–which addresses

roles, relationships, and distribution of power between cis-gender women and men–and

acknowledges the practical challenges and protection risks associated with collecting and man-

aging data involving SGMs. Two respondents in the validation study from Nepal self-identified

as other gender and their responses have not been displayed in the validation study gender-

segregated analysis. With only two individuals, responses are not assumed to be indicative of

the wider experiences of SGMs and drawing attention to them is not aligned with the study’s

do-no-harm approach. Tailored tools for the inclusion of SGMs and of people with a disability

would be a helpful evolution for the next stage of development of the WASH-GEM.

In forthcoming work, not the focus on this article, the WASH-GEM will be further tested

and refined. In particular, the measure will be piloted as a diagnostic tool in four further coun-

tries (Ghana, Laos, Bhutan, and Bangladesh) and used to evaluate changing gender dynamics

in Cambodia and Nepal through a baseline-endline analysis. Future work could also include

test-retest analysis as well as tests of criterion or external validity as appropriate.

5. Results

Building on the phased development of the WASH-GEM, we now present the results of the

Phase 4 validation pilot. We begin with socio-demographic characteristics of the full validation

pilot sample before presenting results of the measure’s validity and reliability. We conclude the

results section by presenting thematic WASH-GEM scores. Deidentified data and analysis

code can be found in S1 and S2 Data respectively.

PLOS WATER Validity and internal reliability of the WASH-GEM

PLOS Water | https://doi.org/10.1371/journal.pwat.0000233 October 17, 2024 11 / 24

https://doi.org/10.1371/journal.pwat.0000233


5.1 Descriptive statistics

Descriptive characteristics of the respondents for the validation pilot are included in Table 2

and explored by gender and country. The results indicate that a large proportion of respon-

dents had relatively low levels of education. In particular, 77% of female respondents in Nepal

had either never attended school or only attended through preschool, compared to 51% of

men in Nepal. Most households (53%) comprised between four and six members who regu-

larly lived within the home. This number excluded family members who had migrated. 93% of

respondents were married or living together with their partner. The Cambodian respondents

were all ethnically Khmer and almost all Buddhist, which is consistent with the population

generally. The ethnicities of respondents in Nepal were also consistent with the general popu-

lation and almost all respondents were Hindu. Approximately a quarter of the households

from Cambodia and Nepal included a member with a disability based on the Washington

Group Short Set on Functioning questions. Two respondents in Nepal self-identified as other

gender and have been excluded from demographic characteristics. Approximately 70% of

respondents in Nepal (73% for women, 69% for men) had experienced a change related to

their WASH situation within the last year reflecting the recent Government-led open-defeca-

tion-free campaigns which had taken place in two provinces. Within both countries, some

16% of respondents were engaged in some way as change agents within programs (such as part

of a local sanitation business, WASH committee members or community mobilizers).

5.2 Reliability and validity

Structural validity and reliability were interrogated in Phase 4 for the WASH-GEM through

exploratory factor analysis, confirmatory factor analysis, measurement invariance, and tests of

internal consistency for each testable theme of the WASH-GEM.

5.2.1 Exploratory factor analysis and inter-item correlations

Through the EFA and inter-item/theme correlations, a total of 19 items were removed from

the Critical Consciousness, Gender Norms in WASH, and Mobility themes because of low pat-

tern coefficients, low correlations and feedback from the project teams related to the under-

standability of the items. After refinement, all exploratory factor models showed overall good

fit (TLI 0.934–1.000 with SRMR 0.01–0.02 and pattern coefficients ranging from 0.29–0.99).

The models all indicated between one and three factors. The Access to WASH theme did not

have any degrees of freedom and as such TLI was not estimated instead relying on DVF of

0.998. Full details of the final EFA model fit are included in Table D in S1 Text. The final list of

items can be found in Table B in S1 Text.

5.2.2 Confirmatory factor analysis (CFA)

All of the nine testable themes demonstrated overall good fit through CFA (CFI 0.988–1.000,

TLI 0.936–1.000, RMSEA 0.000–0.063, and SRMR 0.009–0.041 through weighted least squares

estimation). Detailed CFA results for each relevant theme are included in Table E in S1 Text.

For the two themes which included menstrual hygiene items -Access to WASH and WASH
Related Wellbeing- the shorted models which excluded the menstrual hygiene items (for gen-

der comparison), also demonstrated good fit.

