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ABSTRACT
It has become commonplace in international development to intervene upon communities with
interventions that require collective action without first gauging the communities’ perceptions
regarding their ability and autonomy to engender and maintain change. Programmes and
research studies employing community-based interventions often overlook important
interpersonal behavioural factors that may well affect uptake and effectiveness. Social
constructs such as collective efficacy, social capital, social cohesion, and social norms are
important interpersonal behavioural factors and predictors of collective action, which may be
needed to realise downstream health and development impacts.
This doctoral thesis examined the conceptualisations of various social constructs and their
theoretical underpinnings. Theoretical examinations were used to establish hypotheses
regarding the underlying structure of collective efficacy (CE). A factor analytic approach was
used to develop four CE measurement scales from data collected in Odisha, India and Amhara,
Ethiopia to empirically test these hypotheses. The India CE scale was subsequently used to
ascertain whether there were independent associations between CE-factors and the uptake and
influence of a community-based water supply and sanitation intervention.
Compared to controls, intervention households had higher CE factor scores for village
leadership (β=0.16, 95% CI: 0.08, 0.25) and agency (β=0.08, 95% CI: 0.01, 0.15), and lower scores
for social disorder, conditional on education. Prevalence of improved WASH behaviours was
associated with CE factors: improved water piped on-premise was associated with village
leadership (aPR=2.25, 95% CI: 1.12, 4.53); improved on-site toilets with social disorder
(aPR=0.90, 95% CI: 0.84, 0.97); enclosed bathing rooms with social response (aPR=1.12, 95% CI:
1.02, 1.23); and utilisation of improved sanitation facilities by all family members with agency
(aPR=1.17, 95% CI: 1.00, 1.37) and village leadership (aPR=3.86, 95% CI: 1.67, 8.97). Agency,
social response, and social disorder factors were associated with nutritional outcomes.
Implications for enhanced intervention design, targeting, and evaluation are discussed
throughout.
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PROLOGUE

Chapter 1: Introduction and background
1.1

Thesis introduction

This doctoral thesis examines the conceptualisation and attributes of several social constructs
that social, behavioural, and behaviour change theories suggest are antecedents of cooperative
behaviour and collective action. While various social constructs are considered, the thesis
focuses on collective efficacy (CE), and builds a case for its utility in examinations of behavioural
factors influencing the uptake of community-based interventions predicated on collective
action.
Theoretical underpinnings of social constructs were examined in order to inform
implementation science research that was conducted with the intension of providing
recommendations for improving public health and development practice. While much of the
work presented herein is specific to water, sanitation, and hygiene (WASH) interventions,
related findings can be extended to any community-based programme or intervention that
requires cooperative behaviour or collective action. This thesis research was conducted under
the auspices of two separate evaluations of WASH interventions in India and Ethiopia. Findings
from these studies have important implications for programme and policy, and
recommendations regarding intelligent intervention design, targeting, and evaluation are
presented.

1.2

Chapter overview

This chapter presents general information related to the origin, rationale, aims, and objectives
of this thesis research. The chapter also provides information regarding the candidate’s
contributions. The chapter ends with an overview of the content of subsequent sections and
chapters.

1.3

Origin of doctoral thesis research and problem addressed

In early 2015, my supervisor approached me about a study he was planning in India that would
evaluate the effectiveness of a promising intervention that leverages a communal good – a

10

village-level water distribution system that is piped into each household via three taps – to
ensure village-wide saturation of improved, on-site household sanitation facilities coverage and
utilisation. This programming approach was unique in that it focused on collective action, and
seemed to be fully interrupting the setting in which open defecation typically occurs in India –
off-site water sources that allow for post-defecation ritual cleansing and menstrual hygiene
management. Given the implementing organisation’s village engagement and enrollment
approach (outlined in Chapters 3 and 5), he and the programme administrators were interested
in trying to assess social cohesion in programme villages, and investigating whether this might
influence intervention effectiveness.
1.3.1

What: Selecting an appropriate social construct for the task at hand

I spent the subsequent months exploring various social constructs and building a case for how
collective efficacy would be appropriate to investigate given the nature of the construct and
how ubiquitous it is in social psychology and behaviour change theory. I felt strongly that it was
important to focus the investigation on CE as opposed to other social constructs given the
theoretical and empirical evidence base that indicates CE shapes a group’s decision to set and
pursue common goals [1, 2], which influences performance and collective action. Evidence also
suggests that this social construct is predictive of group performance, including the amount of
effort a group or collective will spend working toward communal goals and the level of
persistence they will expend in doing so when group efforts fail to produce the desired results
[2, 3]. Conscious goals are important to consider when assessing factors influencing collective
action given they are known to affect action [4-6]. Not incorporating CE in examinations of
collective action could therefore result in the oversight of these factors and their influence on
targeted behavioural outcomes. While this thesis focuses on CE, it considers concepts related
to social capital and social cohesion as related influencers of collective action and cooperative
behaviour.
Social cohesion, while a seemingly important factor, may not necessarily translate to collective
action or cooperative behaviour, especially if other psychosocial, contextual, and technological
factors prevent a collective (e.g., a village, community group) from setting or pursuing
communal goals. Similarly, while social capital plays an important role in behavioural control
perceptions, examining cognitive and structural aspects of capital without considering aspects
of informal social control and social cohesion may result in an incomplete assessment of the
behavioural antecedents of collective action. As indicated in relevant literature, focusing on
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social cohesion or social capital alone may provide necessary yet insufficient examination of the
mechanisms through which cooperative behaviour and collective action are facilitated [7, 8].
1.3.2

How: Measuring latent social constructs: Positivist versus interpretivist perspectives

It is not possible to observe or measure CE directly because it is a latent construct [9]. A positivist
approach, however, posits that certain latent aspects of society, such as CE, can be studied by
leveraging scientific evidence to reveal the nature of how things work [10]. Such an approach
utilises scientific theory and methods to produce quantitative measures of latent constructs in
a manner that allows researchers to explore the relationships between those latent constructs
and their constituent components (i.e., sub-constructs – e.g., construct domains, dimensions,
facets). With the proper study design, a positivist approach also permits the examination of the
causal relationships between latent constructs and important behavioural outcomes and health
impacts.
Some, particularly interpretivists, may argue that the scientific method cannot generate an
accurate portrayal of the social realm. Here, I will neither argue against the benefits, nor
highlight the limitations of pursuing other, non-positivist epistemological approaches to
examining social constructs [11]. However, I suggest that through the use of widely accepted
scientific and analytical methodologies, a positivist approach that incorporates formative
qualitative research activities can be employed to generate meaningful information that
advances general understanding about CE and its constituent sub-constructs. Such information
can be used to further inform programme and policy.
1.3.3

Why: Assessing relationships between social constructs, behavioural outcomes,
downstream health & development impacts

To date, the public health community in general, and WASH sector more specifically have not
readily incorporated assessments of CE into the design, targeting, and evaluation of
interventions [12]. From a theoretical standpoint, and as evidenced in other sectors, CE is an
important antecedent of collective action [13]. Therefore, it was hypothesised that overlooking
or underestimating CE’s role as a factor of collective uptake of community-based interventions
may result in the attenuation of behavioural adoption and downstream health and
development impacts. The work presented in this thesis tests this and other related hypotheses.
Findings presented herein may help address knowledge gaps and provide information that can
be used to improve community-based programmes.
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1.3.4

So what: Implications for the design, targeting, and evaluation of community-based
programmes

The overarching goal of this doctoral research was to produce evidence-based
recommendations to strengthen community-based programmes. As a result, the findings
reflected in this thesis highlight implications for the design, targeting, and evaluation of
community-based programme interventions, particularly those that are predicated on
collective action.

1.4

Candidate’s contributions to the thesis research and how they advance
knowledge of the subject

As is typical with much public health research, this thesis research involved a team of individuals
contributing toward its overarching goal. This thesis was supervised by Dr. Thomas Clasen at
LSHTM. Dr. Matthew Freeman from Emory University is the Principal Investigator of the
Ethiopia trial presented herein. He provided additional supervisory support. Funding for the
research was provided by the Bill & Melinda Gates Foundation and The World Bank Group’s
Strategic Impact Evaluation Fund. My colleague, Gloria Sclar, a Public Health Research Associate
at Emory University, provided technical assistance on the qualitative aspects of the formative
work in India and Ethiopia, and the design of the intervention developed for the clusterrandomised control trial (RCT) in Ethiopia. She also provided her own contributions to the
development of our hypothesised CE framework – this was a joint effort. The genesis of the
RCT’s intervention was a collaborative effort, with important contributions provided by Siraj
Mohammad, Mulat Woreta, Kassahun Zewudie, and Resom Berhe from the Emory Ethiopia
Bahir Dar regional office. Efforts provided by our cadre of facilitators, field supervisors, and data
collection team were critical to the execution of this work. Given my involvement in the design,
management, and writing up of the study proposal, field protocols, baseline and midline
reports, intervention design content, and other programme-related documents, some of the
text I present herein is reflected in related study documents.
While this work reflects a collaborative effort from many individuals, I led the intellectual
inquiry, from determining which social construct should be investigated and managing the
technical direction of the formative research to the design of the two collective efficacy studies
highlighted herein, and the analysis of the resulting data. I conceived of the research, created
the research questions related to each inquiry, developed all field protocols and tools, and
trained enumerators. Feedback was sought and received from other team members, and final

13

versions of protocols and study tools reflect inputs from several individuals. I managed and led
the collective efficacy studies.
Aside from designing and managing the collective efficacy and costing sub-studies in India, I did
not contribute to the overarching study design or household survey instruments related to the
matched cohort study. However, I was heavily involved in the design and management of the
cluster-randomised control trial in Ethiopia. The Principal Investigator and I designed the RCT, I
developed all field protocols, and worked with the above-mentioned team members to design
the intervention being evaluated in the RCT.
This thesis research contributes to existing knowledge in several ways. First, Research Paper 1
provides information and recommendations for the selection of appropriate social constructs,
and their incorporation into the design, targeting, and evaluation of community-based
interventions. Second, only a few psychometric analyses of CE have been carried out, and to my
knowledge, none of these has used data obtained from low literate, rural populations from lowand middle-income countries. In addition to generating four CE scales (three in Ethiopia, one in
India), our full CE surveys will be published. Any of these tools can be adapted and deployed for
future assessments of CE. Finally, no known studies have thoroughly examined independent
associations between empirically-derived CE factors and the uptake and influence of WASH
interventions. Discussion of the implications of the results of this thesis work for improved
design, targeting, and evaluation of community-based interventions is provided throughout.
I am the first author of the three research papers presented in this thesis. One paper has been
published in a peer-reviewed journal; the other two papers have been prepared for submission
to peer-reviewed journals. A cover sheet that includes details regarding the role I played in the
development and execution of the work proceeds each research paper included herein.

1.5

Thesis purpose, aims, and objectives

The purpose of this doctoral thesis was to further elucidate how, why, and when various social
constructs should be assessed to improve the design, targeting, and evaluation of communitybased interventions. The thesis aimed to specifically examine collective efficacy, and determine
whether evidence suggests it is associated with collective WASH behaviours and improved
WASH practices. This body of work encompassed several specific objectives, each with its own
set of research questions. To facilitate navigation through this thesis, Table 1.1 summarises each
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research objective, along with the related research questions, and indicates where in the thesis
these items are addressed.
Table 1.1 Thesis objectives and research questions

Objective

Related research questions (RQs)
RQ1.

To examine conceptualisations of
various social constructs and their
underpinnings in behaviour and
behaviour change theory to elucidate
when and why various social
constructs should be assessed to
inform the design, targeting, and
evaluation of community-based
interventions

To elucidate the underlying structure
of CE through the development,
refinement, and validation of CE
measurement metrics

To investigate the relationship
between CE and intervention uptake,
influence, and sustainability of
improved WASH behaviours

1.6

How are various social constructs
conceptualised, what are the underlying
theoretical foundations of each, and how
do they relate to proposed causal
mechanisms of behaviour and behaviour
change?
RQ2. Which social constructs should be employed
to assess the effect of socially-influenced
change mechanisms on the uptake,
influence,
and
sustainability
of
community-based interventions?
RQ3. What are the advantages and limitations of
various social constructs?
RQ1. Which sub-constructs (e.g., constituent
domains, factors/dimensions, and facets)
are salient for measuring CE?
RQ2. Are the psychometric characteristics of the
resulting CE measurement models
compelling in terms of their ability to
demonstrate construct validity, or the
degree to which the scale measures what
it purports to measure?
RQ3. Are there important differences in the
measurement of CE between men and
women; individuals/households with
leadership status vs. those without?
RQ1-3. (see RQ1-3 above)
RQ4. Is there evidence of an association between
CE factor scores and uptake of a communitybased water supply and sanitation intervention
(various indicators along the causal chain –
behavioural outcomes, child nutritional status)?

Thesis
chapters

Chapter 2:
Research Paper 1

Chapter 4:
Research Paper2
- Ethiopia scales
Chapter 5:
Research Paper 3
- India scale

Chapter 5:
Research Paper 3

Thesis structure

This thesis contains seven chapters organised into several sections. The document commences
with a Prologue that presents an introduction to the thesis and provides background
information. The main body of the thesis is divided into three sub-sections, with research
findings presented as three separate research papers. Discussion, reflections, and conclusions
related to the overarching thesis is provided in the Epilogue. A summary of the specific content
of each section is provided below.
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PROLOGUE
Front content related to the thesis is presented in the Prologue. This section is comprised of
Chapter 1, which introduces the thesis and provides background information. The origin of the
thesis and its specific aims and objectives are presented herein.
PART I: SOCIALLY-INFLUENCED BEHAVIOURAL ANTECEDENT CONSTRUCTS
The first part of the thesis provides an overview of various socially-influenced latent constructs
that represent antecedents of improved behaviours. Chapter 2 provides a theoretical overview
of social constructs as mechanisms of behaviour change. This chapter lays the foundation for
the social constructs that are discussed throughout the thesis, and highlights knowledge and
evidence gaps related to collective efficacy. This chapter contains the manuscript for Research
Paper 1, which synthesises information from behaviour and behaviour change theory to
summarise attributes related to various social constructs. A case is made for better
incorporation of collective efficacy measurement to inform the design, targeting, and
evaluation of community-based programmes.
PART II: PSYCHOMETRIC & COGNTIVE VALIDATION OF COLLECTIVE EFFICACY SCALES
The second part of the thesis focuses on the development, refinement, and validation of locally
adapted collective efficacy scales. Chapter 3 provides a summary of the research contexts and
study designs of the overarching, anchor studies in which this collective efficacy research was
conducted. This chapter also summarises how an iterative approach was used, to leverage
learning from the first collective efficacy inquiry carried out in India to inform further
refinements for similar work carried out in Ethiopia. Chapter 4 provides a summary of the fivestep scale development, refinement, and validation process that was used to construct all
collective efficacy measurement scales, and provides details and justification for the
methodological decisions made in the conduct of the psychometric analyses. This chapter
contains Research Paper 2, which provides a detailed account of collective efficacy scale
development, highlighting work conducted in Ethiopia.
PART III: COLLECTIVE EFFICACY & THE UPTAKE & INFLUENCE OF A COMMUNITY-BASED
WASH PROGRAMME
The third part of the thesis demonstrates how the collective efficacy scale developed for the
rural Odisha, India context was employed to examine evidence of independent associations
between collective efficacy-related factors and behavioural and nutritional outcomes. Chapter
5 provides information related to behavioural and nutritional outcomes observed through the
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evaluation of the intervention. This chapter contains the manuscript for Research Paper 3,
which presents results regarding evidence of associations between collective efficacy factors,
and the uptake of a community-based water supply and sanitation intervention, and improved
WASH behaviours more generally.
EPILOGUE
The thesis concludes with a reflection of the results emerging from this body of work. Chapter
6 contains a discussion that explores how these findings corroborate existing evidence, yet
provide unique contributions challenging the progression of the social constructs agenda. This
discussion focuses heavily on programme implications related to the employment of collective
efficacy measurement to inform the design, targeting, and evaluation of community-based
interventions, especially those predicated on collective action. This chapter also reviews the
limitations of the research. Chapter 7 contains summarised conclusions and additional
recommendations for research and practice.
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PART I: SOCIALLY-INFLUENCED BEHAVIOURAL ANTECEDENT CONSTRUCTS

Chapter 2: Summary of social constructs: Implications for public health and
development practice
2.1

Chapter overview

In order to determine which social constructs should be considered and employed for intervention
design, targeting, and evaluation, it is important to understand the attributes of each. This chapter
examines the conceptualisations of various social constructs, their unique attributes, and their
underpinnings in behaviour and behaviour change theory.

2.2

Framing of research questions

To date, the WASH sector continues to overlook some key psychosocial influencers of behavioural
change and maintenance by largely examining and addressing individual and household-level
behavioural factors. Community-level, or interpersonal factors may be stronger influencers of
action at collective levels, the levels at which change may be required to realise health gains [1-3].
Therefore, Research Paper 1 explores the nature of various social constructs through the mapping
of each construct’s respective conceptualisation, including its domains and dimensions. This was
done in order to identify gaps, outline construct attributes, and make recommendations for which
constructs are the most appropriate to employ when evaluating the effectiveness of communitybased interventions and the performance of development programmes.
2.2.1

Research Paper 1 objective

The objective of this research was to further elucidate how, why, and when various social construct
metrics should be employed to evaluate community-based interventions. Related findings will
provide information regarding construct characteristics that can guide programme implementers
and researchers in selecting appropriate constructs for intervention design and evaluation.
2.2.2

Research questions

The following research questions were investigated:
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RQ1. How are various social constructs conceptualised, what are the underlying theoretical
foundations of each, and how do they relate to proposed causal mechanisms of behaviour
and behaviour change?
RQ2. Which social constructs should be employed to assess the effect of socially-influenced
change mechanisms on uptake, effectiveness, and sustainability of community-based
interventions?
RQ3. What are the advantages, challenges, and limitations of various social constructs?

2.3

Collective behaviours and practices: Cooperative behaviour and collective action

Throughout this thesis, collective behaviours and practices such as collective action are noted as
key behavioural outcomes of interest. These behavioural outcomes reflect interactions between
individuals seeking to achieve a communal goal or common-pool resource, and are therefore
relevant to an array of public health and development programming. Collective action is necessary
for the uptake of different types of community-based interventions, from those promoting disaster
risk reduction [4] to mass drug administration, installation and maintenance of communal water
points [5], and improved sanitation practices [6].
Coordinated efforts, such as those reflected through cooperative behaviour and collective action,
require a group to work to achieve or obtain a communal goal or resource. Therefore, it is important
to consider the myriad factors contributing toward these behavioural outcomes, including
perceptions regarding the group’s perceived ability and autonomy to set, pursue, and achieve the
communal goal or obtain and maintain the common-pool resource (i.e., collective efficacy).