5.2.3 Internal consistency

Internal consistency was calculated for each of the 15 testable themes using Cronbach’s alpha,

Spearman-Brown and Omega total as shown in Table 3. Three of the two-item themes did not
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Table 2. Sociodemographic characteristics of respondents (n = 3054). Counts are of individuals unless indicated as a count of households with “h =“.

Sociodemographic characteristics Overall Cambodia Nepal

Women Men Women Men

Sample

Individuals 3054 748 748 801 757

Households h = 2011 h = 606 h = 606 h = 413 h = 387

Dyad Response

Individuals 2086 (68.3%) 285 (38.1%) 284 (38.0%) 776 (96.9%) 741 (97.9%)

Households h = 1043 h = 142 h = 142 h = 388 h = 370

Region

Kampong Thom 502 (16.4%) 251 (33.6%) 251 (33.6%) - -

Kandal 498 (16.3%) 249 (33.3%) 249 (33.3%) - -

Prey Veng 496 (16.2%) 248 (33.2%) 248 (33.2%) - -

Dailekh 626 (20.5%) - - 321 (40.1%) 305 (40.3%)

Sarlahi 932 (30.5%) - - 480 (59.9%) 452 (59.7%)

Wealth Quintile

Lowest 681 (22.3%) 168 (22.5%) 139 (18.6%) 197 (24.6%) 177 (23.4%)

Second 571 (18.7%) 151 (20.2%) 143 (19.1%) 129 (16.1%) 148 (19.6%)

Middle 712 (23.3%) 156 20.9%) 147 (19.7%) 215 (26.8%) 194 (25.6%)

Fourth 489 (16.0%) 152 (20.3%) 141 (18.9%) 103 (12.9%) 93 (12.3%)

Highest 601 (19.7%) 121 (16.2%) 178 (23.8%) 157 (19.6%) 145 (19.2%)

Highest Level of Education

Preschool or below 1264 (41.4%) 143 (19.1%) 120 (16.0%) 617 (77.0%) 384 (50.7%)

Primary 1083 (35.5%) 464 (62.0%) 346 (46.3%) 94 (11.7%) 179 (23.6%)

Secondary or higher 707 (23.2%) 141 (18.9%) 282 (37.7%) 90 (11.2%) 194 (25.6%)

Number of Household Members

1–3 498 (16.3%) 168 (22.5%) 149 (19.9%) 92 (11.5%) 89 (11.8%)

4–6 1629 (53.3%) 438 (58.6%) 453 (60.6%) 373 (46.6%) 365 (48.2%)

7–9 712 (23.3%) 118 (15.8%) 129 (17.2%) 248 (31.0%) 217 (28.7%)

10+ 206 (6.7%) 24 (3.2%) 16 (2.1%) 85 (10.6%) 81 (10.7%)

NA 9 (0.3%) 0 (0%) 1 (0.1%) 3 (0.4%) 5 (0.7%)

Age

18–30 431 (14.1%) 116 (15.5%) 49 (6.6%) 171 (21.3%) 95 (12.5%)

31–49 1448 (47.4%) 349 (46.7%) 336 (44.9%) 423 (52.8%) 340 (44.9%)

50+ 1175 (38.5%) 283 (37.8%) 363 (48.5%) 207 (25.8%) 322 (42.5%)

Marital Status

Divorced / separated 34 (1.1%) 28 (3.7%) 5 (0.7%) 0 (0%) 1 (0.1%)

Married or living together 2841 (93.0%) 609 (81.4%) 701 (93.7%) 789 (98.5%) 742 (98.0%)

Migrated spouse 27 (0.9%) 25 (3.3%) 2 (0.3%) 0 (0%) 0 (0%)

Unmarried 62 (2.0%) 25 (3.3%) 14 (1.9%) 10 (1.2%) 13 (1.7%)

Widowed 90 (2.9%) 61 (8.2%) 26 (3.5%) 2 (0.2%) 1 (0.1%)

Ethnicity/Caste

Ethnic Khmer 1496 (49.0%) 748 (100%) 748 (100%) - -

Brahmin / Chhetri 401 (13.1%) - - 204 (25.5%) 197 (26.0%)

Dalits 497 (16.3%) - - 271 (33.8%) 226 (29.9%)

Janjati 257 (8.4%) - - 129 (16.1%) 128 (16.9%)

Madhesi 262 (8.6%) - - 146 (18.2%) 116 (15.3%)

Muslim 99 (3.2%) - - 48 (6.0%) 51 (6.7%)

Other 42 (1.4%) - - 3 (0.4%) 39 (5.2%)

(Continued)
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demonstrate internal reliability (Control over Resources, Gender Norms and Mental Health).

Four themes demonstrated high internal reliability with scores over 0.70 including: the two-

item Household Respect and Life Satisfaction themes; and the multidimensional Relative
Autonomy and Collective Agency themes. Eight themes demonstrated very high internal reli-

ability with scores over 0.80 including: Access to WASH, Decision Making in WASH, Awareness
of Patriarchal Norms (Critical Consciousness), Gender Norms in WASH, Self-efficacy and

WASH Related Wellbeing themes and the two-item Social Capital theme.

5.2.4 Measurement invariance

Table 4 includes a summary of the Comparative Fit Index (CFI) scores for each of the nine

measures tested for gender and country invariance. Full results are provided in Table F in S1

Text. Configural models had good fit (CFI>0.95) for all nine tested measures across both gen-

der and country. Full invariance was found for the Self-efficacy and Mobility measures across

both gender and country. Gendered invariance was found in all themes except the Decision
Making in WASH, Collective Agency and Gender Norms in WASH. However, gendered metric

and scalar invariance was found for these three themes when using a dataset of only commu-

nity members (excluding the 21 business owners in Cambodia indicating how unique these

business owners are from the general population). Metric country-based invariance was not

found in the Relative Autonomy, Collective Agency measure, and Perceptions of WASH Wellbe-
ing. Additionally, the Critical Consciousness (Awareness of Patriarchal Norms) theme did not

indicate country-based scalar invariance indicating just how strong these norms differ across

contexts.

These results indicate that the measures are valuable for comparing results between gender

and a sub-set are currently effective for cross-country comparison.

5.3 Construct and criterion validity

Construct validity was tested using the Split b dataset using both known-group validity and

dyad-agreement analysis.

5.3.1 Known group and criterion validity

Known-group validity was explored using t-tests, ANOVA, and the calculation of effect sizes

(Cohen’s-d) for relevant themes against key known groups including region/province, age,

Table 2. (Continued)

Sociodemographic characteristics Overall Cambodia Nepal

Women Men Women Men

Religion

Buddhist 1496 (49.0%) 746 (99.7%) 747 (99.9%) 1 (0.1%) 2 (0.3%)

Christian 13 (0.4%) 2 (0.3%) 1 (0.1%) 8 (1.0%) 2 (0.3%)

Hindu 1446 (47.3%) 0 (0%) 0 (0%) 744 (92.9%) 702 (92.7%)

Muslim/Islamic 99 (3.2%) 0 (0%) 0 (0%) 48 (6.0%) 51 (6.7%)

Disability in household 680 (22.3%) 121 (16.2%) 182 (24.3%) 211 (26.3%) 166 (21.9%)

WASH-specific Engagements

Program involvement 491 (16.1%) 11 (1.5%) 10 (1.3%) 279 (34.8%) 191 (25.2%)

Changes in WASH situation in last 12 months 1540 (50.4%) 177 (23.7%) 252 (33.7%) 586 (73.2%) 525 (69.4%)

WASH skill development 788 (25.8%) 367 (49.1%) 97 (13.0%) 202 (25.2%) 122 (16.1%)

Income related to WASH 312 (10.2%) 65 (8.7%) 70 (9.4%) 114 (14.2%) 63 (8.3%)

https://doi.org/10.1371/journal.pwat.0000233.t002
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Table 3. Internal validation results (Phase 4b) for WASH-GEM themes with more than one item.

Domain Theme Factors / Items Standardized alpha (α) Spearman-Brown Omega Total Interpreted Reliability

Resources Access to WASH+ 3 factors, 6 items 0.53 - 0.80 Very High

Control over Resources* 1 factor, 2 items 0.15 0.15 - Very Low
Social Capital 1 factor, 2 items 0.85 0.85 - Very High

Agency Decision Making in WASH 2 factors, 5 items 0.68 - 0.80 Very High

Household Respect 1 factor, 2 items 0.81 0.78 - High

Adapted Relative Autonomy 2 factors, 5 items 0.67 - 0.79 High

Self-efficacy 2 factors, 5 items 0.85 - 0.89 Very High

Collective Agency 2 factors, 5 items 0.62 - 0.79 High

Critical Consciousness Awareness of Patriarchal Norms 2 factors, 7 items 0.86 - 0.90 Very High

Structures Gender Norms in WASH* 3 factors, 6 items 0.69 - 0.86 Very High

Gender Norms^ 1 factor, 2 items 0.30 0.43 - Very Low
Mobility 2 factors, 5 items 0.72 - 0.83 Very High

Wellbeing WASH related Wellbeing+ 3 factors, 8 items 0.79 - 0.88 Very High

Mental Health* 1 factor, 2 items 0.32 0.33 - Very Low

Life Satisfaction 1 factor, 2 items 0.74 0.73 - High

• Alpha was calculated for all 9 themes, however recognizing that unidimensionality is frequently noted as a requirement.