2.4

Additional notes regarding social, behavioural, & behaviour change theories

There are several different types of social, behavioural, and behaviour change theories represented
in the literature. One dichotomy worth noting is that of explanatory, or behavioural versus change
theories. Explanatory or behavioural theories are often linear in nature, and as their name indicates,
they serve to explain, through numerous influencing factors or predictors, why behaviours occur
[7]. Conversely, change theories tend to be more cyclical, as they portray dynamic processes of
change, which may reflect intricate interactions between various influencing factors [7, 8]. It is
important to understand the distinction between explanatory and change theories in order to know
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which type is appropriate for use, given the task at hand. For example, an explanatory theory is
useful and appropriate for helping to synthesise findings from formative work, to identify barriers
or facilitators of change. However, these theories would not be appropriate, on their own, to inform
the design an intervention that seeks to both identify mechanisms of action and address
antecedents of behaviour.
Another dichotomy of note is that of stage theories versus predictive theories. The central focus of
stage theories is the stages through which an individual or group must move, over time, in order
for change to occur. Predictive theories focus on identifying factors and causal pathways,
irrespective of time, that influence the likelihood of performance or non-performance of a given
behaviour or practice [9]. Critiques of both types of theories have been put forward. Predictive
theories are more comprehensive than stage theories with regard to the various factors,
determinants, and pathways of change that are considered, and some perceive them as more
transferrable to and meaningful for intervention design and evaluation [9]. While these types of
theories represent two different schools of thought, integrated theories that consider aspects
related to both do exist.
Research Paper 1 does not discriminate against any specific type of theory, as I propose they
operate in concert with, rather than independently of each other. Given the theoretical nuances
and potential implications for intervention design and evaluation, type of theory was examined
rather than restricted.

2.5

Collective efficacy and other social constructs as interpersonal factors influencing
collective behaviours

2.5.1 Preamble to Research Paper 1
Research Paper 1 examines pertinent socially-influenced constructs that are predictors of collective
action. Conceptualisations of these constructs are summarised, and the theoretical foundations of
each are highlighted. Resulting information is synthesised to describe how each construct relates
to proposed causal mechanisms of behaviour and behavioural change. Recommendations are set
forth for the incorporation of social constructs in public health and development work that employs
community-based interventions, as indicated by a synthesis of the constructs’ attributes.
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ABSTRACT
Trials of certain community-based interventions, particularly those related to water, air quality,
sanitation, and hygiene (WASH), have failed to demonstrate positive health and development gains.
However, most of these studies have not incorporated certain social constructs into the design,
targeting, or diagnostic assessments of the interventions under evaluation. When they have been
incorporated, the scope of the selected constructs has been limited, and has not always aligned
well with the attributes requiring examination. Improving upon the selection and inclusion of social
constructs into community-based programmes and interventions will allow for further examination
of the specific pathways that either drive or impede behaviour change and sustained adoption of
improved behaviours and practices. This article summarises concepts related to several social
constructs commonly identified as theoretically-grounded and evidence-based predictors of
behaviour and behaviour change, and provides guidance for their inclusion in the design, targeting,
and evaluation of community-based behaviour interventions. Constructs such as collective efficacy,
social capital, social cohesion, and social norms are examined. An emphasis was placed on the
discussion of efficacy-related constructs, as efficacy appraisals are major determinants of goal
setting, task choice, and willingness to expend effort and resolve during task or goal pursuit.
Synthesised findings are presented in a social constructs framework that highlights each construct’s
unique attributes and contribution, along with information regarding when and why the constructs
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should be considered. Nuances related to motivational concepts of efficacy, behavioural control,
locus of control, and agency are explored, and a case is made for better integration of collective
efficacy as a behavioural antecedent of collective action to be considered. While the findings of this
paper can be used to enhance community-based development programmes, at large, we examine
these social constructs and their constituent components through a public health lens, with a
specific focus on community-based WASH interventions.

1. Introduction
Impact evaluations of some community-based interventions have yielded lower than expected
behavioural outcomes and health and development gains [10, 11]. However, when interpreting
these findings, it is important to note the intervention content, implementation approaches, and
intervention techniques that were employed, along with how the intervention was targeted and
evaluated. Programmes and research studies employing these community-based interventions
often overlook important interpersonal behavioural factors that may well affect the uptake and
effectiveness of such interventions. Social constructs such as collective efficacy, social capital, social
cohesion, and social norms are important factors contributing to collective action [12-14], which is
often needed to bring about downstream health and development impacts. Underestimating or
overlooking these behavioural factors promotes a “black box” mentality that supports
oversimplified conceptualisations of causal chains. Failing to unpack these issues and collect data
on critical mechanisms through which sustained behavioural adoption occurs prevents a more
thorough examination of the behavioural antecedents of cooperative behaviour and collective
action. Such investigations may be needed to help explain why community-based interventions are
not bringing about desired, yet plausible health and development impacts.
Within the water, sanitation, and hygiene (WASH) sector specifically, the scope and extent to which
social constructs have been incorporated into programmes design and evaluation is somewhat
limited. For instance, social capital is often employed exclusively to examine interpersonal factors
contributing to collective action [5, 15, 16]. This occurs despite conclusions that have been made
and widely disseminated by theorists and practitioners that social capital is necessary, but
insufficient for investigating factors driving collective action [15, 17].
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Collective efficacy, social cohesion, social capital, and social norms are all latent social constructs
hypothesised to influence the uptake, effectiveness, and sustainability of interventions, particularly
those contingent upon collective action. Empirical evidence and behavioural theories support the
plausibility of these hypotheses. For example, evidence suggests that communities high in social
construct measures, such as social capital, witness higher uptake of WASH interventions, and
consequently, related health benefits [5, 6, 15, 18]. Evidence also suggests that the influence of
collective action is far-reaching, as it enables communities to achieve not only sanitation-related
goals, but also attainment of other basic services [19]. However, a more nuanced understanding of
‘community’ and the role various social constructs play in the success of community-based
interventions is needed [20] in order to determine causal mechanisms of improved WASH
behaviours and related health impacts.
In the behavioural sciences literature, there are differing views regarding both the
conceptualisations of social constructs (i.e., phenomena used to describe and predict them), and
how these constructs and constituent sub-constructs are related. There are also differing views
regarding when and how to employ social constructs to examine factors related to cooperative
behaviour and collective action. Regardless of how social constructs are defined, the idea that they
mediate and moderate collective action and the success of community-based interventions is
supported by theory and evidence [12, 14, 15], and is broadly acknowledged in practice. However,
sound guidance regarding the appropriate employment of these social constructs in the context of
community-based programming is deficient. Information that is currently available often focuses
on the use of specific constructs, across all contexts, without regard to construct-specific attributes
and underlying causal mechanisms suggested by behavioural change theories and empirical testing
thereof. Selecting appropriate social constructs that match the specific need of a programme or
intervention will allow for further examination of the specific interpersonal factors that either drive
or impede behaviour change and sustained adoption of improved behaviours and practices. More
nuanced examinations into these specific factors that serve to catalyse and maintain change can
help pinpoint the pathways through which change either does or does not occur. Identifying the
variety of behavioural factors, interpersonal or otherwise, that prohibit change from occurring may
help to explain why current interventions, such as those trialled in the WASH sector have failed to
yield sustained behaviour change and biologically plausible health improvements.
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Evidence suggests that interventions developed with an explicit theoretical foundation are more
effective than those that are not [7, 21]. While progress has been made in recent years to improve
the incorporation of theory into intervention design and implementation, there remain
opportunities for improvement [21]. One such opportunity is better inclusion of intervention
content and implementation strategies that leverage theoretical considerations to address higherorder behavioural factors such as those related to interpersonal, organisational, community, and
environmental influences. Interventions that focus exclusively on individual-level behavioural
factors fail to fully incorporate construct theories that build on intrapersonal factors (e.g.,
personality traits, affective states that promote internal motivation, beliefs about personal abilities,
coping skills, self-esteem) yet also consider the influence of the individual’s social settings (e.g.,
affective states that promote collective motivations, beliefs about collective abilities, normative
nature and pressures of familial ties, referent or social networks) [22].
When designing, targeting, and implementing theoretically-informed interventions, particularly
community-based interventions predicated on collective action, it is important to consider various
social constructs, especially those pervasive across behaviour change theories. Acknowledging and
understanding the inherent characteristics of, and the nuances between various constructs can
help ensure interventions incorporate the most appropriate constructs to address the behavioural
factors needed to achieve the programme’s goal. To date, many community-based interventions
have focused on the normative cognition realm, or the range of constructs related to the norms,
values, attitudes, and beliefs that create an “affective culture” of trust and solidarity that fosters
cooperation and collective action [23]. However, many of these interventions tend to under-utilise
constructs related to the instrumental cognition realm, or those constructs that create an “effective
culture, with shared confidence in the methods and feasibility of cooperative or collective
undertakings” (e.g., efficacy-related constructs) [23]. Interventions intended to yield cooperative
behaviour or collective action should consider not only factors related to the normative cognition
realm, but also those related to the instrumental cognition realm.
The aim of this paper was to further elucidate when and why various social constructs should be
employed for the design, targeting, and evaluation of theoretically-grounded community-based
interventions, particularly those predicated on collective action. We sought to provide information
related to the specific conceptualisations between various social constructs and the nuances
thereof. In order to draw attention to collective efficacy as a neglected social construct, and to
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demonstrate its potential utility, we summarise and synthesise the relevant behaviour and
behaviour change literature. We highlight the various attributes of each construct, and provide
guidance on when and why these constructs should be considered for inclusion in communitybased programmes. This guidance is intended to help programme implementers and researchers
select the most appropriate constructs to include in the design, targeting and evaluation of their
community-based programmes. Finally, we examine and summarise the nature of and nuanced
differences between various social constructs to further guide programme implementers and
researchers in selecting appropriate constructs.
2. Cooperative behaviour and collective action
Cooperative behaviour and collective action are behavioural outcomes produced by various
antecedents, or precursors of behaviour. According to collective action theory, public goods or
common resources yield collective benefits, but cooperative behaviour of a group’s individuals is
influenced by factors such as the size of the group and the tendency for some members to “freeride” on efforts provided by others [24]. In other words, cooperative behaviour is influenced by
behavioural antecedents such as social norms (e.g., empirical and normative expectations regarding
cooperation), intra-group normative control (e.g., negative sanctions for violators, positive
sanctions for compliers and the strength and monitoring thereof), efficacy-related factors, and the
group’s dependence on the common good [13, 24, 25].
While experimental testing of this theory has revealed that collective norms and values are
modifiers of cooperation toward collective undertakings, evidence suggests that other factors,
several of which tap to self- and collective efficacy, influence the rate of contribution toward the
common goal as well [17]. Such factors include a common understanding amongst the group (e.g.,
clear goals regarding the development and management of the common good), past experience or
group performance, and presence of leadership [12, 14]. Additional theoretical and empirical
evidence suggests that factors related to the collective’s socio-structural (e.g., social networks and
social support structures) and cognitive features (i.e., perceptions of trust, norms of reciprocity,
and values that operate within those structures), and cohesion facilitate group coordination and
cooperation for mutual benefit [26, 27].
3. Behavioural antecedents of collective action: Key social constructs and their
conceptualisations
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3.1 Efficacy
In general, efficacy pertains to perceptions regarding the ability and autonomy to pursue a task or
communal goal (respectively for self- and collective efficacy), performance during task/goal pursuit,
and the amount of effort and persistence that will be expended [12, 28]. Albert Bandura
popularised efficacy through the development of his self-efficacy theory in the late 1970s. Bandura
drew on the prevailing psychological theories of his time, such as Rotter’s theory of personality [29],
to develop this self-efficacy theory [28]. While he first developed and detailed efficacy at an
individual level, he went on to extend the concepts of his self-efficacy theory to higher ecological
levels in his examinations of collective efficacy [12]. To date, self-efficacy remains more prevalent
in behaviour and behaviour change literature and public health and development practice than
collective efficacy. While prior efforts have been made to test the generalisability of efficacy theory
[30, 31], these efforts have largely focused on explorations of self-efficacy. This may, perhaps, be
an artefact of common approaches that tend to address independent, individual-level behavioural
factors, yet aim for change on higher, aggregate levels.
Efficacy expectations influence performance expectations across several different dimensions,
including magnitude, strength, and generality. In other words, some individuals or group members
may perceive that the magnitude of their capability is limited to simple tasks, while others’ may
perceive that their capacity to perform simple tasks extends to more difficult tasks as well [28].
Strength of efficacy perceptions is important to consider with regard to performance expectations
in that weak efficacy perceptions may be easily disrupted, while strong efficacy perceptions may
endure, even when challenged [28].
3.1.1 Self-efficacy
Self-efficacy reflects an individual’s perceptions regarding his or her ability to pursue a course of
action related to a particular problem or task [28]. The construct is multidimensional in that it is
influenced by performance accomplishments (i.e., prior mastery and/or failure experiences related
to task pursuit), vicarious experiences (i.e., observing, either directly or symbolically, others
pursuing tasks and the consequences of their pursuits), verbal persuasion (i.e., suggestions or
inducements that influence self-efficacy perceptions), and emotional arousal (i.e., physiological
states that may indicate personal competence) [28]. Given past performance influences efficacy
perceptions, efficacy may increase along with successive attempts to accomplish a task or pursue a
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goal, or at each subsequent stage along the stages of change toward the adoption of a novel
behaviour or innovation [32]. Similarly, specific and somewhat difficult goals serve to reinforce
positive efficacy perceptions as well as improved performance [28, 33, 34]. Self-efficacy has been
well adopted in the examination of individual-level behavioural prediction [35].
Translating or extending concepts of efficacy to a group context may be pertinent in several
situations. For instance, collective efficacy may be important in situations in which individuals alone
do not have or perceive to have control over social factors or ecological conditions, and instead
demonstrate a willingness and perceived ability to cooperate to establish and work toward
common goals [12, 35]. While a sizable theoretical and empirical evidence base regarding perceived
efficacy amongst groups exists [36-39], applications of the concept of efficacy amongst higher-order
collectives, particularly in examining uptake and effectiveness of community-based interventions,
remain relatively limited. The theoretical and empirical foundations of self-efficacy are relevant to
collective efficacy [12], and result in a sound theoretical and empirical foundation upon which the
examination of collective efficacy is grounded.
3.1.2 Collective efficacy
Collective efficacy is a socially-influenced latent construct that draws upon a combination of
cognitive and socio-structural factors which facilitate peoples’ shared beliefs in their collective
power, or ability to come together to execute actions related to a common goal [12, 40]. In addition
to shaping a group’s decision to set and pursue common goals, collective efficacy also influences
the amount of effort and resolve group members will expend in working toward those goals [40].
While findings from psychometric examinations of collective efficacy align to some degree, the
number and nature of related factors differ. When considered in combination, psychometric
examinations suggest that factors tapping to social cohesion, informal social control, and collective
behavioural control are important sub-constructs of collective efficacy [41-44]. In their own
analyses, researchers suggest that these factors include social attachment, social networks and
personal agency, community organisation and leadership, associational participation, social
response, common vision; trust, activism, informedness, belonging, association; and group
competence and task analysis [41, 43, 44].
Judgements regarding collective efficacy develop when individuals within a collective consider
personal, group, and situational factors [40, 45]. It is these perceptions, or judgements regarding
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collective efficacy, that influence whether communal goals are set, and how a group performs as it
pursues the communal goal [37, 38, 42, 46]. Evidence suggests that perceptions regarding efficacy
are better predictors of subsequent behaviour than prior performance or goal attainment [40].
Efficacy constructs, both self- and collective efficacy, have been applied across several sectors,
including sports, education, health, and therapy [28, 34]. These constructs are highly prevalent in
the theoretical literature, and are cited as key constructs in the Theory of Planned Behaviour [47,
48], Social Action Theory [30], Goal and Goal Setting Theories [37, 49], and the Social Ecology Model
of Behaviour Change [50], amongst others. Perhaps one of the reasons efficacy constructs are so
prevalent in theory and behavioural prediction is the motivational nature of related constructs. This
renders efficacy appraisals a major determinant of goal setting, trigger of task pursuit (individual)
or cooperative behaviour and collective action (collective), and strong predictor of the quantity and
duration of effort that is placed on pursuing a goal when obstacles are presented [28, 37-39].
3.1.3 The distinction and relationship between self- and collective efficacy
The main difference between self- and collective efficacy is the entity or level at which efficacy
judgments are being made – at the level of the individual or a higher-order group (e.g., selfidentified community, endogenously or exogenously organised group, village). Unlike self-efficacy,
collective efficacy reflects a socially-influenced construct related to beliefs and expectations
(personal normative beliefs, empirical and normative expectations) regarding cooperation and
perceptions regarding a collective’s ability and autonomy to engender and maintain change, which
trigger collective action toward a communal goal [38]. An individual’s perceptions regarding his or
her own abilities and autonomy to pursue a task and his or her own ability and autonomy to
contribute to a common goal may influence perceptions regarding the group’s overall performance
while pursuing that goal. In other words, important relationships between self- and collective
efficacy may exist [12].
3.2 Social norms
Social norms refer to the shared understandings, rules, and expectations regarding how people
behave (i.e., practices that are obligatory, permitted, or forbidden) [51, 52]. While there are
different schools of thought regarding the terminology and nuances between social norms subconstructs (e.g., descriptive norms, empirical expectations; injunctive norms, normative
expectations), there is consensus amongst theorists that social norms act to maintain group
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coherence and behavioural standards [52]. A collective practice is considered a social norm if
people engage in the practice as a result of a socially conditioned preference emerging from beliefs
regarding what other people do (i.e., empirical expectations) and beliefs regarding what other
people think one ought to do (i.e., normative expectations) [53].
Social norms are contingent upon reference groups and notions of identity [54]. Social norms theory
propose that biased perceptions may cause an individual to: 1) believe his or her own attitudes and
behaviours differ from those in his or her referent group when, in fact, they do not (i.e., pluralistic
ignorance), or 2) falsely believe that his or her own attitudes and behaviours are similar to others
in the referent group when they are not (i.e., false consensus) [55, 56]. An individual’s perceptions
regarding what others in the referent group do, and what they think others ought to do is important
in that they are documented predictors of behaviour [36]. In order to correct misconceptions,
normative feedback or information regarding the actual attitudes and behaviours of individuals in
the referent group can be provided [55].
From a theoretical and empirical perspective, the degree to which social norms are maintained,
and influence behaviour depends on exogenous and endogenous social control mechanisms, such
as collective sanctions and compliance norms [25, 57]. Evidence suggests that there is an important
distinction between exogenous and endogenous control mechanisms and their influence on
cooperative behaviour [14], as externally imposed sanctions tend to “crowd out” endogenous
cooperative behaviour [58]. Social norms also appear prominently in the theoretical literature. They
are presented as a key construct in the Theory of Reasoned Action [59], Network Theory of
Collective Action [25], Social Change Theory [60], and the Theory of Interpersonal Behaviour [61],
amongst others.
3.3 Social capital
Social capital is a multifaceted social construct that refers to the features of social organisation (e.g.,
social structures, social networks and support) and the norms and values that function within them
to facilitate coordination and cooperation for mutual benefit [23, 26, 27]. It is generally accepted
that there are two different forms of social capital: socio-structural and cognitive social capital.
Socio-structural forms of social capital are objective, and manifest as social networks and
organisational groups. Dimensions/factors and facets tapping to this social capital domain include
not just groups and networks, but also information and communication structures, community
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leadership and organisation, collective representation (of local interests amongst higher level
authorities), and associational participation [23]. Cognitive forms of social capital are subjective,
and relate to shared norms, values, attitudes, and beliefs. Dimensions/factors and facets tapping
to this social capital domain include perceptions regarding social trust, connectedness, and safety;
norms of reciprocity and mutual aid; and collective values [23, 62]. Cognitive forms of social capital
predispose people to mutually beneficial collective action [23], which operate through sociostructural forms of social capital. Both forms of social capital are informed by social interactions
and expectations, and both are mutually reinforcing [23].
Evidence suggests that actual and potential social capital increases the amount or probability of a
group's mutually beneficial cooperative behaviour and collective action [23]. In other words,
different forms and features of social capital may serve as resources that facilitate collective action
[26, 63]. However, examinations of social capital, while perhaps necessary, are exclusively
insufficient [14]. In other words, assessing social capital without assessing other social constructs
known to be predictors of collective action may provide an incomplete evaluation of the
interpersonal antecedents of collective action.
3.3.1 Bonding, bridging, and linking aspects of social capital
There are different types and quality of social capital. Theorists and practitioners have reflected on
the concept of homophily (i.e., tendency of individuals to associate and bond with similar others)
to distinguish between the quality and types of social capital [64-66]. Bonding social capital reflects
relationships amongst social network members with similar social identities (i.e., homophilous),
such as relatives, friends, or neighbours [26]. This type of social capital usually reflects the strongest
connections, but yield the “least valuable by-product” [67]. Bridging social capital reflects
relationships amongst people who are dissimilar, or differ in terms of social identity (i.e.,
heterophilous). Relationships between community members at large (i.e., non-leaders) and
community leaders, local politicians, individuals of different ethnicity, age, socio-economic status
[66] would reflect bridging social capital. While bridging social capital represents weaker
connections than bonding social capital, it typically generates a more valuable “by-product” [67].
Linking social capital reflects the extent to which individuals build relationships with power
structures, and organisations such as local government authorities [66]. Linking social capital
represents the weakest type of connection, yet yields the most valuable by-product, as it provides
a connection and therefore access to power structures [67]. The by-products of bridging and linking
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social capital are meaningful in that they provide opportunities for exposure to novel ideas, values,
and perspectives [66].
3.4 Social cohesion
Some conceptualisations of social cohesion propose it is the presence of strong social bonds, sense
of connectedness, and the absence of social conflict [63]. Other conceptualisations suggest social
cohesion reflects the behaviours and attitudes within a community that represents the propensity
of its members to cooperate [68]. Social cohesion manifests as individuals who demonstrate a
willingness and ability to work together to address common needs, overcome barriers, and consider
the diverse interests amongst the group [69]. Theoretically proposed sub-construct domains
include social inclusion, common values and civic culture, social capital, social order and control,
and social mobilisation [69, 70]. Proposed dimensions/factors and facets include social solidarity,
norms of reciprocity, social attachment (place attachment and place identity), social bonds (sense
of belonging and trust), associations that bridge social division, willingness to participate and
promote social justice or social control, absence of disparities or other forms of polarisation,
absence of social conflict, shared outcomes [63, 70]. Here, social inclusion, as a sub-construct,
promotes equity with regard to opportunities, and removes barriers to participation within
community structures.
Literature regarding social cohesion, as a stand-alone social construct, exists. However, there is a
dearth of literature regarding rigorous measure and psychometric determination of social cohesion,
and its influence on behaviour. In general, literature supporting conceptualisations of social
cohesion as a stand-alone construct are less common than alternative conceptualisations that
conceived of social cohesion as a constituent of other social constructs. More commonly, social
cohesion presents in the literature as a sub-construct of social capital or collective efficacy [41, 42,
62, 71]. Despite disparities regarding its conceptualisation, social cohesion is believed to influence
the quality, effectiveness, and sustainability of interventions, especially those based on action at
the community level [72, 73]. The influence of social cohesion on collective behaviour may be
explained, at least partially, by the theory of diffusion of innovations, which suggests that
innovative behaviours diffuse much more rapidly in communities that are cohesive and in which
members know and trust each other [74]. Social cohesion is also considered in the Network Theory
of Collective Action [25], Social Action Theory [30], and the Ecological Model of Health Behaviours
[75].
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3.4.1 Social capital vs. social cohesion
Many theorists and practitioners view social cohesion as a constituent component of social capital
[15, 18, 62, 71, 73]. In general, these conceptualisations and evaluations thereof posit that social
cohesion is a cognitive component of social capital that facilitates collective action via structural
manifestations of social capital (e.g., formal associations, community groups) [62]. However, some
conceptualisations of social cohesion view social capital as a constituent component of cohesion
that draws on bonding and bridging social capital [63, 70]. In other words, social cohesion is
conceived by some theorist as a as a social construct with foundations in local social capital, where
the social capital of a particular community “take[s] on a strong sense of local space, albeit with
ambiguous and fluid boundaries” [70]. Social capital is therefore proposed as a “partial reconceptualisation of social cohesion” with social network and community links [70]. These theorists
suggest that social cohesion examines concepts (i.e., sub-constructs) that move beyond those of
social capital [63]. Regardless of the structure of their conceptualisations, social cohesion and social
capital consider “collective, ecological dimensions of society” [63]. It is suggested, however, that
these constructs be distinguished from social networks and social support, which operate at the
individual level [63].
3.5 Synthesis of social construct conceptualisations
Table 1 summarises attributes of the various social constructs, and provides an overview of each
construct’s operational definition, related sub-constructs, and when and why the construct should
be considered for use to inform the design, targeting, and evaluation of community-based
interventions.
3.6 Nuances related to motivational concepts
When it comes to elucidating socially-influenced factors influential in determining whether an
individual or group of individuals choose to engage in or adopt various behaviours, the domain of
motivational factors that comprise locus of control, behavioural control, efficacy, and agency
emerge in several theories. The set of constructs in this motivational domain tap to slightly different
conceptual facets, but in essence belong to the same domain. The labels used to describe these
factors may also account for differences in how theorists viewed the nature, origins, and
intervening processes by which motivational factors affect intentions and behaviour. This may
result in some conflation of terms. Below, common factors in this motivational domain are clarified.
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Table 1. Social Constructs Framework: Summary of social construct attributes
Construct
Selfefficacy