• Bolded values are > 0.70

• Plus (+) indicates themes which included questions focused on menstruation.

• Asterixis (*) indicates that work is required to strengthen these themes.

• Dash (-) indicates that the test was not appropriate.

• Carrot (^) indicates that the theme has been strengthened in Phase 5

https://doi.org/10.1371/journal.pwat.0000233.t003

Table 4. Measurement invariance summary as CFI scores of internally validated measures of the WASH-GEM by country and gender.

Theme Configural Metric Scalar

Access to WASH Country 0.988

Gender+ 0.975

Country 0.986 (yes)

Gender+ 0.968 (yes)

Country 0.746 (no)

Gender+ 0.733 (no)

Decision Making in WASH Country 0.981

Gender 0.968

Country 0.947 (no)

Gender 0.949 (no)*
–

–*
Relative Autonomy Country 0.971

Gender 0.971

Country 0.924 (no)

Gender 0.985 (yes)

–

Gender 0.982 (yes)

Self-efficacy Country 0.998

Gender 0.998

Country 0.998 (yes)

Gender 0.996 (yes)

Country 0.994 (yes)

Gender 0.995 (yes)

Collective Agency Country 0.980

Gender 0.989

Country 0.954 (no)

Gender 0.969 (no)*
–

–*
Awareness of Patriarchal Norms Country 0.996

Gender 0.990

Country 0.983 (yes)

Gender 0.983 (yes)

Country 0.923 (no)

Gender 0.978 (yes)

Mobility Country 0.996

Gender 0.982

Country 0.990 (yes)

Gender 0.991 (yes)

Country 0.990 (yes)

Gender 0.986 (yes)

Gender Norms in WASH Country 1.000

Gender 0.975

Country 1.000 (yes)

Gender 0.998 (no)*
Country 0.962 (no)

–*
Perceptions of WASH related Wellbeing Country 0.991

Gender+ 0.984

Country 0.961 (no)

Gender 0.978+ (yes)

–

Gender 0.975+ (yes)

• Invariance is indicated through the bracketed yes and no responses.

• Dashes indicate that tests are irrelevant.

• Asterisks (*) indicates that the test was valid using a subset of the data which did not include Latrine Business Owners (LBOs) in Cambodia

• Plus sign (+) indicated that a shortened version of the theme was tested

https://doi.org/10.1371/journal.pwat.0000233.t004
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highest level of education, and wealth quintile. Themes related to wealth including Access to
WASH, Control of Resources, Collective Agency, WASH Wellbeing and Mental Health all per-

formed as hypothesized. Themes related to education including WASH Related Decision Making,

Self-efficacy, Collective Agency, Critical Consciousness Mobility, Mental Health, and Life Satisfac-
tion performed as hypothesized. Themes related to age including Household Influence, Self-effi-
cacy, and Physical Health all also performed as hypothesized. Additionally, regions which were

more remote or harder to reach were also associated with lower scores for nearly all themes in

Nepal. Such analysis was more complex for Cambodia due to more regional variations. Notably,

aspects such as ethnicity, education, wealth, and age have more impact than gender in several of

the themes, indicating that a women-focus on empowerment and equality is insufficient in

understanding differences. Detailed results are included in Figs A through E in S1 Text.

For the Self-efficacy scale, criterion validity was assessed against the GSE-6 with Pearson’s r

values ranging from 0.54 for Cambodian women to 0.70 for Nepali women (p< 0.001). While

this does not indicate perfect agreement, it is in alignment with the hypothesized direction and

extent of statistically significant correlation.

5.3.2 Dyad pair agreement

Agreement between paired dyads related to household asset ownership and access to WASH

was analyzed using Pearson’s r for the Cambodian dataset. The data was not analyzed for Nepal

as dyad pair identification numbers were recorded as phone numbers in Nepal, which led to

incorrect coding of households without access to a phone number. This process has been

refined for the fifth phase of data collection. Household asset ownership as indicated through

wealth quintile showed high agreement between male and female dyad pairs (r = 0.72,

p< 0.001). Notably, the shortened Access to WASH theme was not aligned between women and

men–highlighting the importance of intrahousehold and individual measures of WASH access

(r = 0.3, p< 0.001). At the item level, toilet access was the most correlated (r = 0.42. p< 0.001),

however women identified that they have higher toilet access, likely due to the lack of toilets in

workplaces and fields for men working outside the home. Women who had less mobility were

more likely to have access to a household toilet when needed. Water conflict was the least statis-

tically correlated within dyads; women and men within dyad pairs did not agree whether there

was conflict in accessing drinking water (r = 0.11, p< 0.01). Dyad agreement on access to soap

was also poorly correlated with women indicating higher levels of soap access.