Operational
definition

Constituent subconstructs

When to use this construct: Potential uses

An individual’s
perceptions and
confidence
regarding his/her
ability to pursue a
course of action
related to a
particular task or
problem

Performance
accomplishments, vicarious
experience, verbal
persuasion, emotional
arousal (physiological
states)

To determine and assess: task pursuit and
performance; motivational components of volitions
(e.g., intentions as indicators of how hard an
individual is willing to try, of how much effort s/he
is planning to exert); feed-forward control, as well
as feedback
To design, target, and evaluate interventions that:
address individual-level, intrapersonal motivational
factors related to task pursuit, enhance one's sense
of performance accomplishments & outcome
expectations

Collective

A group's shared
beliefs and
confidence in its
collective power, or
ability to come
together to execute
actions related to a
common goal

Collective behavioural
control, informal social
control, social cohesion;
collective performance
accomplishments, vicarious
experience, verbal
persuasion, emotional
arousal (physiological
states)

Social
norms

Collective or shared
understandings,
rules and
expectations

Empirical expectations (i.e.,
beliefs regarding the
behaviours, practices of
others) and normative

To determine and assess: collective goal setting,
performance as the collective takes action toward
communal goal(s); motivational components of
volitions (e.g., intentions as indicators of how hard
a group/collective of individuals is willing to try, of
how much effort they are planning to exert); feedforward control, as well as feedback
To design, target, and evaluate interventions that:
address collective-level, interpersonal factors
related to communal goal-setting and performance
during pursuit thereof, motivational components
of volitions enhance a collective's sense of its
performance accomplishments and outcome
expectations
To determine and assess: empirical expectations
and normative expectations, sanctions (i.e.,
rewards for compliance, punishments for noncompliance) that employ intra-group normative

efficacy*
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Why use this construct:
Attributes related to collective action

Construct reveals information regarding
individual-level motivation, demonstrated
predictor of task pursuit, the amount and
duration of effort an individual will expend in the
pursuit of a task or personal goal. Better predictor
of subsequent behaviour than prior task
performance. May increase along with successive
attempts to accomplish a task or pursue a goal, or
at each subsequent stage along the stages of
change toward the adoption of a novel behaviour
or innovation. Self-efficacy appraisals may guide
the selection of individual-level action strategies.
Self-efficacy appraisals regarding an individual's
abilities and autonomy to contribute to
communal goals are related to collective efficacy
perceptions.
Construct reveals information regarding collective
(i.e., group, community)-level motivation.
Collective efficacy appraisals shape a group’s
decision to set and pursue common goals,
influences the amount of effort and resolve group
members will expend in working toward those
goals. Better predictor of subsequent collective
behaviour than prior performance or goal
attainment. May increase along with successive
attempts to pursue a goal, or at each subsequent
stage along the stages of change toward the
adoption of a novel behaviour or innovation.
Collective efficacy appraisals may guide the
selection of collective-level action strategies.
Construct represents interpersonal behavioural
factors related to socially conditioned preferences
regarding behaviours and practices of interest.
They act to maintain group coherence and

Sources

Bandura 1977,
1982; Galavotti
et al. 1995;
Ewart 1991;
Ajzen 1991;
Bagozzi 1992;
Delea et al.
2018

Bandura 1982,
2000; Galavotti
et al. 1995;
Sampson et al.
1997; Goddard
et al. 2004;
Carroll et al.
2005; Delea et
al. 2018

Heckathorn
1990; Crawford
and Ostrom
1995; Ostrom
2000;
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Social
capital†

Social

cohesion‡

regarding everyday
life (i.e., how
individuals behave,
and obligatory,
permitted, or
forbidden practices)

expectations (i.e., beliefs
regarding what people
ought to do), social control
mechanisms (e.g.,
endogenous and exogenous
sanctions, compliance
norms)

Features of social
organisation (e.g.,
social structures,
social networks and
support) and the
norms and values
that function
therein to facilitate
coordination and
cooperation for
mutual benefit;
assets operating to
create/enhance
bonds, bridges,
linkages
Presence of strong
social bonds, sense
of connectedness,
and the absence of
social conflict

Structural components:
groups & networks (social
networks, social support),
community leadership &
organisation, associational
participation, information
and communication
Cognitive components:
social trust, reciprocity &
mutual aid, connectedness,
safety, collective norms &
values

Social inclusion, common
values and civic culture,
social mobilisation, social
capital, social order and
control

control to influence individuals/the group as a
whole to adopt mutually beneficial cooperative
behaviours
To design, target, and evaluate interventions that:
address interpersonal behavioural factors related
to socially conditioned preferences regarding
behaviours and practices of interest, and providing
normative feedback as an approach for correcting
misperceptions that influence behaviour
To determine and assess: actual or potential
structural and cognitive components (social,
psychological, cultural, cognitive, and institutional
assets) that increase the amount or probability of a
group's mutually beneficial cooperative behaviour
and collective action
To design, target, and evaluate interventions that:
address interpersonal behavioural factors related
to social structures and networks, and the trust
and norms of reciprocity that work within them to
create externalities for the collective

behavioural standards. An individual’s
perceptions regarding what others in the referent
group do, and what they think others ought to do
is important in that they are documented
predictors of behaviour. In order to correct
misconceptions, normative feedback or
information regarding the actual attitudes and
behaviours of individuals in the referent group
can be provided.
Construct explores bonding, bridging, and linking
features of social structures (e.g., networks) and
the levels of interpersonal trust and norms of
reciprocity which act as resources for individuals,
and facilitators of collective action. Necessary but
exclusively insufficient (in and of itself) for the
development and assessment of collective action.

Berkowitz
2004; Bicchieri
2017

To assess: Social bonds (sense of belonging and
trust), social inclusion, social solidarity, social
attachment (place attachment and place identity),
norms of reciprocity, associations that bridge social
division, willingness to participate and promote
social justice or social control, and social control
To design, target, and evaluate interventions that:
Create social bonds and a sense of unity/solidarity,
foster an environment that promotes social
inclusion, minimise or address disparities/other
forms of polarisation and social conflict, and create
perceptions and norms regarding shared outcomes

Construct and sub-constructs such as social
inclusion and attachment may be important
factors to consider given they serve to minimise
barriers to participation and promote equal
access to opportunities and resources.
Communities or collectives high in social cohesion
may facilitate the diffusion of innovations, as
innovative behaviours diffuse much more rapidly
in communities that are cohesive and in which
members know and trust each other.

Berkman &
Kawachi 2000;
Forrest &
Kearns 2001;
Rogers 1983

Bourdieu 1977;
Putnam 1983,
2004; Uphoff
1999; Berkman
& Kawachi
2000; Ostrom
2000; Forrest &
Kearns 2001;
Grootaert &
van Bastelaer
2002, 2013

Notes. * Some conceptualisations of social capital have included collective efficacy as a sub-construct (Berkman & Kawachi 2000, Perkins & Long 2002). † Social capital and/or aspects thereof (i.e.,
constituent sub-constructs) have been conceptualised as components of collective efficacy (Carroll et al. 2005, Delea et al. 201) and social cohesion (Berman & Kawachi 2008, Forrest & Kearns 2001).
‡ Social cohesion and/or aspects thereof (i.e., constituent sub-constructs) have been conceptualised as components of social capital and collective efficacy (Sampson et al. 1997, Delea et al. 2018).
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Distinctions are summarised, and concepts are presented in terms of their levels of specificity
in Table 2.
Beliefs regarding competency and efficacy, performance expectancies (i.e., expectancies of
success or failure), and perceived control over outcomes (i.e., behavioural control) should be
differentiated. In fact, Bandura indicates that “[p]erceived self-efficacy and beliefs about the
locus of causality must be distinguished…” [28].
The concept of locus of control emerged from Rotter’s Social Learning Theory [29], and was
used to describe both outcome expectancies, and the value placed on an outcome [76]. Locus
of control is principally concerned with causal beliefs about action-outcome contingencies [29].
An internal locus of control reflects situations in which individuals believe their actions dictate
resulting outcomes, while an external locus of control reflects situations in which outcomes are
a product of external forces or factors [77]. Locus of control reflects a higher-level, domainspecific concept. In some theories, locus of control is synonymous to self-efficacy [28].
However, several theories distinguish between locus of control and efficacy, and suggest that
efficacy is only reflected when locus of control is perceived to be internal as opposed to external
[76, 77].
Behavioural control relates to perceptions regarding one’s control over the performance of a
behaviour [47]. In other words, behavioural control is "the person's belief as to how easy or
difficult performance of the behaviour is likely to be" [78]. Behavioural control reflects
intentions, and an intention is only expected to manifest when an individual maintains
behaviour control perceptions [49]. Ajzen suggests that self-efficacy is a component of
behavioural control [48]. This concept is slightly more specific than locus of control in that it is
a behaviour-specific concept.
Bandura set forth a social cognitive model of motivation that focuses on efficacy and agency
perceptions [12, 28]. Efficacy is described elsewhere in this paper, and agency reflects the
capacity of an individual to act in a given environment [79]. Unlike Expectancy Value Theory
[80] and Attribution Theory [81], Social Cognitive Theory [79] suggests that efficacy
expectations affect behaviour, which influences outcome expectations and actual downstream
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Table 2. Distinctions between common motivational concepts
Label
Locus of control

Type of theory employing label

Definition

Locus of control theories, cognitiveaffective theories

A concept used to describe both outcome
expectancies, and the value placed on an outcome;
primarily concerned with causal beliefs about actionoutcome contingencies

Cognitive-affective theories, locus
of control theories

Perceived control over the performance of a
behaviour

Social cognitive theories, cognitiveaffective theories, interpersonal
construct theories

Self-efficacy: An individual's confidence in his/her
ability to organise and execute a given course of
action to solve a problem or accomplish a task
Collective efficacy: A group's perceptions regarding
its ability and autonomy to set and pursue a
communal goal

Cognitive-affective theories,
expectancy-value theories

Judgement that task completion or behaviour change
will produce a specified outcome

Locus of control theories, social
cognitive theories

The capacity of an individual to act in a given
environment

Behavioural control

Specificity
(i.e., level of evaluation)
Domain-specific

Bandura 1977*,
Rotter 1966

Behaviour-specific

Ajzen 1985†,
Ajzen & Madden
1986

Efficacy

Expectancies

Task-specific

Bandura 1977,
Galavotti 1995

Goal-specific

Bandura 1997,
Galavotti 1995

Task/goal-specific

Agency
Context and task/goalspecific

Notes. * Bandura proposes self-efficacy is synonymous to locus of control. † Ajzen suggests self-efficacy is a component of behavioural control.
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Author/year

AbuSabha 1997,
Bandura 1977,
Westby 2005,
Schwarzer 2008
Skinner 1995,
1998; Bandura
2001
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outcomes. Both agency and efficacy are more specific than behavioural control, as they are
task/goal-specific.
Outcome expectancies reflect an individual's judgement that task completion or behaviour
change will produce a specified outcome [76]. Expectancies influence behaviour, and are
shaped by mastery experiences and reinforcement [28]. Theories drawing on outcome
expectancies propose that individuals typically take into account several possible outcomes,
and weigh them against perceived benefits before deciding whether to pursue a task [76]. In
other words, an individual’s beliefs regarding expected outcomes and the value of those
outcomes has a considerable influence on motivational processes. Positive outcome
expectancies and perceptions of self-efficacy work jointly with each other, and influence
intention [82].
4. Discussion
This paper sought to examine characteristics of the various social constructs commonly
identified as theoretically-grounded and evidence-based predictors of cooperative behaviour
and collective action. Appropriately incorporating these constructs into the design, targeting,
and evaluation of community-based interventions may serve to elucidate and address
persistent shortcomings in behaviour change interventions. Information regarding when and
why to use each construct was provided in order to help guide programme implementers and
researchers in their consideration and selection of behavioural antecedents. Given the
prevalence of efficacy-related social constructs in the behaviour and behaviour change
literature, various aspects of these motivational constructs were examined.
Our summary highlighted the unique contributions of each social construct. Findings suggest
efficacy-related constructs allow for an examination of perceived capability and autonomy to
pursue tasks/goals, and motivational factors related to task or communal goal setting,
performance during pursuit thereof, and the amount of effort and persistence that will be
exerted in pursuit of the task or goal. Social norms investigate perceptions related to the
attitudes and behaviours of others as well as beliefs regarding what people should do. These
perceptions influence socially conditioned preferences regarding behaviours and practices.
Social capital relates to the socio-structural (e.g., social networks, social support) and cognitive
(e.g., trust, norms of reciprocity) features of a group, community, or collective that serve as
resources for individuals, and facilitators of collective action. Social cohesion pertains to the
strength of social bonds, sense of connectedness, and the absence of social conflict within a
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group, community, or collective. Social cohesion and sub-constructs such as social inclusion and
attachment may be important factors to consider given they serve to minimise barriers to
participation and promote equal access to opportunities and resources.
In order to facilitate further incorporation of efficacy-related constructs into community-based
interventions, we outlined distinctions between the domain of motivational factors that
comprise locus of control, behavioural control, efficacy, and agency constructs, as they are
often conflated in the literature. These findings indicate that there are various levels of
specificity with regard to these motivational concepts. As such, when designing and evaluating
interventions, it is important to ensure that the level of specificity of the intervention
techniques employed to addressed key behavioural factors align with the specificity of the
motivational factor itself. For example, a behaviour-specific intervention technique should be
employed to address behavioural control-related factors, while a task or goal-specific
intervention technique should be employed to address efficacy-related factors. Distinctions
should be made between locus of control and efficacy [28].
Findings from our review demonstrate inconsistencies with regard to the conceptualisations
and the underlying structures of various social constructs. Rather than striving for consensus
regarding the conceptualisations of these constructs, it is important to ensure that
interventions appropriately consider relevant sub-constructs that attend to context-specific
barriers of behavioural adoption and programmatic goals. Theory can and should be used to
inform intervention design, and these theories can be used to determine how to cite related
factors as constituents of those constructs. For example, proposed sub-constructs, or factors
related to social capital and social cohesion overlap broadly. Factors and related sub-constructs
indicated in the theories used to develop and evaluate the intervention at hand should be
addressed via the intervention, as indicated by the programme’s theory of change.
Examinations of social constructs are often limited to a single construct, across all contexts,
without regard to the construct’s attributes and whether it is best suited to explain or predict
behaviours promoted by the intervention of interest. For instance, despite the fact that efficacyrelated constructs are highly prevalent in theoretical literature and the construct relates to
important concepts such as a collective’s perceptions regarding its abilities to pursue common
goals, the construct is rarely employed in community-based intervention evaluation. Instead,
social capital is often exclusively employed to examine disparities between the uptake and
maintenance of community-based interventions related to the development and maintenance
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of communal goods or resources [5, 15, 18]. The exclusive selection of this social construct
occurs despite conclusions that social capital may be necessary, but solely insufficient for the
development and assessment of collective action [17]. Findings from our social constructs
examination demonstrate that investigation of social capital, while useful for assessing
attributes related to cognitive and structural capital, fail to consider key motivational factors
that trigger communities or collectives to cooperate, coordinate, and take action. Factors such
as those related to perceived capabilities and autonomy to pursue change, whether a group will
set and pursue communal goals, and the amount of effort and resolve that will be expended
while working toward those goals are only explored through examinations of collective efficacy.
When used appropriately and in combination, measures of social constructs and their related
constituents can be used to help explain why and how community-based interventions were
successful (or not) in bringing about collective action. They can also be used to target
communities that are open to and ready for change, and are on-board to employ cooperative
solutions. Prior to selecting social constructs for inclusion, programme implementers should
clearly specify the programme’s goals, objectives, and evidence-based barriers and facilitators
of the behaviours being targeted by the programme (i.e., those identified through formative
research). Detailing this information will provide information regarding the factors that need to
be addressed by the intervention, and through the use of the social constructs framework
presented herein, assist the implementer or researcher in identifying the particular construct
to which those factors tap. By designing community-based interventions to act on various
constructs and constituent factors identified as change mechanisms, purposive action can be
taken to enhance these constructs, and may in turn, improve intervention uptake and
effectiveness [23].
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PART II: PSYCHOMETRIC & COGNITIVE VALIDATION OF COLLECTIVE
EFFICACY SCALES

Chapter 3: Research contexts and anchor study designs
3.1

Chapter overview

This doctoral research consisted of examinations of collective efficacy in two separate contexts
– rural Odisha, India, and peri-urban and rural Amhara, Ethiopia. Performing this work within
the context of two different studies conducted on two different continents allowed for an
iterative scale development and refinement approach. This chapter presents information about
the contexts in which this research was conducted, including information about the national
and sub-national settings, anchor study aims and objectives, and details related to the
interventions under evaluation. A brief summary of the timing of the work performed in each
context is also provided.