5.4 Scoring

In an effort to keep the WASH-GEM simple for future implementation, sample-based scoring

processes were not adopted, rather themes were either scored using a simple sum or weighted

sum approach. Thematic scores are displayed as scores between zero and one by gender and

country, with distributions represented in the boxplots of Fig 3. Comparing responses within

countries by gender, there were statistically significant differences in means in most of the

themes. The largest valid gender differences across both countries were seen in the Access to
WASH, Mobility, Collective Agency and Life Satisfaction themes, with women having signifi-

cantly lower scores than men.

6. Discussion

6.1 Summary and interpretation

Within the constraints of the validation study dataset, our analysis explored the structural and

conceptual validity, internal consistency, and measurement invariance of the testable
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Fig 3. Theme scores by country and gender with statistical significance (Significance levels: * p< 0.05, ** p< 0.01, *** p< 0.001).

https://doi.org/10.1371/journal.pwat.0000233.g003
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WASH-GEM themes. A summary interpretation is found in Table 5. All sixteen themes exhib-

ited construct validity as assessed through known-group analyses and the Self-efficacy theme

(only theme tested) showed good criterion validity. Nine themes (all which were testable)

exhibited structural validity as assessed though EFA and CFA and demonstrated configural

invariance. Two of these themes demonstrated scalar invariance by country and four also dem-

onstrated scalar invariance by gender. In sum, two of our measures perform very well (Mobil-
ity and Self-efficacy), seven of our measures perform well (Access to WASH, Decision Making in
WASH, Relative Autonomy, Collective Agency, Critical Consciousness, Gender Norms in WASH
and WASH Related Wellbeing), three perform well as two-item measures and require further

criterion validation (Social Capital and Life Satisfaction and Household Respect), and four mea-

sures require further strengthening (Control over Resources, Gender Norms, Mental Health and

Physical Health).
Based on our findings, only some of the measures indicate scalar invariance across both

gender and country–a result anticipated due to the strong contextual understanding of gender

equality and empowerment not only across geographies, but also between women and men.

While in our results we have presented gender comparisons for each of the themes, the mea-

surement invariance assessment indicates that the most valid gender comparisons are the Rela-
tive Autonomy, Self-efficacy, Critical Consciousness and Mobility themes. Country comparisons

are also most valid for Self-efficacy and Mobility. Nonetheless, we still recommend that teams

conduct gender and geographic comparisons for all the themes, noting that there is still value

in exploring differences in conceptualization even if statistically valid inferences are not possi-

ble. Lastly, for the measures initially conceptualized as indices (notably the four WASH related

themes), their measurement invariance is less of a concern as the tool was not necessarily

designed to achieve invariance.

6.2 Implications for research and practice

The WASH-GEM has been designed as a multi-purpose diagnostic and an evaluation tool to

be used across the WASH program cycle. In the WASH-GEM validation pilot, the tool was

Table 5. Summary interpretation for each measure, ordered by reliability and validity.

Measure Known-Groups Validity Internal Reliability Structural

Validity

Country Invariance Gender Invariance

1. Self-efficacy Yes Very High Yes Scalar Scalar

2. Mobility Yes Very High Yes Scalar Scalar

3. Critical Consciousness Yes Very High Yes Metric Scalar

4. Relative Autonomy Yes High Yes Configural Scalar

5. Access to WASH Yes Very High Yes Metric Metric (short)

6. WASH related Wellbeing Yes Very High Yes Configural Metric (short)

7. Gender Norms in WASH Yes Very High Yes Metric Configural

8. Decision Making in WASH Yes Very High Yes Configural Configural

9. Collective Agency Yes High Yes Configural Configural

10. Social Capital Yes Very High - - -

11. Life Satisfaction Yes High - - -

12. Household Respect Yes High - - -

13. Gender Norms Yes Very Low - - -

14. Control over Resources Yes Very Low - - -

15. Mental Health Yes Very Low - - -

16. Physical Health Yes n/a - - -

https://doi.org/10.1371/journal.pwat.0000233.t005
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used in a diagnostic, one-point-in time application, to explore gender dynamics in the differ-

ent themes, and the extent to which gender equality more broadly was correlated with equality

within the WASH sector in selected provinces in Cambodia and Nepal.