3.2

Employment of data from India and Ethiopia – an iterative scale refinement
process

Chapter 2 established a case for the utility of CE in the examination of antecedents of collective
practices. There, I highlighted the dearth of evidence and psychometric examinations thereof
on CE and the uptake of community-based interventions coming from low- and middle-income
countries, where reliance on collective action and cooperative behaviour is common. To
address this gap, I led a team effort to design a series of studies intended to develop, validate,
and employ scales to assess CE and compare perceptions between men and women. With the
team, I hypothesised that CE is an important antecedent of cooperative behaviour and
collective action needed to bring about sustained adoption of improved WASH practices at a
level required to realise health impacts. As such, two studies, highlighted in this thesis, were
designed to examine CE at various points in the programme implementation cycle. These two
CE studies were embedded within two anchor studies evaluating the effectiveness of two WASH
interventions, one in Odisha, India, and one in Amhara, Ethiopia.
In each of the contexts in which this thesis research was conducted, the anchor WASH study
provided a unique opportunity for investigating the role that CE and its constituent factors play
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in uptake of improved WASH behaviours and practices. The design of the two anchor studies
differed, as did the interventions being evaluated and the contexts in which the studies were
being carried out. Each anchor study had its strengths and weaknesses with regard to the
aspects of CE that could be explored. Together, these studies allowed for an iterative learning
and scale development process while also providing an early opportunity to identify the CE
factors that may transcend contexts.
The India study provided an opportunity to develop and administer an early version of the CE
survey. Given the scope of the study, and the number of other sub-studies couched within it,
our formative research was somewhat limited in time and scope (details provided in Research
Paper 3 and its Supplemental Material). We also needed to limit the number of items our survey
contained given the number of other survey modules that needed to be deployed during the
same study rounds. Finally, the lack of pre-intervention measures of CE and its related factors
limited examinations into causal effect and directionality of the relationship between CE factors
and indicators of improved WASH practices.
Despite these limitations, the India work provided rich information and lessons that were taken
into a subsequent examination of CE in an ex-ante cluster-randomised controlled trial I was
helping to design and manage in Ethiopia. Given the nature of the intervention we were
designing for that study, I advocated for the incorporation of the collective efficacy survey. Our
funding partners were supporting a six-month formative research phase, so we were able to
carry out additional formative work that was more extensive in terms of scope and time, which
allowed for further refinement of the CE survey instrument. We were also able to leverage
lessons learnt from the India study. As such, the Ethiopia work was more comprehensive than,
and benefited from, the India work. Below, details are presented on each study context and
each anchor study in which the two CE studies comprising this thesis research were situated.
Figure 3.1 provides a visual depiction of the timing of the overarching CE inquiry. It is worth
noting that while the India CE study was conducted first, the CE scales from the Ethiopia study
were developed first. The reason being the Ethiopia dataset represented a more nuanced and
comprehensive assessment of CE. Based on additional formative work and emerging literature,
14 survey items were added to the tool previously used in India prior to piloting and
administration in Ethiopia. While the India dataset contained data from both men and women,
the Ethiopia dataset contained data on household-level male-female dyads. Therefore, as a
result of conversations with statisticians and other colleagues with scale development
experience, I decided to analyse the more comprehensive dataset first.
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Figure 3.1 Thesis research timeline

3.3

Why examine collective efficacy in the context of WASH interventions

On an annual basis, approximately 1.7 billion cases of diarrhoeal disease occur amongst children
across the globe [1]. Diarrhoeal disease is the leading cause of malnutrition, and at 1.3 million
deaths per year globally, it represents the ninth leading cause of death [2]. However, evidence
suggests that the disease burden associated with diarrhoea can be prevented through WASH
interventions [3-5]. Estimates from burden of disease studies substantiate the need to improve
water and sanitation to prevent diarrhoeal disease burden [6]. As with diarrhoeal disease, poor
WASH conditions are also associated with neglected tropical diseases (NTDs), such as soiltransmitted helminthiasis (STH), schistosomiasis, and trachoma, amongst others [7-9].
An examination of Wagner and Lanoix’s F-diagram [10] reveals the pathways through which
many WASH-related diseases are transmitted (Figure 3.2). This diagram depicts important
routes of faecal-oral transmission, which occurs when pathogens from faeces or faecal particles
from one host pose a risk to a new host (or the same host, as may be the case with autoinoculation). A lack of adequate sanitation, poor hygiene, and inadequate water quality and
quantity perpetuate faecal-oral transmission. These factors are summarised by the five F’s in
the F-diagram: fingers, flies, fields, fluids, and food [10].
While these factors represent important transmission routes for faecal-oral transmission, they
do not fully enumerate all routes important to the transmission of all WASH-related diseases.
For example, fomites may also play an important role in indirect person-to-person transmission
of WASH-preventive diseases, such as trachoma [11, 12]. Fomites are inanimate objects that
can become contaminated and serve as mechanisms of transfer between individuals. Evidence
suggests that objects such as bedsheets, clothing, and shared cloths or towels can become
contaminated with C. trachomatis, the causal agent of trachoma, and serve to transmit the
bacteria from one person to another [12].
Addressing shortcomings in environmental conditions and personal practices through WASH
interventions may serve to provide barriers to the transmission of WASH-preventive diseases.
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The intersecting red lines depicted in Figure 3.2 indicate factors that can interrupt the
transmission of pathogens along the various routes. A considerable evidence base indicates that
interventions such as point-of use filters with safe water storage; water piped on-premise,
particularly with continuous availability; handwashing with soap; and those which improve
coverage and utilisation of improved sanitation facilities are associated with lower risk of
diarrhoeal

morbidity

[13]. Further evidence

Figure 3.2 Adaptation of Wagner & Lanoix’s F-diagram
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Source: https://newint.org/features/2008/08/01/toilets-facts

Despite these findings, overall quality of evidence is low, and recent experimental studies have
revealed lower than expected health gains related to exposure to WASH interventions [15-17].
However, in response to these emerging findings, questions are being posed regarding: 1)
whether it is appropriate to deploy sanitation and hygiene interventions without accompanying
water supply improvements [18, 19], and 2) whether a certain level of sanitation utilisation and
hygiene practices are required in order to achieve measurable health impact [18]. This second
question, in particular, is relevant to this thesis work given evidence suggests that collective
action is required for WASH interventions to reach the coverage and utilisation levels likely
required to realise health gains through “herd protection” [20-22]. Therefore, this investigation
into CE and other social constructs that represent behavioural factors of collective practices is
pertinent, particularly given the current climate of WASH research and intelligent intervention
design.
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3.4

Water, sanitation, and hygiene in India

3.4.1

Intervention context – Odisha, India

Although the country has made recent progress, a large proportion of the world’s open
defecation occurs in India. Approximately 37% of the 892 million people worldwide who
practice open defecation reside in India [23]. While the data were captured over five years ago,
Figure 3.3 provides a visual depiction of the number of open defecators per square kilometre,
with India clearly standing out as the country with the highest density of open defecators. In
order to address this issue, the Prime Minister launched the Swachh Bharat Mission in October
2014, with the goal of ending open defecation in India by 2019.

Figure 3.3 Open defecators per square kilometre (2012)

The recent National Family Health Survey-4 (NFHS-4) conducted during 2015-2016 provides
information on population, health and nutrition. This survey indicates, that in India, on average,
90% of households report using an improved drinking-water source, with only minor disparities
between urban and rural settings (91% vs. 89%, respectively) [24]. Sanitation, however, remains
more of an issue, with 48% of households in the country reporting use of an improved sanitation
facility. Unlike improved drinking-water source utilisation, there is a large disparity between
urban and rural settings with regard to utilisation of improved sanitation facilities. Seventy
percent of urban households report using an improved sanitation facility while only 37% of rural
household report using an improved facility. Although less than half of the households in the
country use an improved sanitation facility, at 48%, this utilisation statistic represents a 19%
increase from the third round of the NFHS, conducted during 2005-2006 [24]. The national
prevalence of reported diarrhoea in the two weeks preceding the survey was 9%. Stunting and
underweight remain issues on a national level, with 38% of children aged less than five years
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having a height-for-age z-score two standard deviations below the median reference
population, and 36% of children less than five having a weight-for age z-score two standard
deviations below the median reference population. There are urban-rural disparities for both
of these nutritional outcomes, with children in rural areas doing worse by approximately seven
percentage points for both outcomes. While wasting was less prevalent than stunting and
underweight, one in five children were still two standard deviations below the median
reference population for weight-for height z-score. There was only a slight difference in wasting
between urban and rural settings [24].
Odisha State in eastern coastal India is largely rural, with only 17% of the households in the
state residing in urban areas. The large majority of people in Odisha are Hindu, with 95% of
heads of household classifying themselves as such [24]. Odisha is the third most populous state
in terms of its tribal population [25], with 23% of households belonging to a scheduled tribe.
Another 20% of households in Odisha belong to a scheduled caste, and 35% to another
backward caste [24]. Nearly two-thirds of households (65%) in Odisha practice open defecation,
with rural households representing a majority (72%) of this open defecation burden. Improved
drinking water in Odisha is similar to the national average, with 89% of households using an
improved source of drinking water [24]. Reported diarrhoea prevalence in the two weeks
preceding the survey was similar to the national average (10%). Stunting, underweight, and
wasting amongst children in Odisha were all similar to national averages. This was the site of
the evaluation of a water supply and sanitation intervention, implemented by Gram Vikas, a
local non-governmental organisation (NGO). This evaluation was the anchor study of the
collective efficacy work conducted in India.
3.4.2

Anchor study details: Gram Vikas MANTRA evaluation

During June 2015 – October 2016, a matched cohort study was carried out in Odisha, India. The
aim of the study was to evaluate the effectiveness of the Gram Vikas MANTRA intervention, a
combined water supply, sanitation, and hygiene intervention, on behavioural outcomes and
health impacts [26]. The study had five objectives, one of which was to develop and employ a
theoretically-grounded and evidence-based CE scale to determine whether CE was associated
with intervention status, uptake of improved WASH facilities coverage and utilisation
behaviours, and nutritional outcomes amongst children aged less than five years. Villages
maintain some level of innate CE, or perceptions regarding their ability and autonomy to come
together to work toward a common goal, regardless of whether they have been intervened
upon with a community-based programme. Therefore, measurement of CE perceptions in
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control communities was of interest not only for counterfactual purposes, but to ascertain
baseline, innate CE perceptions amongst individuals in villages that were not intervened upon.
I led the CE and cost-effectiveness components of the Gram Vikas evaluation. Further details
regarding the design and main effects of the matched cohort study have been described
elsewhere [26, 27].
The matched cohort study was designed to retrospectively investigate the effects of a water
supply and sanitation intervention several years after its completion. The retrospective study
design allowed for an examination of the sustainability of the effects of the intervention. This
design was selected because of the team’s experience with poorly delivered and adopted
interventions during its preceding sanitation trial in Odisha, India [17] and similar intervention
fidelity and compliance issues observed by other studies [16]. It was decided that moving
forward with a retrospective evaluation of a high quality intervention would facilitate the
examination of the health impacts of a water supply and sanitation intervention. It is worth
noting, however, that like other observational study designs, a matched cohort study cannot
rule out unmeasured confounders between the matched villages.
Sample size determinations were made based on data obtained through simulations estimating
the log odds of diarrhoeal disease (the primary study outcome) via a multilevel random effects
model parameterised with data from a previous study carried out in Puri, Odisha. Details related
to those model parameters are published elsewhere [26], and indicated the need to enroll 45
villages per study arm, and 26 households per village. Consequently, 90 villages were enrolled
in the matched cohort study.
Villages that Gram Vikas formally engaged for their MANTRA intervention, with intervention
start dates between 2003-2006, were eligible for inclusion in the matched cohort’s intervention
arm. Forty-five villages were randomly selected for study enrollment amongst those meeting
eligibility criteria. A multi-step restriction, matching, and exclusion process was used to match
45 control villages to the randomly selected intervention villages, as detailed elsewhere [26].
Households with a child under five years of age were eligible for enrollment, and up to 40
households per village were enrolled. If there were more than 40 eligible households in a given
village, 40 eligible households were randomly selected from the village’s census list. Various
data were collected across four rounds in randomly selected villages in Ganjam and Gajapati,
Odisha during June 2015 – October 2016.
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Given the nature of Gram Vikas’ village engagement and enrollment process, and the emphasis
the programme approach places on cooperative behaviour and collective action, it was deemed
necessary to examine factors related to these collective behaviours. This was reflected in the
specific objective of the matched cohort study pertaining to the development and validation of
a CE scale to ascertain whether CE factors were associated with intervention status and the
uptake of improved WASH behaviours. This CE work was prioritised as one of five specific study
objectives because the Gram Vikas MANTRA intervention is predicated on a community’s ability
and willingness to take collective action in order adopt the behaviours and practices promoted
by the programme.
3.4.2.1

Details regarding MANTRA programme

Gram Vikas spent over a decade working with participant villages to develop, refine, and pilot
its Movement for Action Network for Transformation of Rural Areas (MANTRA) programme.
The MANTRA programme ensures village-wide saturation of high-quality, on-site sanitation and
hygiene facilities by leveraging a common good – a village-level, improved water distribution
system that is piped throughout the village, with each household compound receiving three
taps. However, in order to ensure the village receives the communal good, each household in
the village – regardless of its wealth status, class, and caste/tribe, must install: 1) a high-quality
improved household toilet that meets the specifications set forth by Gram Vikas, with one
household tap piped into the facility; and 2) an enclosed bathing room, with an additional tap
or shower in the facility. According to Gram Vikas’ theory of change, water access is the key to
ending open defecation in rural India. This is evident in the emphasis the organisation places on
eliminating the need to fetch water outside of the home, which changes the scene for
defecation, and interrupts the setting in which open defecation traditionally takes place in India
– off-site water sources that allow for post-defecation ritual cleansing.
Gram Vikas will not initiate village enrollment into MANTRA before a village demonstrates its
unanimous commitment to the programme. Details regarding the MANTRA programme are
presented below, and highlight how factors related to collective behaviour are deeply
engrained in the programme’s design. MANTRA is implemented in three phases, which are
carried out over approximately three years. The programme commences with the Motivational
Phase, then continues through to Implementation and Completion Phases.
Phase I: Motivational Phase. The Motivational Phase take place over an average of 8-12
months, during which Gram Vikas staff visit the village to establish contact with village leaders,
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Panjiat, and ward members to gauge interest in becoming engaged with the programme and
gain high-level community buy-in. After official village leaders are contacted, Gram Vikas staff
help facilitate the establishment of a Village General Body (VGB), which is comprised of one
man and one woman from every household in the village. Then, the VGB must demonstrate its
unanimous commitment to participate in the MANTRA programme. This requires the VGB to
meet at least once per month, and demonstrate 100% participation in village meetings. Once
all households are in attendance during village meetings, the VGB must establish a contract, or
agreement between it and Gram Vikas. This contract enumerates the contributions required by
each group of actors (e.g., Gram Vikas, village households), and is signed by each household in
the village. The VGB must also register for legal status in accordance with the Society
Registration Act of 1860, and establish three village committees. An Executive Committee must
be established, and be comprised of ten elected village representatives – five men and five
women from different castes/tribes and classes, proportional to village caste/tribe/class
distribution, to allow for representation across the village. The final member is one
representative from Gram Vikas. In addition to the Executive Committee, Village Water and
Village Sanitation Committees should also be established.
The Executive Committee must meet weekly, and is responsible for managing the village’s
Corpus Fund. Gram Vikas requires that 1,000 Rupees per household be deposited into the
village’s Corpus Fund. However, households pay into this fund as they are able, and householdspecific contributions are decided upon by the Village General Body. During this process, each
man and woman from each household in the village have one vote to decide the quantity each
household must contribute to the village’s Corpus Fund. This allows for wealthier households
to contribute more on behalf of other poor or marginalised households, and all village members
have the opportunity to weigh into the decision. Every month, during the Motivational Phase,
a household contribution is collected by the Executive Committee until the Corpus Fund is
complete. The fund is then deposited into a fixed deposit bank account in the name of the
Village General Body, with the Executive Director of Gram Vikas serving as a signatory, in an
official capacity, on the account. The principle on this account cannot be touched, but the
interest can be used by the village to expand the village water distribution system and new
sanitation and hygiene facilities for new families in the village. Significantly, only if this village
has demonstrated its cooperative behaviour and collective action through these milestones will
it be graduated to the Implementation Phase. According to Gram Vikas, a substantial proportion
of villages first approached about participating in the MANTRA programme do not complete
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the Motivational Phase. It is possible that the villages that do successfully complete the
Motivational Phase differ, in terms of CE, from the villages that do not.
Phase II. Implementation Phase. The Implementation Phase, which typically takes place over
18-36 months, consists of the construction of improved, on-site toilets and enclosed, on-site
bathing rooms in each household compound as well as the construction of the village-level
water tank, tower, and distribution system. Gram Vikas promotes a dual pit toilet with concrete
sludge diverter, stone or cement ring-lined pit (one metre deep, two feet below ground, and
one foot above ground). The user interface is a pour-flush toilet with one tap in the toilet facility.
The sanitation and hygiene block (Figure 3.4) is completed with an enclosed bathing room,
typically situated next to the toilet in the same block, and contains one additional tap or shower
head. The superstructure of these sanitation and hygiene facilities is comprised of seven-foot
walls and a six-foot tall door, with a one-foot gap for light and ventilation. Gram Vikas suggests
that the sanitation and hygiene block be within 12-15 feet from the last room in the homestead,
yet allows the households to select the siting of the facilities. Gram Vikas also encourages
households to plant banana trees over soak pits to mitigate issues with flood/back-logging that
may arise during monsoon season. In order to ensure high-quality construction of the facilities,
households hire a local, skilled mason to install the toilet and bathing room, but contribute their
own unskilled labour and locally available materials to complete the superstructure. Gram Vikas
helps procure and provides external materials, including PVC pipes and porcelain pans. This
process is supervised and overseen by a Gram Vikas Field Officer.