The 12 validated themes can be used individually or included in a wider summary of equal-

ity within the WASH-GEM. For the four non-validated themes (Gender Norms, Control over
Resources, Mental Health and Physical Health), future work can help to refine and strengthen

them, nonetheless they remain useful components in visualizing a gender equality context for

programs and interventions. Importantly, seven of the validated themes from the Beyond-

WASH part of the tool may be useful for other programmatic measurement outside of the

WASH sector. These include Social Capital, Self-efficacy, Collective Agency, Critical Conscious-
ness, Mobility, and Life Satisfaction.

While other tools do exist for some of our validated themes, some were purposely not

included in the validation phase of this research due to practical (length or poor performance

during cognitive interviews) or ethical reasons, others were not identified during our initial

scoping. It is important to note that the WASH-GEM was initially conceptualized as an index

and as such the integration of existing tools was less of a priority during the scoping stage.

Only once the validation pilot was completed, was it clear that the best approach would be a

collection of thematic measures rather than a single index.

In the next iteration of the project, we anticipate comparing our validated WASH-GEM

themes with further existing tools (such as the Community Social Capital (CSC-6) [63] mea-

sure, Satisfaction with Life Scale (SWLS-5) [64] and Freedom of Movement Index [65]) that

were not excluded in the initial rapid piloting and cognitive interviews. Additionally, the areas

of the WASH-GEM which were not validated in this study require further refinement includ-

ing Control over Resources, Gender Norms, Mental Health and Physical Health. A subsequent

iteration of the Gender Norms measure in Phase 5 (forthcoming) has already showed strong

internal consistency and structural validity. To re-design the other three themes, the team will

need to go back to the piloting stage and review other existing tools and items that show prom-

ise from other work. Lastly, we will continue to explore opportunities to add additional vali-

dated tools to the WASH-GEM toolbox. Ultimately the WASH-GEM aims to be a set of

measurement tools curated for WASH practitioners to explore the impact of improved WASH

on gender equality at home and in the community.

Now to several cautions. Gender equality is a complex and dynamic phenomenon and only

some aspects will be captured in any quantitative tool. The WASH-GEM has also highlighted

that inequalities are not limited to gender, but are intersectional. Our data suggests that men

also experience disempowerment related to social standing, ethnicity, religion, caste, and

financial standing. As such we cannot recommend comparisons based on gender with a start-

ing assumption that men have higher levels of equality and empowerment.

These complexities can lead to misapplication and misuse, which need to be managed.

However risks are a companion to the benefits of having new quantitative insights, rather than

a problem that can be eliminated. Given the limitations of what can be understood through a

quantitative approach, we anticipate the tool’s application as part of a suite of methodological

approaches, including qualitative approaches to understand gender equality dynamics. We dis-

courage its stand-alone use. In addition, we have developed procedures to be used in conjunc-

tion with the tool. These include training modules on the use of the WASH-GEM to support

planning, data collection, analysis, and sensemaking processes to bring the measure’s use from

a potentially extractive process to a transformative one. Our pilots in Cambodia and Nepal

have also highlighted transformative outcomes for the teams in applying the WASH-GEM in

their programs. This has been articulated by one team member in Cambodia as ‘the learning
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value’ for the teams deploying the WASH-GEM, due to the type of thinking these questions

and concepts provoke.

The tool presented in this paper is one iteration of an evolving measurement approach, and as

such there are a variety of opportunities to interrogate and further strengthen the WASH-GEM. As

a program evaluation tool, there is scope to test the measure with comparative base- and end-line

responses from a program catchment. From a measure validity perspective, test-retest reliability,

enumerator ‘inter-rater’ reliability, and further context explorations of measurement invariance

remain important to further refine and strengthen the tool. Lastly, additional data has been collected

as part of Phase 5 in three more study countries (Bhutan, Laos, Ghana) and a second round of data

collection has been conducted in both Cambodia and Nepal. This paper focuses on the validation

data set from Phase 4, but additional analysis and piloting would help to explore the WASH-GEM’s

relevance and empirical validity in other geographic, programmatic, and social contexts.

7. Conclusions

Building on conceptual and practical foundations of the WASH-GEM’s development, this arti-

cle evaluated the empirical validity of the WASH-GEM’s themes with a validation dataset from

Cambodia and Nepal. Twelve of the themes have been validated and are recommended for use

as individual measures in WASH programs, of which seven are appropriate for non-WASH

contexts. For the four non-validated themes, their inclusion within the WASH-GEM is still

valuable to provide insight into a wider conceptual framework of (gender) equality building

on the capability approach. This novel approach to investigate the gender-transformative

potential of WASH interventions is only an iteration and future studies will aim to strengthen

the conceptual, evaluative, and practical considerations of the tool.

Notably, the team began from a conceptual foundation followed by analysis of the measure’s

empirical validity–in other words, we navigated and sought an appropriate balance between con-

ceptual rigor and empirical validity. As such, items were not selected to ensure the most robust

empirical model, but rather crafted to provide the most value for program teams based on a con-

ceptually defensible model of gender equality as relevant for WASH. Most importantly, this work

does not seek to supplant other gender and WASH measurement initiatives, rather to expand the

sector’s toolbox in the pursuit of tools and practices to explore, diagnose and evaluate change.
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the General Self-Efficacy Scale (GSE-6): Development, psychometric properties and validity in an inter-

cultural non-clinical sample and a sample of patients at risk for heart failure. Psychosoc Med. 2013; 10:

Doc01. https://doi.org/10.3205/psm000091 PMID: 23429426

51. Vaz A, Pratley P, Alkire S. Measuring women’s autonomy in Chad using the Relative Autonomy Index.

Fem Econ. 2016; 22: 264–294. https://doi.org/10.1080/13545701.2015.1108991

PLOS WATER Validity and internal reliability of the WASH-GEM

PLOS Water | https://doi.org/10.1371/journal.pwat.0000233 October 17, 2024 23 / 24

https://www.ircwash.org/sites/default/files/202.1-85PA-2977.pdf
https://www.ircwash.org/sites/default/files/202.1-85PA-2977.pdf
https://doi.org/10.1080/13552074.2017.1331541
https://doi.org/10.1111/1467-7660.00125
https://doi.org/10.1371/journal.pwat.0000026
https://doi.org/10.3362/1756-3488.2013.033
https://doi.org/10.3362/1756-3488.2013.033
http://www.genderinpacificwash.info
http://www.genderinpacificwash.info
https://doi.org/10.1016/j.wsif.2022.102563
https://doi.org/10.1017/CBO9780511841286
https://doi.org/10.1016/j.worlddev.2019.06.018
http://www.ncbi.nlm.nih.gov/pubmed/31582871
https://iris.who.int/handle/10665/61113
https://iris.who.int/handle/10665/61113
https://doi.org/10.1037//0022-3514.69.4.719
http://www.ncbi.nlm.nih.gov/pubmed/7473027
https://doi.org/10.1002/hec.4730020305
http://www.ncbi.nlm.nih.gov/pubmed/8275167
https://doi.org/10.1177/0044118X14538289
https://doi.org/10.1126/science.aad9682
http://www.ncbi.nlm.nih.gov/pubmed/27174981
https://doi.org/10.1016/j.worlddev.2018.02.002
https://doi.org/10.1016/j.worlddev.2018.02.002
https://dhsprogram.com/publications/publication-cr20-comparative-reports.cfm
https://doi.org/10.1136/bmjgh-2021-006460
http://www.ncbi.nlm.nih.gov/pubmed/34615660
https://doi.org/10.3205/psm000091
http://www.ncbi.nlm.nih.gov/pubmed/23429426
https://doi.org/10.1080/13545701.2015.1108991
https://doi.org/10.1371/journal.pwat.0000233


52. Lombardini S, Bowman K, Garwood R. A ‘how to’ guide to measuring women’s empowerment. Oxfam

GB; 2017. https://doi.org/10.21201/2017.9750

53. Petesch P, Bullock R. Ladder of power and freedom: A qualitative data collection tool to understand

local perceptions of agency and decision-making. CDMX, Mexico: CIMMYT; 2018. Available from:

https://hdl.handle.net/10568/92128

54. Tapal A, Oren E, Dar R, Eitam B. The sense of agency scale: A measure of consciously perceived con-

trol over one’s mind, body, and the immediate environment. Front Psychol. 2017; 8: 1–11. https://doi.

org/10.3389/fpsyg.2017.00001 PMID: 28197108

55. Boateng GO, Neilands TB, Frongillo EA, Melgar-Quiñonez HR, Young SL. Best practices for developing

and validating scales for health, social, and behavioral research: A primer. Front Public Health. 2018; 6:

1–18. https://doi.org/10.3389/fpubh.2018.00001 PMID: 29404319

56. van de Schoot R, Lugtig P, Hox J. A checklist for testing measurement invariance. Eur J Dev Psychol.