Figure 3.4 MANTRA-promoted sanitation and hygiene block.
Improved, onsite toilet and enclosed, on-site bathing room
infrastructure promoted via Gram Vikas’ MANTRA programme.
Photo: Gram Vikas via S. Thomas
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While the village is constructing these
household

sanitation

and

hygiene

facilities, a water tower and community
meeting hall, tank, and piped water
distribution system – bringing water to
every household in the village – are also
being constructed through village level
cooperation and collective action (Figure
3.5). During this phase, Gram Vikas also
works with and provides capacity building
trainings via village-based groups, such as
women’s self-help groups which focus on
microfinance,
trainings;

health,

leadership

and

hygiene

development

trainings for elected officials; schoolbased activities; and masonry (part of

Figure 3.5 MANTRA village water tower, tank. The village
water tower constructed with support from Gram Vikas
houses a tank on the top floor, and a village meeting room
on the bottom floor.
Photo: M. Delea

Gram Vikas’ livelihoods programme) and
hardware trainings. All households must
have an improved, on-site toilet and
enclosed, on-site bathing room before
the village enters the final stage of the
programme, the Completion Phase.
Phase III. Completion Phase. During the
Completion Phase, the water system is
turned on. Access to piped water is

Figure 3.6 Improved water, piped on-premise. The villagelevel water distribution system pipes water to three taps in
each household. MANTRA requires one tap to be placed in
the toilet (left), and one in the enclosed bathing room
(centre). The household decides where the third tap is
placed, but it is typically located in the kitchen (right).
Photos: M. Delea

provided to each household via three taps – one in the toilet, one in the bathing room, and a
third in the kitchen or household stand pipe (Figure 3.6).
3.4.2.2

Why examine collective efficacy when evaluating the MANTRA programme
intervention?

Gram Vikas spends up to 8-12 months carrying out its Motivational Phase, which serves to
target the programme toward villages that have demonstrated early signs of cooperative
behaviour and collective action. Therefore, the programming approach employed during the
subsequent Implementation Phase by Gram Vikas through MANTRA assumes villages have the
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ability and autonomy to set and pursue communal goals that the entire community will
contribute toward. Consequently, MANTRA performance targets are predicated on cooperative
behaviour and collective action. Unlike other social constructs, such as social capital and social
cohesion, CE pertains to and draws on behavioural control perspectives regarding a group’s
ability to set and pursue common goals as well as group performance and persistence.
Therefore, this construct was deemed to be more appropriate to examine via the MANTRA
evaluation than alternative social constructs.
While the matched cohort design selected for this study did not allow for causal inference, it
did allow for an investigation into whether CE-related factors were independently associated
with intervention status. It was also possible to assess CE in control communities to determine
innate levels of CE in villages in which the MANTRA programme had not been fully
implemented.

3.5

Sanitation, hygiene, and neglected tropical diseases in Ethiopia

3.5.1 Intervention context – Amhara, Ethiopia
With a population of 107.5 million people, approximately 80% of whom live in peri-urban or
rural areas [28], only 6% of all households in Ethiopia use an improved sanitation facility that is
not shared; an additional 9% use facilities that are shared, but otherwise improved [29]. Thirtynine percent of households residing in rural areas have no sanitation facility. The vast majority
(94%) of rural households that do use a sanitation facility use an unimproved latrine (55% of
which are pit latrines without a slab or open pit). These conditions are not suitable for safely
managing faeces, and keeping them isolated from contact with humans and other vectors.
When sanitation facilities are in place, they are often not maintained, as needed. A recent
outcome evaluation of community-led total sanitation and hygiene (CLTSH), the intervention
approach the Government of Ethiopia is scaling nationally, provides evidence of poor
operations and maintenance [30]. This evaluation indicated that, amongst the 2,035
households surveyed in 16 districts (woredas), only 20% of those in intervention woredas, and
21% of households in control woredas had repaired their latrines in the past one year.
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Water scarcity and resulting water insecurity is a common issue in Ethiopia as well [31]. Over
half of Ethiopians living in rural areas spend 30 minutes or longer collecting drinking water [29].
Recent droughts have only exacerbated these conditions. As a result, hygiene practices remain
poor in much of rural Ethiopia. These WASH conditions have contributed to enteric infections,
NTDs, and malnutrition in Ethiopia. For instance, diarrhoea contributes to more than one in
every 10 (13%) child deaths in the country [32]. Enteric infections caused by poor WASH
conditions and practices contribute to child malnutrition [14, 33]. In Ethiopia, 38% of children
aged less than five years are stunted, meaning they have a height-for-age z-score two standard
deviations from the median of the reference population [29]. Another 18% are severely stunted
(i.e., height-for-age z-score three standard deviations from the median reference population).
Twenty-four percent of Ethiopian children aged less than five years are underweight, meaning
they have a weight-for-age z-score two standard deviations below the median reference
population

[29].

Figure 3.7. Neglected Tropical Diseases and WASH
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Source: Water, sanitation, & Hygiene Online Manual Resource.

Within Ethiopia, Amhara National Regional State is a region in which WASH conditions are poor
and several NTDs are hyper-endemic [35]. Findings from the baseline of our Andilaye trial
indicate that while progress was made to improve sanitation coverage and utilisation through
CLTSH, behavioural slippage (i.e., relapse to unimproved water, sanitation and hygiene [WASH]
practices) is common [36]. This is the region in which the Andilaye trial, the anchor study of the
Ethiopian collective efficacy work, is being conducted.
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Data collected in Ethiopia were used to explore the dimensionality of CE, as a latent construct.
CE is a potential antecedent of importance for the adoption of cooperative behaviours being
promoted by numerous national-level programmes in Ethiopia. Since 2006, the Federal
Democratic Republic of Ethiopia’s Federal Ministry of Health (FMoH) has been implementing
community-based interventions at scale within its national Health Extension Programme (HEP).
For example, FMoH has leveraged the HEP, and included a community-led total sanitation and
hygiene (CLTSH) intervention as one of the 16 components of its Health Extension Package [37].
While FMoH’s CLTSH approach has undergone several iterations of revision, the Ministry has
been committed to implementing demand-side, community-based interventions to improve
WASH conditions within Ethiopia. Given the results of recent evaluations of CLTSH in Ethiopia
[30], our team is in the process of carrying out an ex-ante, parallel cluster-randomised
controlled trial evaluating the impact of an enhanced demand-side sanitation and hygiene
intervention on sustained behaviour change and health in Amhara, Ethiopia. As a result, there
was interest in developing and validating a CE metric that would allow for assessments of CE
over time, to determine whether and to what extent there is a causal relationship between CE
and the effectiveness of the Andilaye intervention, an enhanced community-based, demandside WASH intervention. Given the timing of the Andilaye trial, I am only able to present findings
on baseline assessments of CE (see comparison of factor scores in Research Paper 2). However,
future analyses of endline data, collected during March-April 2019, will allow an examination of
causal attribution via path analyses. This will allow us to test our hypothesis that there is a bidirectional, causal association between CE and intervention effectiveness via path analyses.
3.5.2 Anchor study details: Andilaye sanitation and hygiene trial
The Andilaye trial is a three-year assessment of the effectiveness of an enhanced, demand-side
sanitation and hygiene intervention on sustained behaviour change and health in Amhara,
Ethiopia. The purpose of the three-year study is to use formative research findings to inform
the integration of NTD-preventive components into existing community-based WASH
behaviour change approaches (CLTSH, and the HEP more generally) in Ethiopia, and to evaluate
the effectiveness of such an intervention on sustained behaviour change and mental well-being.
Monitored WASH-related, NTD-preventive behavioural outcomes are targeted toward specific
NTDs of interest, including soil-transmitted helminthiases (STH), intestinal nematode infections
spread through contact with larvae-contaminated soil, food, and water; trachoma, an eye
infection that can lead to visual impairment, which is caused by the bacterium Chlamydia
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trachomatis; and schistosomiasis, a trematode infection spread through contact with
contaminated stagnant water.
Given my involvement in the design, management, and writing up of the study proposal, field
protocols, baseline and midline reports, intervention design content, and other programmerelated documents, some of the text I present below is reflected in related study documents. I
wrote the majority of the text, however various members of the larger team did contribute and
provide feedback, as well.
The Andilaye Impact Evaluation is being carried out in Amhara National Regional State, a region
of Ethiopia in which WASH conditions are poor, behavioural slippage has been documented,
and several NTDs are hyper-endemic. As with the rest of Ethiopia, where CLTSH is being scaled
nationally, study communities have either been triggered with CLTSH or are scheduled for
triggering in the near future. Despite the absence of key NTD-preventive behavioural WASH
promotion, FMoH considers CLTSH its approach for addressing WASH components of NTD
programs and promoting other hygiene-related messages for control of enteric diseases.
The study was designed, and is being executed at a time when GoE and FMoH are critically
evaluating the nationally scaled HEP. As a result, our intervention design considered demandside sanitation and hygiene intervention approaches that could be considered as refinements
within the HEP if they demonstrated impact. However, we were cognizant of the fact that the
Health Extension Package utilised by the HEP has become saturated, and that HEWs are
constantly having more work added to their plates via the HEP. As a result, our intervention is
exploring the engagement and potential of alternative community change agents for
intervention delivery at the community level.
As a result of the national Health Extension Programme and its accompanying initiatives,
including CLTSH, the majority (92%, 46 of 50) of sub-district clusters engaged in the Andilaye
trial have undergone at least some initial engagement via community-based interventions.
However, our baseline findings indicated that adoption of behaviours promoted via previous
community-based interventions was either unsuccessful or unsustainable [36]. Establishing a
CE measurement scale in the early phases of the Andilaye trial allowed for the measure and
assessment of collective efficacy at baseline, prior to the implementation of a community-level
demand-side Andilaye intervention.
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The Andilaye team designed this impact evaluation as a parallel cluster-randomised, controlled
trail (RCT, with clusters defined as sub-districts [i.e., kebeles]) to allow for causal attribution and
quantification of intervention effects. The study assesses and tracks changes in sanitation and
hygiene behavioural antecedents (e.g., attitudes; perceived self- and collective efficacy; norms)
and behavioural outcomes, water and sanitation insecurity, respondent-reported diarrhoea,
and mental well-being at multiple time points. Along with general surveying and observation of
household members and WASH facilities, one index child 1 from each enrolled household2 is
being tracked closely, providing additional objective measures of improved NTD-preventive
WASH practices throughout the duration of the study. Longitudinal tracking increases study
power and reveals seasonal, secular, and other temporal variations in intermediate and
behavioural outcomes. Longer follow-up also provides more time to assess key health impacts,
and offers a longer perspective for examining externalities, cost-effectiveness, and the
sustainability of sanitation and hygiene behaviour change. Below, the intervention is
summarised, the control arm is described, and allocation rules are outlined. Finally, further
justification is provided for the examination of CE in the context of this trial.
3.5.2.1 Details regarding the Andilaye intervention – study arm intervention exposure
Andilaye, Amharic for “togetherness”, encompasses the sentiment of the theoreticallyinformed and evidence-based intervention developed as part of the Andilaye Impact
Evaluation. The Andilaye intervention is a demand-side sanitation and hygiene intervention that
incorporates NTD-preventive behavioural promotion; focuses on positive, community-oriented
motivators of behavioural change; promotes achievable incremental improvements; and
incorporates strategies that facilitate behavioural maintenance (i.e., prevention of behavioural
slippage or relapse back to unimproved behaviours). The intervention addresses issues related
to over-extension of health extension workers HEWs, and over-saturation of HEP messaging
through the engagement of additional community change agents as mechanisms for
intervention delivery. The intervention is based on recent work conducted by WSP, and
incorporates feedback from relevant stakeholders, including FMoH, ARHB, Zonal Health
Departments, Woreda Health Offices, WSP, and other key stakeholders, including formative
research community members.

1

‘Index child’ standard operational definition: The youngest child in the household who is greater than one year of
age, but less than ten years of age.
2
‘Household’ standard operational definition: A person or group of related or unrelated persons who usually live
together in the same dwelling unit(s), who have common cooking and eating arrangements, and who acknowledge
one head of household.
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Andilaye intervention functions were informed by theory and designed to address key drivers
and barriers identified from the problem and solution trees derived from our formative
research data and stakeholder-generated interpretations thereof. Through a formal
intervention mapping process, we identified theoretically-grounded and evidence-based
intervention techniques specifically designed to address the behavioural antecedents and
determinants represented by the problem and solution tress. Our formative work also indicated
that perceptions related to self- and collective efficacy are important mediators of uptake of
community-based interventions. As such, the overarching intervention motto, Together, we can
be a strong, caring, healthy community, and related intervention functions work to improve
individual and community-level agency (i.e., enhance self- and collective efficacy). The motto
offers an aspirational message that emphasises the need for collective action to make positive
change in one’s community.
3.5.2.2

Description of the control arm

The comparison group will receive current standard of care sanitation and hygiene
programming (i.e., interventions related to FMoH’s current CLTSH model). Any other
intervention in comparison communities is being limited, and we are working with government
partners to ensure this is the case. Table 4.1 outlines differences between the Andilaye
intervention and the current CLTSH model.
Table 3.1 Sampling, per study arm – Andilaye trial
INTERVENTION ARM
Andilaye intervention

CONTROL ARM
Standard of care sanitation & hygiene (i.e., CLTSH)

1-3 sentinel gott(s) from each of 25 randomly
selected kebeles, ~30 randomly selected households
enrolled in each kebele

1-3 sentinel gott(s) from each of 25 randomly
selected kebeles, ~30 randomly selected households
enrolled in each kebele

A demand-side sanitation and hygiene intervention that
incorporates NTD-preventive behaviours, focuses on
positive, community-oriented motivators of behavioural
change, promotes achievable incremental improvements,
and incorporates strategies that facilitate behavioural
maintenance (i.e., prevention of behavioural slippage or
relapse back to unimproved behaviours).

The Andilaye team will not attempt to modify the
government’s roll-out of its CLTSH model. Therefore,
comparison communities may receive interventions related
to FMoH’s CLTSH model. We will work with our government
partners to minimize other WASH interventions in our
comparison communities, to the greatest extent possible.

3.5.2.3

Randomisation: allocation rule for intervention and comparison groups

Following baseline data collection, we used a stratified random design to assign study kebeles
to either the intervention or comparison arm. Within each stratum (woreda), we used a random
number generator to generate a random number between zero and one for each kebele
(cluster), and then ordered each kebele by the randomly generated number in ascending order.
We then partitioned the communities within each woreda into two equal sizes, assigning the
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first half of kebeles to the intervention arm and the second half to the control arm. We used
replacement randomization [38] to secure balance across three key variables (latrine coverage,
washing station with soap coverage, and head of household education). Because clusterrandomised trials, particularly trials with a small number of clusters, often have individual-level
imbalances between arms, we established a priori that the intervention and control mean
values for these three variables should be within two standard deviations of the overall variable
means. The randomisation process described above was repeated (twice) until these variables
were balanced according to that a priori criterion. Figure 3.8 provides a summary of the study
flow.

Figure 3.8 Flow chart indicating kebele eligibility, randomisation, allocation, and follow-up

While allocation occurred at the kebele level, we are only collecting data in one to two sentinel
gotts per kebele, purposively selected to minimize spillover. The number of sentinel gotts per
kebele in which data are collected depended solely on the number of eligible and consenting
households (i.e., if less than 30 eligible and consenting households were present in one gott,
data collection took place in a second sentinel gott as well in order to obtain the minimal
required sample size per kebele cluster). Monitoring occurred on a quarterly basis.
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After enrollment and baseline survey administration, we randomly allocated kebeles to either
the intervention arm to receive the intervention, implemented in collaboration with the
Woreda Health Offices, HEWs, HDAs, and other community change agents, or to the
counterfactual (control) arm to receive “standard of care” (current sanitation and hygiene
programming, including potential roll-out of the current CLTSH intervention in woredas and
kebeles in Amhara per the existing FMoH implementation protocol). As this study is operating
in an area where CLTSH is being rolled out nationally, we are not interfering with established
CLTSH roll-out and implementation protocols. While we cannot be sure that our comparison
communities will not receive further CLTSH interventions during the course of the trial, any such
further implementation of the current CLTSH interventions would only bias effect estimates
toward the null. Communities allocated to the comparison arm may receive the Andilaye
intervention at a later time point.
3.5.2.4

Why examine collective efficacy when evaluating the Andilaye intervention?

We are examining collective efficacy under the auspices of the Andilaye trial as part of our
examination of behavioural antecedents and other behavioural mediators of Andilaye
intervention uptake. This inquiry will allow an investigation of causal determinants of
behavioural change and maintenance over time, and identification of mechanisms that lead to
behavioural change. There is utility in employing such an approach, as it will help determine not
only if, but how, and why the intervention was successful, and in which contexts.
As indicated above, our formative work indicated that behavioural control perceptions related
to self- and collective efficacy were mediators of prior community-based interventions (e.g.,
CLTSH). The Andilaye motto leverages positive messaging about the community’s capacity to
engender change, and several of its intervention functions focus on improving behavioural
control perceptions at the community (i.e., collective efficacy) and individual (i.e., self-efficacy)
levels.
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Chapter 4: Collective efficacy: Development and validation of a measurement
scale

4.1

Chapter overview

Context-specific collective efficacy scales were developed for both the Gram Vikas MANTRA
impact evaluation in Odisha, India, and the Andilaye trial in Amhara, Ethiopia. This chapter
presents information related to the five-step, sequential exploratory and confirmatory
approach used to develop, refine, and validate all theoretically-grounded and evidence-based
collective efficacy scales. Research paper 2 goes into detail regarding this process, highlighting
work from the Andilaye trial. As previously mentioned, data captured during the Andilaye trial
were highlighted in Research Paper 2 given the dataset was more nuanced. The following
circumstances contributed to this: 1) donors funded a formal six-month formative research
phase, during which additional time and resources were dedicated to examine additional CE
factors; 2) a more comprehensive survey was used; and 3) lessons learnt from the Gram Vikas
MANTRA work in India were applied to the Andilaye work. Details related to the development,
refinement, and validation of the collective efficacy scale developed for the rural Odisha context
are presented in Chapter 5.