2012; 9: 486–492. https://doi.org/10.1080/17405629.2012.686740

57. Rodriguez A, Reise SP, Haviland MG. Evaluating bifactor models: Calculating and interpreting statisti-

cal indices. Psychol Methods. 2016; 21: 137–150. https://doi.org/10.1037/met0000045 PMID:

26523435

58. Flora DB. Your coefficient alpha is probably wrong, but which coefficient omega is right? A tutorial on

using R to obtain better reliability estimates. Adv Methods Pract Psychol Sci. 2020; 3: 484–501. https://

doi.org/10.1177/2515245920951747

59. Eisinga R, Te Grotenhuis M, Pelzer B. The reliability of a two-item scale: Pearson, Cronbach, or Spear-

man-Brown? Int J Public Health. 2013; 58: 637–642. https://doi.org/10.1007/s00038-012-0416-3 PMID:

23089674

60. Peters G-JY. The alpha and the omega of scale reliability and validity. The European Health Psycholo-

gist. 2014; 16: 56–69. Available from: https://www.ehps.net/ehp/index.php/contents/article/view/ehp.

v16.i2.p56

61. Rodriguez A, Reise SP, Haviland MG. Applying bifactor statistical indices in the evaluation of psycho-

logical measures. J Pers Assess. 2016; 98: 223–237. https://doi.org/10.1080/00223891.2015.1089249

PMID: 26514921

62. Widaman KF, Revelle W. Thinking thrice about sum scores, and then some more about measurement

and analysis. Behav Res Methods. 2023; 55: 788–806. https://doi.org/10.3758/s13428-022-01849-w

PMID: 35469086

63. Paek H-J, Lee B, Salmon CT, Witte K. The contextual effects of gender norms, communication, and

social capital on family planning behaviors in Uganda: A multilevel approach. Health Educ Behav. 2006;

35: 461–477. https://doi.org/10.1177/1090198106296769 PMID: 17513691

64. Diener E, Emmons RA, Larsen RJ, Griffin S. The Satisfaction With Life Scale. J Pers Assess. 1985; 49:

71–75. https://doi.org/10.1207/s15327752jpa4901_13 PMID: 16367493

65. Bloom SS, Wypij D, Das Gupta M. Dimensions of women’s autonomy and the influence on maternal

health care utilization in a North Indian city. Demography. 2001; 38: 67–78. https://doi.org/10.1353/

dem.2001.0001 PMID: 11227846

PLOS WATER Validity and internal reliability of the WASH-GEM

PLOS Water | https://doi.org/10.1371/journal.pwat.0000233 October 17, 2024 24 / 24

https://doi.org/10.21201/2017.9750
https://hdl.handle.net/10568/92128
https://doi.org/10.3389/fpsyg.2017.00001
https://doi.org/10.3389/fpsyg.2017.00001
http://www.ncbi.nlm.nih.gov/pubmed/28197108
https://doi.org/10.3389/fpubh.2018.00001
http://www.ncbi.nlm.nih.gov/pubmed/29404319
https://doi.org/10.1080/17405629.2012.686740
https://doi.org/10.1037/met0000045
http://www.ncbi.nlm.nih.gov/pubmed/26523435
https://doi.org/10.1177/2515245920951747
https://doi.org/10.1177/2515245920951747
https://doi.org/10.1007/s00038-012-0416-3
http://www.ncbi.nlm.nih.gov/pubmed/23089674
https://www.ehps.net/ehp/index.php/contents/article/view/ehp.v16.i2.p56
https://www.ehps.net/ehp/index.php/contents/article/view/ehp.v16.i2.p56
https://doi.org/10.1080/00223891.2015.1089249
http://www.ncbi.nlm.nih.gov/pubmed/26514921
https://doi.org/10.3758/s13428-022-01849-w
http://www.ncbi.nlm.nih.gov/pubmed/35469086
https://doi.org/10.1177/1090198106296769
http://www.ncbi.nlm.nih.gov/pubmed/17513691
https://doi.org/10.1207/s15327752jpa4901%5F13
http://www.ncbi.nlm.nih.gov/pubmed/16367493
https://doi.org/10.1353/dem.2001.0001
https://doi.org/10.1353/dem.2001.0001
http://www.ncbi.nlm.nih.gov/pubmed/11227846
https://doi.org/10.1371/journal.pwat.0000233