4.2

Framing of research questions

Before assessing whether and to what extent CE is an antecedent of collective behaviour, it was
necessary to develop, refine, and validate a CE scale. Therefore, the aim of the research
presented in this chapter was to develop a metric to quantitatively assess CE in a manner that
would allow for future assessment of related factors as potential antecedents of collective
behaviour, and uptake of improved WASH practices. To achieve this aim, a systematic and
widely accepted scale development process [1] was adapted and used.
4.2.1

Research Paper 2 objectives

The primary objective of Research Paper 2 was to elucidate the underlying structure of CE
through the development, refinement, and validation of CE measurement metrics. For the
particular study highlighted in the research paper presented in this chapter (i.e., the Ethiopia
Andilaye CE study), CE measurement models were created to assess pre-intervention
behavioural control perceptions at baseline to evaluate the effect of CE factors on the uptake
of the Andilaye intervention at endline.
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The specific objectives of this research were to:
1. Examine the underlying structure of collective efficacy and its constituent subconstructs;
2. Ascertain whether there was evidence to support the hypothesis that CE could be
measured quantitatively with high construct validity; and
3. Determine whether there were differences in the measurement of CE between various
sub-groups.
4.2.2

Research questions

Three specific research questions were investigated in this study:
RQ1. Which sub-constructs (e.g., constituent domains, factors/dimensions, and facets) are
salient for measuring collective efficacy in the rural Ethiopia context?
RQ1a. Do the factor solutions generated by our CE scale support our theorised
conceptualisation of CE (i.e., do the statistics generated by the factor solutions
support our theorised construct dimensionality)?
RQ1b. If alternative factor solutions emerge from EFA-derived solutions, are they
substantiated by existing theory and evidence?
RQ2. Are the psychometric characteristics of the resulting CE measurement models compelling
in terms of their ability to demonstrate construct validity, or the degree to which the
scale measures what it purports to measure?
RQ3. Are there important differences in the measurement of CE between Ethiopian men and
women, and households in which an individual with leadership status in a community
structure resides vs. those in which no leaders reside?
4.2.3

Related hypotheses

In the context of these research questions, the following hypotheses were tested:
Hypothesis 1: The statistics generated by the factor solutions derived from our empirical data
will support our theorised construct dimensionality
Hypothesis 2: The CE measurement models produced via factor analytic methods will
demonstrate high construct validity
Hypothesis 3: Given their status, mobilisation, and inclusion within their communities, men
will have higher perceptions of behavioural control and related factors than
women, leaders than non-leaders
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4.3

Summary of collective efficacy scale development process – From India to
Ethiopia

A five-step sequential exploratory approach was used as the general scale development,
refinement, and validation process for all collective efficacy scales produced via this thesis.
Justification for the selection of this process is present in section 4.4 Development of
methodology. Research Paper 2 provides a detailed account of the methodology employed.
Below, I provide a brief summary of the process and each step, and explain how and why
context-specific CE scales were developed from data collected via the two larger anchor studies
indicated in Chapter 3 (i.e., the Gram Vikas MANTRA evaluation and the Andilaye trial).
4.3.1

General scale development process

Figure 4.1 provides a visual representation of the scale development, refinement, and validation
process.
Figure 4.1 Five-step CE scale development, refinement, and validation approach
Step 1. Define
CE construct

Step 2. Design &
refine CE scale

Step 3.
Administer CE
scale

Step 4. Perform
psychometric
analyses

Step 5.
Test hypotheses

Adapted from Spector 1992

In summary, the first phase of the process entails defining the CE construct. This includes a
review of the theoretical and empirical literature, and established frameworks related to
various social constructs to identify the different concepts (i.e., sub-constructs) used to define
the various constructs [1, 2]. Sub-constructs were then grouped into their respective
dimensions, and the various dimensions were grouped into three higher-level domains. These
various groups of sub-constructs were then pieced together to create a hypothesised CE
framework.
Next, the CE survey instrument was designed. In order to develop a first draft of the CE survey
instrument, an item pool was established from existing social construct surveys and scales. This
included items from The World Bank Group’s Social Capital Assessment Tool [3], Catholic Relief
Services Social Capital Survey, CARE’s WE-MEASR women’s empowerment tool, and items from
the collective efficacy tool developed by Sampson and colleagues [4]. Once the item pool was
established, we coded items under each CE dimeson, removed repetitive items, designed new
items to fill gaps under certain dimensions, and re-structured all survey prompts to ensure they
worked well with a 5-point Likert-type response format [1].
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Once we had a draft CE survey in hand, it was necessary to conduct cognitive, in-depth
interviews [5] to gauge the participant’s comprehension and understanding of each survey
item, or prompt. We employed ‘think-aloud’ and probing techniques to obtain this information
related to the participants’ understanding of the meaning of the survey items (i.e., assess face
validity) and general feedback regarding the appropriateness of context-specific examples. This
process helped ensure that each survey item tapped to the desired sub-construct within our
framework, and allowed us to determine whether there was early evidence regarding the
substantive aspects of construct validity [6].
This cognitive validation process was performed for each of the two distinct studies. In India,
we conducted ten cognitive interviews in both intervention and control villages. The interviews
were conducted in Oriya, the local dialect, by trained research assistants. They were audiorecorded and transcribed directly into English. Field notes, debriefings, and team discussions
resulted in daily refinements, which were tested during subsequent interviews conducted
during subsequent days. An applied version of content analysis [7] guided the refinement
process. In Ethiopia, an iterative cognitive validation process was carried out, during which an
initial round of four cognitive interviews (three women, one man) were carried out. A second
phase of cognitive interviews (four women, three men) was subsequently carried out to pilot
the revised survey.
After refined, context-specific surveys were developed, they were employed in each respective
study. See Research Papers 2 (Ethiopia) and 3 (India) for details related to survey administration.
Steps 4 and 5 of the scale development, refinement, and validation process comprise the
analytical phase of the process. As indicated in section 4.4 and in Research Papers 2 and 3, a
factor analytic approach, comprised of exploratory and confirmatory factor analyses, was
selected as the psychometric analytical methods. Hypotheses regarding men’s and women’s
factor scores were tested via Multiple Indicator Multiple Causes (MIMIC) modelling. Further
details related to these methods are provided below and in Research Paper 2.
The CE inquiry carried out for this thesis initiated in India. Lessons learnt through that process
were applied to the Ethiopia CE study. Additional formative work was carried out in Ethiopia as
well. This additional formative work consisted of four focus group discussions (two with women,
two with men) conducted to explore concepts related to our hypothesised CE framework and
real-life examples thereof.
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4.3.2

Development of context-specific scales

Colleagues developing water insecurity scales have advocated for the development of contextspecific scales [8-10]. Like them, those of us who worked on the development of the CE scale
presented in Research Papers 2 and 3 recognise that collective behavioural factors are often
highly dependent on the local context. Socially-influenced CE sub-constructs may be influenced
largely by context-specific political economies and social schemas. For instance, factors related
to empirical and normative expectations regarding cooperative behaviour that likely inform
perceptions about agentic concepts such as self- and collective efficacy are steeped in rich
historical and cultural traditions that may not be comparable on a global scale.
Therefore, instead of developing a CE scale in one context (e.g., India) and carrying it over to
the other (e.g., Ethiopia), I discussed with my colleagues, and we agreed to create two separate,
context-specific scales. I believe this is an important decision to have made in the infancy of
these CE scales. There was considerable overlap in the surveys and scales between contexts,
and even work conducted by a Master’s student in Cambodia who I helped advise indicated
numerous commonalities with the scales developed in India and Ethiopia. As work on CE moves
forward and more context-specific scales are developed, we will have more information to
determine whether a standardised, global CE scale can maintain high construct validity.
Despite the preference for context-specific scales, the 26-item parsimonious scale presented in
Research Paper 2, or the longer 50-item survey presented therein can certainly serve as the
foundation for a survey that programme implementers and researchers can use presently.
When the CE scales put forward in this paper are used, they must be adapted to the local
context. Items related to endogenous and exogenous community structures should be
contextualised, as should other tangible examples presented in some of the prompts. I also
highly encourage cognitive validation of any tool prior to broad scale deployment.

4.4

Development of methodology

The five-step scale development process utilised for this thesis work was adapted from Paul E.
Spector’s summated rating scale construction process [1]. Spector’s scale development process
was selected as a guide for this work because it provides a clear, step-wise approach that
emphasises the need to create a specific construct definition and establish substantive
justification during the first two steps of the process. These steps were viewed as desirable
because they would allow the team to develop a theoretically-grounded hypothesised CE
framework that could later be tested via a factor analytical approach. Spector also underscores
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the need to have respondents ”critique the scale” [1]. In other words, he emphasises the need
to perform cognitive validation to ensure consistency between the intended meaning of the
survey items and participants’ understanding regarding what the survey items convey (i.e.,
assess face validity). This resonated with the scale development team given we felt strongly that
formative work was necessary prior to large scale deployment of the draft survey instrument.
This formative work would allow us to: 1) ensure all survey items were locally appropriate, 2)
give a voice to individuals similar to our study participants, and 3) allow them to provide
feedback on the survey item prompts. This process would help confirm that each survey item
tapped to the desired sub-construct within the hypothesised CE framework. While there are
several methodologists who stress the importance of establishing substantive justification of
the hypothesised framework [11] and performing cognitive validation [12], some
methodologists focus more on the psychometric analysis steps of the scale development and
validation process, and often under-emphasise these early formative steps.
Below, additional details regarding specific methodological decisions are presented to provide
justification for more specific methodological decisions made during the scale development,
refinement, and validation process.
4.4.1

Psychometric analyses and collective efficacy scale development

Several psychometric methods are available to facilitate the measurement of latent constructs
that cannot be directly observed or measured. Prior to the execution of psychometric analyses,
several different methods were considered, and a factor analytic approach was selected for the
purposes of this research. Below, a summary of factor analysis is provided along with a brief
explanation regarding the rationale for selecting a factor analytic approach over other methods.
4.4.1.1 Factor analysis as a positivist approach for CE scale development and validation
Factor analysis was selected as the psychometric method for scale development for this body
of work. In a factor analytic framework, latent constructs are measured through the analysis of
related manifest, observed variables (e.g., survey items), or indicators that represent certain
aspects of the latent construct [13]. Factor analyses represent multivariable statistical
procedures that aim to elucidate the number of latent factors and the relationships between
those factors that explain the variation and covariation of the manifest variables measured
through methods such as surveys [11]. Measurement models are used to estimate the
relationships between observed measures and latent factors. A typical measurement model is
the common factor model, which assumes that each indicator in a set of observed measures
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taps to, or reflects an underlying latent factor, or more specifically, a linear function of one or
more common factors and one unique factor [11, 14, 15].
As set out in work presented by Bollen and summarised by Steinmetz [14]:
Latent variables explain the variance in a given indicator and the covariance amongst
a set of items that tap to that latent factor. This relationship is expressed
mathematically through the following common factor equation:
𝜲𝜲𝒊𝒊 = 𝝀𝝀𝒊𝒊 𝝃𝝃 + 𝜹𝜹𝒊𝒊

( 4.1 )

where the observed indicator item Χi represents the ith item in a survey instrument,
and is explained by a latent variable ξ, which influences the outcome with factor
loading λi, and is affected by a measurement error δi [11, 14].
Spearman proposed this unidimensional (i.e., single-factor) model, which assumes
all observed item indicators measure one common factor [14]. When the equation is
extended to include location parameters, (e.g., indicator intercepts [τi]), factor
loadings (λi) represent regression coefficients that indicate the pattern of item-factor
relationships [11] with the latent variable ξ, with residual δi [14].
𝑬𝑬(𝜲𝜲𝒊𝒊 ) = 𝝉𝝉𝒊𝒊 + 𝝀𝝀𝒊𝒊 𝑬𝑬(𝝃𝝃) + 𝑬𝑬(𝜹𝜹𝒊𝒊 )

( 4.2 )

Thurstone then extended the unidimensional model, and proposed a
multidimensional (i.e., multiple-factor) model [15]. This model structure expresses
the variation and covariation amongst observed item indicators as a function of
factors and residuals:
𝒚𝒚𝒊𝒊𝒊𝒊 = 𝒗𝒗𝟏𝟏 + 𝝀𝝀𝟏𝟏𝟏𝟏 𝜼𝜼𝒊𝒊𝒊𝒊 + 𝝀𝝀𝟏𝟏𝟏𝟏 𝜼𝜼𝒊𝒊𝒊𝒊 + ⋯ + 𝝀𝝀𝟏𝟏𝟏𝟏 𝜼𝜼𝒊𝒊𝒊𝒊 + 𝜺𝜺𝒊𝒊𝒊𝒊

( 4.3 )

where νj represents the intercept, λjk are factor loadings, ηik are factor values, and εij
are residuals with zero means and correlations of zero with the factor [16].
In accordance with a positivist approach, we turned to a multidimensional factor analytic
approach to develop a measurement scale for collective efficacy, and examine its construct
validity [17]. While our CE scale development approach was largely positivist, we did
incorporate qualitative research components into our larger examination of CE in order to
assess the cognitive validity of our scale, iteratively refine it prior to administration, and
interpret the quantitative results (e.g., factor loadings, factor scores).
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There are two main types of analyses that are based on the common factor model – exploratory
factor analysis (EFA) and confirmatory factor analyses (CFA) [11]. These types of analytical
methods utilise matrix algebra to generate statistics used to reveal the underlying factor
structure related to a latent construct [18]. In the factor analytic context, a factor is a
mathematic descriptor summarising the relationships that exist amongst a set of items. Each
factor is represented by a vector in a geometric space that contains as many dimensions as
factors revealed in the relevant factor solution [13]. Figure 4.2 provides a visual depiction of
this, using the initial hypothesised, pre-analysis collective efficacy factor structure.
Figure 4.2 Hypothesised collective efficacy model framework

Agency

As its name indicates, EFA is an exploratory, descriptive analytical method employed to
determine the number of common factors in a measurement model, and identify which
measured variables are reasonable indicators of the latent construct of interest [11]. The goal
of EFA is to reduce the set of input indicators required to measure the latent construct of
interest [11]. EFA represents an assessment of a correlation or covariance matrix. The relevant
matrix is examined in order to assess the size and differential magnitude of factor loadings to
make determinations regarding a latent construct’s underlying (i.e., factor) structure (i.e.,
identify indicator items, with salient loadings, that are important for the measure of the latent
construct).
CFA, on the other hand, is an evaluation approach that allows for direct testing of hypothesised
factor solutions to assess the appropriateness of these factor structures (i.e., determine
construct validity, falsify hypothesised models). This method is often used to validate a prespecified factor solution by testing how well the designated number of factors and pattern of
indicator-factor loadings reproduces the sample matrix of the measured variables [11]. While
the method cannot prove that a measurement model is “correct”, it can provide evidence that
indicates a failure to reject or falsify the hypothesised model. In other words, CFA can be used
to validate a measurement scale, or more specifically, assess construct validity (i.e., determine
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whether the hypothesised scale measures what it intends to measure). It also has the ability to
estimate the relationships amongst variables while adjusting for measurement error [11].
4.4.1.2 Rationale for selection of a factor analytic approach
There are three main psychometric measurement theories, which have produced various
methods. These theories are outlined and compared below.
Classical test theory (CTT). CTT, also known as “true score theory” [19] is based on the
presumption that the measurement of a latent construct requires only that numbers are
assigned according to some rule. For example, CTT models use covariance or correlation
matrices to derive test scores given the theory assumes that the raw scores generated from test
assessments represent measurements of the latent construct [19].
This theory is concerned with overall test scores, which reflect true scores, and assumes that a
score derived from an assessment of a latent construct is the sum of an error-free “true score”
and an error score. While CTT recognises the presence of errors in measurements, and
conceptualises error as a random variable, respondent and test characteristics cannot be
disentangled from each other, but rather, they can only be assessed in the context of each other
[20]. Some might argue that a lack of consensus regarding cut points for factor retention, and
heavy or exclusive reliance on mathematically-based Kaiser-Guttman rule (i.e., eigenvalue > 1.0)
is another limitation of the theory [21]. Despite these limitations, CTT represents a longstanding, and well-recognised psychometric theory and related analytical approach. Item
response and Generalisable theory represent more recent and sophisticated models, yet have
their own uses and limitations that should be considered before one settles on a
methodological approach for psychometric analyses.
CTT includes linear modelling approaches, such as the suite of analytical methods that comprise
factor analyses. Factor analyses represent procedures that utilise covariance and correlation
matrices to explain common variance in order to evaluate the extent to which items measure a
latent factor. They are the methods used to reveal the underlying dimensions emerging from
the data. The purpose of the factor analytic approach is to determine which latent factors create
commonality in the data [22].
Why factor analysis and not principal components analysis (PCA)? PCA and EFA are related,
but distinct [23] in that rely on a different set of quantitative methods. Unlike factor analytic
methods, PCA methods are not based on the common factor model [11]. PCA does not
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differentiate between common and unique variance. Instead, it seeks to account for the
variance in observed measures as opposed to explaining the correlations amongst them [11].
Therefore, PCA is better suited for item or data reduction, while EFA is better suited to reveal
and explain the underlying structure, or relationships between items and factors. While the
literature will indicate that PCA is a method used by some to develop scales, the scales
developed through this approach “are typically not very good from a psychometric point of
view” given PCA may not account for a considerable amount of variance for a factor [23].
Item response theory (IRT). IRT is comprised of a group of measurement models used to explain
the connection between observed item responses on a scale and an underlying construct. With
IRT, mathematical equations that employ a non-linear monotonic function are used to describe
associations between a subject’s given level of the latent construct and the probability of a
particular response being selected [22]. This theory allows for joint scaling of the respondent
and the survey item.
IRT is concerned with item scores and ordering items along a latent trait, as opposed to being
concerned with test scores and explaining variance, which is the case with CTT. IRT modelling
approaches include non-linear modelling approaches [20]. Rasch, Mokken, and graded
response modelling, are some IRT methods. Rasch and Mokken models are both special cases
of item response models. Rasch scales represent models in which the item parameter
represents the difficulty of the items, and the person parameter represents the ability or
attainment level of the respondent. This type of model assumes all items have the same
response function, meaning they are equivalent in terms of discrimination, and therefore result
in identical factor loadings for all items. Rasch modelling obtains data that fit a specified model,
whereas other statistical modelling approaches modify, accept, and reject parameters based on
how well they fit the data [24]. Mokken models represent unidimensional scales that consists
of items ordered according to their difficulty, which are intended to measure the same
underlying construct. There are similarities between Rasch and Mokken models, but Rasch
models assume all items have the same item response function [22].
Unlike CTT methods, IRT methods do not assume equal precision, or measurement invariance
across the range of test scores. Measurement invariance assumes that the probability of
selecting a given item response category is comparable across groups, given similar levels of the
latent construct being measured [25].
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Generalisable theory (G theory). Simply put, G theory is a statistical theory used to evaluate
the reliability of behavioural measurements [26]. G theory emerged to address limitations
regarding undifferentiated error in CTT, which some methodologists criticise as being overly
crude characterisations of potential and actual sources of measurement error [27]. In response,
Generalisable theory extends earlier analysis of variance approaches for assessing reliability by
estimating score variation attributed to different sources of systematic and unsystematic error,
such as variation arising from each person, facet, or person-facet interaction [27].
Based on this information, I determined that CTT was the most appropriate methodological
approach for this thesis research. This decision was based off of two primary considerations: 1)
one objective of this thesis research was to elucidate which sub-constructs (i.e., constituent
domains, factors/dimensions, facets) were salient for measuring CE, and the structure thereof;
and 2) my interest in measuring CE through its constituent factor scores. A factor analytic
approach was of particular interest given CFA also provides a more flexible approach than IRT
in that it allows for: 1) multidimensional measurement models, 2) continuous covariates and
categorical variables to be used, 3) the direct effect of the covariate to be modelled on the
latent factor, and 4) the method to incorporate error theory (i.e., measurement error
covariances) [28]. While there were advantages to IRT methods when they first emerged,
mathematical solutions are now in place to address previous issues the factor analytic approach
had with handling categorical and non-normal data (e.g., estimators such as weighted leastsquares with mean and variance adjustments [WLSMV] are now available to handle such data)
[16]. Given these considerations, I felt a factor analytic modelling approach was appropriate for
performing psychometric analyses, construct validation, and measurement invariance
evaluation.
4.4.2

Gendered approach to collective efficacy examination

Both measurement scale development and validation were of primary concern for these
analyses, as was ascertaining whether there are important differences in CE measurement
characteristics amongst men and women. As such, a two-pronged approach was employed to
compare CE measures between men and women. In summary, single-group, gender-specific
analyses were carried out separately on men’s and women’s input matrices to identify the
mechanisms through which CE operates for each gender, while multiple-group CFA and MIMIC
modelling were performed to examine differences in factor loadings and differential item
functioning (DIF). These initial analytical steps would permit an examination of the mechanisms
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through CE operates differ by gender (i.e., the underlying structures of collective efficacy differ
between men and women).
More specifically, subsequent to generating single-group, gender-specific CE measurement
models, we examined the factor solutions to determine whether there were important
differences regarding the number and nature of the factors indicated by the two models. Given
considerable overlap of factors and items between gender-specific models, a single,
parsimonious CE scale was examined further. For this examination, multiple-group analyses
that allowed both men’s and women’s input matrices to be analysed simultaneously were
carried out to compare factor loadings between genders. Finally, additional hypothesis tests
were performed to examine measurement invariance and test for DIF between men and
women in the presence of other pertinent model covariates.
DIF, or measurement non-invariance challenges measurement invariance, and occurs when
people from different groups (e.g., men, women) with similar levels of the latent construct have
different probabilities of responding to an item in a certain way [29]. It was important to assess
the measurement invariance of our CE scale, and determine whether there was evidence of DIF
between male and female respondents. DIF needs to be identified and addressed because it
influences the probabilities of selecting response options related to those items, therefore
biasing item responses and potentially confounding the interpretation of the observed variables
[25, 30]. In other words, items with DIF may threaten the validity of a scale to measure levels
of the underlying latent construct amongst members of different sub-groups.
The gendered approach to CE examination revealed important differences between CE
mechanisms and factor scores generated by men’s and women’s datasets. These findings have
programme implications related to both intervention content and implementation approaches.
These and other related considerations are examined and discussed in Research Paper 2.
4.4.3

Sample size considerations

Given factor analytic methods are not intended to be used to draw inferences, sampling theory
is not necessary for determining whether a sample is of sufficient size to obtain accurate factor
solution parameter estimates (e.g., pattern [factor loadings] and structure coefficients).
Alternatively, the characteristics of the sample population and the data are important for
determining whether the sample is of sufficient size [31]. General rules of thumb for
determining sufficient sample size for factor analyses, which draw on empirical evidence and
take into account the complexities of factor analyses include participant to item ratio, the ideal
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of which would be in the range of 10:1 – 20:1, though ratios of as low as 5:1 reflect the minimal
threshold of acceptability [32].
4.4.4

Justification for exploratory factor analysis procedures

Research Paper 2 presents information regarding the exploratory and confirmatory factor
analyses that yielded three collective efficacy scales. Below, additional information is provided
to further justify related methods and modelling decisions.
4.4.4.1 Extraction method
Factor extraction represents the process by which model parameters such as pattern and
structure coefficients and factor inter-correlations are estimated [31]. Conventional EFA relies
on analyses of a Pearson correlation matrix to estimate these parameters. The Pearson
correlation matrix maintains two assumptions: 1) the data have been measured on an equal
interval scale, and 2) a linear relationship exists between the variables [33].
The use of polytomous rating scales (i.e., ordered categorical response scales of more than two
levels), such as the five-point, Likert-type response format used for this study, typically results
in the violation of these assumptions [34]. Pearson correlations tend to underestimate the
strength of the relationships between ordinal items, and result in spurious multidimensionality
and biased factor loadings [35]. However, evidence suggests that employing a polychoric
correlation matrix – a completely standardised variance-covariance matrix and extension of the
tetrachoric correlation matrix – instead of a Pearson correlation matrix results in a solution that
more accurately reproduces the measurement model used to generate the data [36]. For these
reasons, and given the ordinal nature of the response scale accompanying our collective efficacy
scale, we utilised a robust WLSMV estimation method based on assessments of polychoric
correlation matrices [33, 37]. A sandwich estimator, applied through the use of complex EFA,
was employed to adjust for non-independence of observations within 50 kebele clusters [38].
4.4.4.2 Rotation and rationale
We hypothesised a multifactorial model with correlated items. As such, it was necessary to
identify a technique for rotating the initial factor matrix in order to obtain a simple structure.
An oblique rotation was indicated due to hypothesised item correlation, and Promax was
selected as the specific oblique rotation method for these analyses. Several factors influenced
the selection of the Promax rotation, including the fact that the rotation raises loadings to a
power of four, which produces higher correlations amongst factors and attains a simple
structure, and its ability to reach a solution more quickly than the Direct Oblimin rotation [39].
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4.4.4.3 Factor retention and item elimination
Mathematically-focused factor extraction methods have a tendency to under- or over-estimate
the number of factors in a solution [11, 39, 40]. The results of scree tests are often ambiguous
(e.g., no clear shift in the slope) and subject to interpretation [11]. As a result, I used a
combination of mathematical (i.e., eigenvalue-based Kaiser-Guttman rule), heuristic (i.e., scree
plot), statistical (i.e., model fit statistics), and substantive justification to guide factor retention.
That said, I was not able to perform more rigorous procedures (e.g., parallel analysis - [41, 42])
to confirm that I extracted the correct number of factors, as these analyses are not available for
categorical data in Mplus [16].
4.4.5

Factor score calculation methods and future application

It was important to calculate quantitative measures of CE, in the form of factor scores, for this
thesis research, as doing so would allow for future application of CE measures. However, these
measures are not just useful for research, as they may be used by implementers for programme
targeting. For instance, programme implementers often perform some type of rapid
assessment or vetting of communities to determine whether they are appropriate for
programme engagement. The CE scales presented in Research Paper 2 can be adapted and
utilised to help improve targeting of communities for programme intervention. Communities
scoring relatively low on social disorder and high on social response, common vision,
associational participation, and community organisation may be more open to and ready for
change, and diffusion of innovations amongst its members [43]. From an evaluation
perspective, the CE scales and resulting factor scores may also serve as diagnostic tools to
examine community-level factors associated with intervention effectiveness or lack thereof.
Given the potential for broad application of the CE scales, it was important to demonstrate to
a larger programme audience, that may be less suited to perform sophisticated modelling and
weighting of factor scores that only simple summations or averages of factor scores may render
the CE factor scores useful. Rather simple, unsophisticated (i.e., coarse) methods were used to
calculate factor scores to make the process more accessible. Given factor loadings indicated a
range of magnitudes, thus indicating the relative proximities of the relationships of each item
to its respective factor, weighted factor scores were also presented in order to provide slightly
more sophisticated data analyses for the purposes of peer-reviewed publication. In addition to
Figure 1 presented in Research Paper 2, Table 4.1 included at the end of this chapter present
both unweighted and weighted factor scores.
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4.5
4.5.1

Collective efficacy scale development and validation
Preamble for Research Paper 2

Research Paper 2 presents details regarding the five-step scale development and validation
process utilised to construct all CE measurement models. The paper highlights this process,
using the data collected in Ethiopia via a baseline survey for the Andilaye trial. The aim of this
paper was to explore the underlying structure of collective efficacy in rural Ethiopia. A gendered
approach was employed, in which separate CE scales were developed for men and women in
order to examine the specific mechanisms through which CE operates for men and women.
Given there was considerable overlap between these gender-specific scales, a parsimonious CE
scale that included factors reflected in both gender-specific scales was then identified and
tested. Item functioning between men and women as well as respondents with leadership roles
in the community and those without was then assessed on the parsimonious model to
determine whether different groups of individuals with similar levels of the latent construct
have different probabilities of responding to an item in a certain way [29]. This paper concludes
with a discussion of findings regarding the factors emerging in the CE scales, and focuses on
implications for the design, targeting, and evaluation of community-based interventions.
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Abstract: Impact evaluations of water, sanitation, and hygiene interventions have demonstrated
lower than expected health gains, in some cases due to low uptake and sustained adoption of
interventions at a community level. These findings represent common challenges for public health
and development programmes relying on collective action. One possible explanation may be low
collective efficacy (CE)—perceptions regarding a group’s ability to execute actions related to a
common goal. The purpose of this study was to develop and validate a metric to assess factors
related to CE. We conducted this research within a cluster-randomised sanitation and hygiene trial
in Amhara, Ethiopia. Exploratory and confirmatory factor analyses were carried out to examine
underlying structures of CE for men and women in rural Ethiopia. We produced three CE scales: one
each for men and women that allow for examinations of gender-specific mechanisms through which
CE operates, and one 26-item CE scale that can be used across genders. All scales demonstrated
high construct validity. CE factor scores were significantly higher for men than women, even
among household-level male-female dyads. These CE scales will allow implementers to better
design and target community-level interventions, and examine the role of CE in the effectiveness of
community-based programming.
Keywords: collective efficacy; WASH; behaviour change; gender; behavioural control; collective
action; cooperative behaviour; community-based interventions; factor analysis

1. Introduction
It has become commonplace in international development to intervene in communities with
interventions that require collective action without first gauging the communities’ perceptions
regarding their ability and autonomy to engender and maintain change. Such is the case with many
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water, sanitation, and hygiene (WASH) interventions, some of which require collective action before
first assessing whether reliance on shared agency is a realistic expectation, others of which neglect
to address important factors of collective behaviour. This, perhaps, may be an artefact of common
programme approaches that tend to address independent, individual and household-level behaviours
while aiming for change at higher levels, such as villages, communities, or other collectives of people.
Yet, in order to facilitate interdependent adoption of improved collective behaviours, evidence suggests
it is important for interventions to address underlying factors that facilitate action and change at
those levels [1–4]. Overlooking or underestimating the role of collective behavioural factors, such
as behavioural control perceptions (e.g., agency-related factors such as self- and collective efficacy)
and social schemas (e.g., social norms) in the uptake of community-based interventions may, in turn,
attenuate intervention impact [2,4].
Evidence suggests that collective action is required for WASH interventions to reach the coverage
and use levels likely required to realise health gains through “herd protection” [5–7]. Results from
rigorously designed and evaluated WASH studies demonstrate lower than expected impact of WASH
interventions on health [8–10], in some cases due to poor intervention uptake and sustained adoption.
When interpreting these findings, it is important to consider the implementation approaches and
intervention techniques that were employed, as well as the level at which these interventions were
targeted (e.g., individual, household, group, community). It is pertinent to question whether the
WASH sector is considering potentially important behavioural antecedents (i.e., upstream behavioural
factors predictive of downstream behavioural, health, and development impacts) in their theories of
change, intervention designs, and programme evaluations.
In many sectors, including but not limited to WASH, community-based programmes that
target higher order groups (e.g., households, villages, health centres, government ministries) often
inadequately address factors of collective behaviour in their intervention design and implementation
strategies [11]. Collective efficacy (CE) is one such factor. CE is a latent social construct that
encompasses a combination of cognitive and socio-structural factors which facilitate peoples’ shared
beliefs in their collective power, or ability to come together to execute actions related to a common
goal [12,13]. As with other social constructs, CE is complex, and draws on multiple sub-construct
domains, such as social cohesion, social control, and cognitive and structural social capital. In addition
to shaping a group’s decision to pursue common goals, collective efficacy also influences the amount
of effort the group spends working toward those goals and the level of persistence expended when
group efforts fail to yield desired results [12].
The notion that shifting away from an existing, undesirable behaviour is predicated on a critical
mass of group members believing that enough members will cooperate in enacting the new behaviour
is well established [1,14,15]. This implies group goal selection. Perceptions regarding CE influence
group goal selection and performance [16–19]. In fact, evidence suggests that perceptions regarding
efficacy are better predictors of behaviour than prior performance or goal attainment [12].
CE perceptions are influenced by personal attributes, collective dynamics, and situational
contexts [12,20]. As such, the mechanisms through which CE operates may differ for men and
women. In many societies, existing psychosocial and structural inequalities translate to important
differences in the social opportunities men and women have to engage with certain formal and informal
community structures [21–24]. These differences are well cited, and have been known to create
disparities between men and women in terms of their social inclusion, mobility, civic engagement
and associational participation, and position within the communities in which they live [24–26].
These disparities may translate to differences in the mechanisms through which CE operates among
men and women, such as the size and strength of their respective social networks, their sense of
belonging or social attachment, and perceptions regarding the organisation and responsiveness of
the community. In addition, various “gendered structures of constraint” may differentially influence
perceived individual- and community-level psychological capabilities among men and women [22,26].
For example, normative expectations and social restrictions that preclude certain types of individuals
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(e.g., women) from moving and socialising freely outside of the home and within certain community
groups may contribute to disparities among men and women in terms of their perceptions regarding
self- and collective efficacy [27–29]. Consequently, existing evidence supports the idea that differences
in collective action exist between genders [24].
In public health, and the WASH sector more specifically, we are still seeking to elucidate how
complex, group-level factors effect behavioural outcomes and health impacts at individual and
collective levels. While social constructs have been explored more broadly when examining various
aspects of shared and communal WASH resources [30–32], investigations into collective efficacy in the
context of community-based interventions remain scarce. Agentic factors such as self- and collective
efficacy are featured extensively in behaviour and behaviour change theory [12,13,33,34]. Yet, only
a limited number of studies have used empirical evidence to critically assess collective efficacy, and
investigate its underlying structure (i.e., the relationships between the sub-constructs, such as factors
and facets that are important to the measure of the construct) [19,35,36].
Researchers studying violent crime in urban Chicago, Illinois, USA found that two
sub-constructs—social cohesion and trust among neighbours, and informal social control (i.e.,
neighbours’ willingness to intervene on behaviour for the common good)—define CE as a latent
construct [19]. A study conducted in Blacksburg, Virginia, USA suggested that CE related to
community computing was comprised of four sub-constructs—activism, informedness, belonging,
and association [35]. Among teachers in elementary schools within one urban school district in the
USA, CE was found to have a single factor structure that contained items tapping to group competence
and task analysis [36]. Findings from these studies are conflicting, and all known psychometric
examinations of CE have been conducted on data collected from literate populations in high-income
contexts. No known studies have developed and applied CE measurement scales in such a manner
that allows for a more thorough examination of the role CE plays in behaviour change and the overall
effectiveness of community-based interventions operating in developing contexts.
To address this gap, our team designed a series of studies to develop, validate, and employ
scales to assess CE and compare perceptions between genders. For this particular study, we aimed
to develop a metric that could be used in the context of a WASH trial, to assess pre-intervention
behavioural control perceptions at baseline, and evaluate the effect of CE factors on the uptake of a
demand-side sanitation and hygiene intervention at endline. We hypothesise that CE is an important
antecedent of the cooperative behaviour and collective action needed to bring about sustained adoption
of improved WASH practices at the level required to realise health impacts. Therefore, we used
a systematic and widely accepted scale development and validation process [37] to develop and
test CE measurement scales, the methods and results of which we present herein. We set out to
investigate several research questions related to the measurement of collective efficacy, its constituent
sub-constructs, and its factor structure. First, we were interested in elucidating which sub-constructs
(e.g., constituent domains, factors/dimensions, facets) were salient for measuring collective efficacy,
and the structure thereof, in the rural Ethiopian context. Second, we wanted to examine whether
the psychometric characteristics of the resulting CE measurement models were compelling in terms
of their ability to demonstrate construct validity, or the degree to which the scale measures what it
purports to measure. Finally, we aimed to determine whether there were important differences in the
measurement of CE between Ethiopian men and women. The development of these CE scales will
allow for enhanced intervention design and targeting, and further examination of potential associations
between CE, as measured by our scale, and intervention effectiveness, as measured through changes
in WASH-related behavioural outcomes and health impacts.
We set forth three related hypotheses to test as we explored our research questions.
First, we hypothesised that the factor solutions derived from our empirical data would support
our theorised construct dimensionality. Second, we hypothesised that the CE measurement
models produced via factor analytic methods would demonstrate high construct validity.
Third, we hypothesised that given their status, mobilisation, and inclusion within their communities,
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men would have higher perceptions of behavioural control and related factors than women;
leaders would have higher perceptions than non-leaders.
2. Study Overview
This study took place in Amhara National Regional State, Ethiopia as a sub-study of a larger
cluster-randomised controlled trial entitled The impact of enhanced, demand-side sanitation and hygiene
promotion on sustained behavior change and health in Amhara, Ethiopia, or Andilaye for short (registered on
clinicaltrials.gov, NCT03075436).
2.1. Ethical Approval
The Andilaye trial and its sub-studies received ethical approval from Emory University’s
Institutional Review Board (IRB00076141), the Amhara Regional Health Bureau Research Ethics
Review Committee (HRTT0135909), and London School of Hygiene & Tropical Medicine’s
Observational/Interventions Research Ethics Committee (Ref. 9595). Fieldworkers provided study
participants with full details regarding the study prior to inquiring about consent to participate, and
took steps to ensure confidentiality for all study participants.
2.2. Data Collection and Analysis
We used a five-step, sequential exploratory and confirmatory approach [38] to develop, refine,
and validate a theoretically grounded and evidence-based CE measurement scale [37]. This process
relied heavily on a factor analytic approach. Factor analysis is a psychometric method that allows for
the measurement of latent constructs that cannot be directly observed or measured. In a factor analytic
framework, latent constructs are measured through the analysis of manifest variables (e.g., survey
items), indicators that represent certain aspects of the latent construct [39]. The analyses of these data
can elucidate the underlying structure of the construct and its constituent sub-constructs.
Factor analysis comprises a suite of analytical methods, including exploratory factor analysis
(EFA) and confirmatory factor analysis (CFA). EFA is a descriptive analytical method used to determine
the number of common factors in a measurement model, and identify which measured variables are
indicators of the latent construct (i.e., identify factor structure) [40]. CFA is an evaluation approach that
allows for direct testing and validation of hypothesised factor structures to assess their appropriateness
as measurement models (i.e., determine construct validity, falsify hypothesised models). These types
of analytical methods use matrix algebra to generate statistics used to reveal a construct’s underlying
factor structure [41].
Below, we provide details related to each step of our scale development and validation
process. Given the progressive nature of this process, we present methods and results for each
step, in chronological order, followed by a discussion and conclusions. The methods and results
presented below demonstrate the process by which we produced three refined CE measurement scales
that demonstrated good construct validity.
3. Collective Efficacy Scale Development and Validation—Methods and Results
3.1. Step 1. Defining Collective Efficacy via a Hypothesised Framework
3.1.1. Step 1. Methods
We leveraged theory and evidence to operationally define CE, and establish a hypothesised CE
framework [37,42]. This began with a desk review of the literature during which we identified
and extracted information regarding the CE construct and constituent sub-constructs. We then
performed an applied thematic content analysis to re-organise emergent sub-constructs into key
domains, dimensions/factors, and facets to generate the framework. We constructed definitions
for each CE dimension/factor. In factor analytic terms, this step involved establishing operational
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definitions for the latent variables [43], and providing substantive justification for the hypothesised
framework [44].
3.1.2. Step 1. Results
We established the following operational definition for collective efficacy: A latent construct
comprised of a combination of the cognitive and socio-structural components that facilitate a
community’s shared belief in its ability to come together and execute actions related to a common
goal. This conceptualisation of CE is grounded in evidence and theory, including Social Cognitive
Theory and Social Learning Theory [19,34,45]. The resulting hypothesised CE framework represented
a seven-factor conceptualisation, with items tapping to social disorder, social response, social capital,
social equity, common values, community attachment, and agency. We hypothesised that these seven
factors represented aspects of three domains: informal social control, social cohesion, and behavioural
control (Table 1).
3.2. Step 2. Designing the Collective Efficacy Survey
3.2.1. Methods
Next, we generated an item pool by extracting relevant prompts from existing surveys
instruments [37]. We prioritised pre-existing, validated tools, when possible. We then coded survey
items against our set of CE sub-constructs, removed repetitive items, and designed new items when
no relevant prompts existed for a given sub-construct.
We re-structured all survey items such that they worked well with a five-point, Likert type
response format [37]. Once our draft tool was developed, it was translated into Amharic, and
back-translated into English to ensure the quality of the translations. During December 2016-February
2017, the CE survey was then piloted and iteratively refined through a series of formative research
activities, which included two rounds of cognitive interviews and one round of focus group discussions.
These formative research activities were conducted in Amharic in the Bahir Dar Zuria district (woreda)
of Amhara National Regional State, Ethiopia. Interviews and group discussions were audio-recorded
and transcribed directly into English.
Trained fieldworkers conducted four in-depth interviews (three women, one man) that employed
think-aloud and verbal probing techniques [46] during an initial round of cognitive interviews.
This cognitive validation process allowed us to ensure consistency between what we intended to
convey through the survey items and participants’ understanding regarding the meaning of the survey
items (i.e., assess face validity). This process helped us confirm that each survey item tapped to the
desired sub-construct within our CE framework. Furthermore, our inclusion of cognitive interviews as
a formative scale development activity allowed us to investigate whether there was early evidence
regarding the substantive aspects of construct validity [47].
We then conducted four focus group discussions (two with women, two with men) to explore
concepts and real-world examples related to our hypothesised CE framework. Based on our qualitative
findings, we revised survey items to be more contextually relevant, and designed additional items to
ensure each CE sub-construct was adequately measured, and our CE survey had reached conceptual
saturation. Finally, we conducted a second round of cognitive interviews (four women, three men) to
pilot this revised CE survey and again check participants’ understanding of the survey items.
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Table 1. Hypothesised collective efficacy framework.
Domain

Dimension/Factor

Related Facets

Social disorder

General conflict and threats to the existing order—e.g., incivility

Incivility, intolerance, people not living in harmony

Social response

Community members actively address social issues—e.g., respect
differences, celebrate successes, and react to social inequity (below)

Willingness to intervene, community support in times of crisis,
collective morals, tolerance, inter-group cooperation

Common values

Community members share common values, beliefs and ideologies

Order, group cohesion and inclusion, social integration, acceptance,
collective norms and ideals, common civic culture

Residents have strong social networks within the community that
establish a sense of trust among community members and leaders and
allow for acts of reciprocity

Social networks and social capital, supporting networks and
reciprocity, social organisation and groups, associational activity and
common purpose, social trust, social bonds, social safety nets, trust
and solidarity, volunteer activities

Social equity

Residents have equal access to resources, services and opportunities
within the community and there are safety nets in place in times of
crisis

Social solidarity and reductions in wealth disparities, information
and communication, contribution to household resources,
social justice and equity, ownership of household assets/resources

Community attachment

Residents feel a sense of connection to their community whether it is
through ownership of resources/assets, through social ties or both.
Being a part of the community is an aspect of a resident’s identity

Place attachment, place identity, sense of belonging

Community members’ belief that they themselves are capable of
achieving an identified goal (i.e., self-efficacy)
Community members’ belief that their community as a whole is
capable of making positive changes (i.e., collective action), and that
they ought to be doing so. Here, we also explore community members’
perceptions regarding the need for exogenous intervention to achieve
common goals

Perceived performance experiences (i.e., enactive mastery), vicarious
experiences, physiological arousal (i.e., emotional state/control),
self-esteem
Collective action and cooperation, participation in collective action,
collective behavioural control, empowerment

Informal social control

Social capital *
Social cohesion

Behavioural control

Definition

Agency

Note: * Including both structural components (e.g., civic structures engagement/participation) and cognitive components (e.g., trust, reciprocity).
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3.2.2. Step 2. Results
The formative survey and scale development work conducted during Step 2 resulted in a 50-item
CE instrument. The 50 items were comprised of group-referent statements about interpersonal and
ecological aspects of the respondent’s community that related to CE as well as self-referent statements
about the respondent’s own sense of self, agency, autonomy, and level of engagement within his/her
community. The content of the measured variables (i.e., items) used to operationalise CE is provided
in Table A1. There, we provide detailed information on all 50 CE survey items.
3.3. Step 3. Administering the Collective Efficacy Survey
3.3.1. Step 3. Methods
We trained fieldworkers to administer the CE survey by reading each survey item, followed
by each of the five response options (i.e., completely disagree, partially disagree, neither agree nor
disagree, partially agree, completely agree). Through two waves of data collection conducted during
March–June 2017, fieldworkers visited Andilaye study households with the goal of administering the
same 50-item CE survey to one man and one woman in randomly selected households. During the
initial wave of data collection, the primary female caregiver of the trial’s index child (i.e., youngest child
aged 1–9 years) was targeted for Andilaye’s baseline survey. Half of these respondents were randomised
to receive our CE survey module. During the second wave, we targeted Andilaye study male heads
of household. All men were targeted for the CE survey regardless of which survey the respondent
from the initial wave of data collection was randomised to receive. This subsequent data collection
round was designed to help us examine similarities and differences of CE perceptions between men
and women in general, and household-level male-female dyads within a sub-set of study households
in particular. The sub-set of dyadic households represented those in which: (1) a woman responded
and was randomly allocated to the CE survey during the first wave of data collection; and (2) a man
was willing and able to participate in the CE survey during the second wave of data collection.
3.3.2. Step 3. Results
Fieldworkers targeted 1849 CE surveys. Consent was provided by 1846 respondents (i.e., 99%
response rate). Fifteen observations were dropped due to data entry errors. The final analytical
dataset contained 1831 observations; 1105 from men, 726 from women. At least one individual from
1311 households in 50 sub-district (kebele) clusters responded to our CE survey. We obtained CE data
on household-level male-female dyads from 520 ‘dyadic’ households. Data were also obtained from
585 men and 206 women residing in 791 ‘non-dyadic’ households. See Table 2 for data on respondent
demographics and household characteristics.
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Table 2. Respondent demographics, household- and cluster-level characteristics, by gender.
Characteristics

Aggregate

Men

Women

Number of respondents

1831

1105

726

n%

Respondent demographics
Median age (IQR)

35

(29–45)

40

(31–47)

31

(27–38)

Relation to head of household
Respondent is the head of household
Spouse
Other relative
Other non-relative
Married

1170
540
114
7
1667

64%
29%
6%
<1%
91%

1002
4
92
7
1014

91%
<1%
8%
<1%
92%

168
536
22
0
653

23%
74%
3%
0%
90%

Median number of members per household (IQR)

5

(4–6)

5

(4–6)

5

(4–6)

Religion
Orthodox Christian
Muslim
Other

1730
55
41

95%
3%
2%

1047
33
20

95%
3%
2%

683
22
21

94%
3%
3%

Head of household’s education
(highest level attained)
No formal education
At least some first cycle primary (grades 1–4)
At least some secondary (grades 5–8)
Any high school or above
Refuse or do not know
Access to household latrine (any type)

1317
175
233
91
15
1394

72%
10%
13%
5%
<1%
76%

801
104
139
53
8
854

72%
9%
13%
5%
<1%
77%

516
71
94
38
7
540

71%
10%
13%
5%
<1%
74%

Primary drinking water source location
In compound
Outside compound

68
1757

4%
96%

40
1060

4%
96%

28
697

4%
96%

Household member with leadership in a
community structure *

215

16%

Total number of household-level male-female dyads *

520

40%

n%

Household-level characteristics

Notes: IQR = inter-quartile range. Five observations from the men’s sub-sample (and therefore the aggregate as
well) were missing data on the number of members in their households, the head of household’s highest educational
attainment, religion, and ethnicity; one observation from the men’s sub-sample was missing data on marital status.
Two observations from the women’s sub-sample were missing data on the number of members per household.
* 1311 households.

3.4. Step 4. Performing Psychometric Analyses
3.4.1. Step 4. Methods
Data preparation and screening
Initial data cleaning and descriptive analyses were performed in Stata (version 15.0 StataCorp,
College Station, TX, USA). We performed subsequent descriptive and all factor analyses (EFA,
preliminary CFA, single-group CFA of EFA-derived factor solutions, multiple-group CFA and Multiple
Indicators Multiple Causes [MIMIC] modelling) in Mplus software (version 8 Muthén & Muthén,
Los Angeles, CA, USA).
To prepare our data for analyses, we first partitioned our CE dataset by gender, and then employed
a random-number seed to identify two separate random split-halves for both men and women
sub-samples. We designated one random split-half sample for scale development via EFA for each
gender; the remaining random hold-out sample was reserved for scale validation via CFA of the
EFA-derived factor solutions. This division of the dataset resulted in four split-half samples, two
for women, and two for men (i.e., nW1 , nW2 ; nM1 , nM2 ). Univariate analyses performed in Stata
and verified results in Mplus examined respondent/household characteristics and item distributions
(frequencies and proportions—Table S1) for all 50 CE items on an aggregate level and between genders.
We performed Mann-Whitney Rank Sum tests to determine whether there were any significant
differences in respondent and household-level characteristics between split-halves.
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Preliminary confirmatory factor analysis of the hypothesised CE framework
We decided a priori to first test our hypothesised CE framework (Table 1) via a preliminary
CFA [48]. Poor model fit statistics for this preliminary CFA would signal that the hypothesised CE
framework may need modification in order to produce an appropriate CE measurement framework.
In the event model fit statistics indicated poor fitness, we decided a priori that we would perform EFA
to determine alternative CE factor structures derived from our own empirical data, and conduct CFA
again to test and validate the resulting EFA-derived factor structures [40].
For preliminary CFA, we used a robust weighted least-squares with mean and variance adjustment
(WLSMV) estimation method [49] based on assessments of polychoric correlation matrices [50,51].
A sandwich estimator was applied to adjust for non-independence of observations within 50 kebele
clusters. Because it would have been justifiable to conclude our analyses with CFA if the complex
preliminary CFA indicated good model fit, we performed these analyses on the full men and women
sub-samples (nM and nW , respectively). We examined goodness-of-fit indices, assessing both absolute
fit (e.g., χ2 :df ratio, root mean square error of approximation [RMSEA]) and incremental, or relative
fit (e.g., comparative fit index [CFI], Tucker-Lewis index [TLI]). Standard thresholds of acceptable
and good model fitness were employed (i.e., χ2 :df ratio < 3.0; RSMEA of ≤0.10 acceptable fit,
≤0.05–0.06 good fit; CFI & TLI ≥ 0.90 acceptable fit, ≥0.95 good fit) [40,52,53]. Factor loadings less than
0.32 were considered non-salient (i.e., not statistically meaningful) [54]. Post hoc refinements included
the deletion of items with non-salient (factor loadings < 0.32) and/or non-significant (two-tailed
p > 0.05) factor loadings. We also dropped all factors with less than three items with salient and
significant factor loadings, as these factors may have insufficient component saturation, meaning the
factor may not have been fully conceptually explained by the emergent items, which could compromise
factor interpretation [48].
Exploratory factor analysis
We performed complex EFA on one split-half of data from both men and women sub-samples
(nW1 and nM1 , respectively). As with preliminary CFA, we used a robust WLSMV estimation method
based on assessments of polychoric correlation matrices for EFA, and applied a sandwich estimator
to adjust for non-independence [49–51]. An oblique rotation was indicated due to hypothesised item
correlation, and Promax was selected a priori as the specific oblique rotation method for these analyses.
Decision rules related to factor retention were based on a combination of: (1) mathematically
based and heuristic descriptive guides (i.e., Kaiser-Guttman rule (eigenvalue > 1.0) [55], scree-plot);
(2) goodness-of-fit; and (3) other substantive justification, such as results from cognitive interviews,
and theoretical and empirical evidence [40,44,48]. As with preliminary CFA, we employed a holistic
approach to evaluate goodness-of-fit indices for EFA. The same thresholds used for preliminary
CFA were used for EFA, but we also included an assessment of root mean square residual (RMSR);
values below 0.08 indicate reasonable model fit [52].
Oblique rotations produce pattern coefficients that do not fully characterise the relationship
between an item and a given factor [44]. Therefore, in order to appropriately interpret EFA results,
we evaluated both the factor pattern and factor structure matrices [48]. Structure and pattern
coefficients with an absolute value greater than 0.32 were considered salient. Items with factor
loadings less than this threshold poorly measured the latent factors, and were eliminated in a step-wise
manner [54]. We iteratively re-analysed measurement models subsequent to item reduction [44].
To be retained, factors needed to demonstrate adequate component saturation and sufficient evidence
that they were at least adequately measured (i.e., at least three items with factor loadings greater
than 0.32, and no or limited item cross-loadings) [56]. Only complex variables (i.e., those with
salient factor loadings on more than one factor [cross-loadings]) with strong substantive justification
for their cross-loadings were retained. Models that represented the most readily interpretable
(i.e., the simplest solution, per Thurstone criteria [57]—outlined in the Supplemental Material) and
theoretically justifiable solutions were selected for the refined, gender-specific factor solutions [44].
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With regard to the interpretation of EFA results, factor loadings indicate the pattern of item-factor
relationships, and are often referred to as pattern coefficients [40]. Factor loadings represent completely
standardised estimates of regression slopes for predicting the indicators from the latent variable [40].
While some methodologists caution against the use of thresholds, common guidelines for the
interpretation of factor loadings can be used to facilitate interpretation of results (e.g., factor loadings
>0.71 excellent, >0.63 very good, >0.55 good, >0.45 fair, and >0.32 adequate) [54].
Single-group confirmatory factor analysis of EFA-derived, gender-specific factor solutions
During CFA of EFA-derived factor solutions, we used split-half hold-out samples (nW2 , nM2 )
to validate EFA-indicated, gender-specific measurement models. The underlying structure used
to operationalise the latent factors were those indicated in the factor solution produced via EFA.
We identified the scale of every latent factor through the use of marker indicator items, which we
identified as the item that demonstrated the highest factor loading on its respective factor, per EFA
results [40]. As with our preliminary CFA and EFA, we performed these CFAs using WLSMV
with a sandwich estimator to adjust for non-independence. Through post hoc model refinements,
we eliminated items with non-salient (i.e., factor loading < 0.32) and/or non-significant factor loadings.
We used the same process for holistically examining goodness-of-fit and carrying out post hoc
model refinements for the CFA of EFA-derived models as those employed during the preliminary
CFA. After examining fit statistics, we assessed residuals and modification indices for indications of
localised areas of strain (i.e., misfit) in the measurement models. Modification indices greater than
3.84 indicated opportunities for further model refinement and fit improvement, through the estimation
of additional parameters, if justified [40,58].
3.4.2. Step 4. Results
Preliminary confirmatory factor analysis of hypothesised CE framework
Results from the preliminary CFA of our hypothesised CE framework indicated that the men’s
refined model (i.e., with post hoc adjustments) demonstrated moderately acceptable absolute fit,
but poor incremental or relative fit (χ2 :df ratio = 2.606, RSMEA = 0.038 [0.036–0.040], CFI = 0.911,
TLI = 0.904). This suggested that while our hypothesised CE framework represented a plausible
structure of the mechanisms through which the CE process operates among men in the Ethiopian
context, an alternative framework may have provided a better measure of CE. The women’s model did
not fit the data well (χ2 :df ratio = 3.409, RSMEA = 0.058 [0.055–0.060], CFI = 0.895, TLI = 0.888), which
indicated that the data failed to validate the hypothesised CE framework for women respondents.
This suggested that the CE framework required modification in order to reveal the mechanisms through
which CE operates for women in rural Ethiopia. See Tables A2 and A3 for additional preliminary CFA
results. These findings provided rationale for performing EFA.
Scale development and validation samples, balance of respondent and household characteristics
Our split-half EFA samples consisted of 366 observations from women (i.e., participant to item
ratio of over 7:1), and 555 observations from men (i.e., participant to item ration of 11:1). While the
participant to item ratio was lower for women, split-half sample sizes were sufficient for both genders
according to standard guidance [48,54]. All respondent demographics and household characteristics
were balanced across aggregate and gender-specific sub-samples (results not displayed).
Factor extraction and item reduction
Seven factors were extracted during final EFA for both gender-specific EFA-derived factor
solutions. We present factors and items indicated in both men’s and women’s EFA-derived factor
solutions in Tables 3 and 4, respectively. Information related to the item reduction processes for
both models, and a detailed summary of each factor emerging from the gender-specific EFA-derived
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models are provided in the Supplemental Material. Below, we summarise the resulting gender-specific
EFA-derived measurement models, by domain.
Men’s collective efficacy measurement model
EFA results revealed a seven-factor men’s CE measurement model with good model fit
(χ2 :df = 1.209, RMSEA = 0.019, RMSR = 0.037). The seven factors included social response,
social networks and personal agency, social attachment, common vision, community leadership,
associational participation, and community organization. Social response corresponded to the informal
social control domain, though it also tapped to certain aspects of cognitive social capital (e.g., trust
in community members, reciprocity of knowledge) that may influence social response. The social
networks and personal agency factor corresponded to the cognitive social capital domain, though
it also tapped to structural social capital, as it reflects the strength and responsiveness of one’s
social structures. Social attachment and common vision factors corresponded to the social cohesion
domain. Community leadership and associational participation factors pertained to the structural
social capital domain. These factors and the concepts reflected in their constituent items align with
our hypothesised operational definitions of informal social control, social cohesion, and behavioural
control (Tables 1 and A4). See Table 3 for information regarding the specific items that tapped to the
CE factors in the men’s CE measurement model. Modification indices above 3.84 were all relatively
low, meaning localised strain was relatively low in all areas identified. No further modifications were
deemed theoretically or mathematically justifiable. The standardised estimates of factor loadings from
this model were acceptable (Table 3).
After dropping one item (ADVICE) from the male EFA-derived factor solution as a result of less
than minimal variance, we conducted CFA on the remaining items tapping to seven factors. Post hoc
model refinements yielded a refined 31-item, seven-factor solution. The refined CFA model validated
the EFA-derived model with minor modifications, and demonstrated good absolute and incremental
model fit (χ2 :df ratio = 1.498, RSMEA = 0.030 [0.025–0.035]), CFI = 0.971, TLI = 0.968). The vast majority
of items (87%, 27 of 31) comprising the refined solution demonstrated very good to excellent factor
loadings (i.e., loadings > 0.630) on a single factor (Table 3).
Women’s collective efficacy measurement model
EFA results revealed a seven-factor women’s CE measurement model with good model fit
= 1.281, RMSEA = 0.028, RMSR = 0.041). The seven factors included social networks and
reciprocity, social disorder, social attachment and personal agency, social response, common vision,
associational participation, and community organisation and leadership. The social networks and
reciprocity factor corresponded to the cognitive social capital domain, though it also tapped to certain
aspects of structural social capital, as it reflected perceptions related to collectives of individuals that
promote and protect mutual or personal interests. The informal social control domain included factors
related to social disorder and social response. Two factors, social attachment and personal agency and
common vision, comprised the social cohesion domain. Associational participation and community
organisation and leadership corresponded to the structural social capital domain. These factors and
the concepts reflected in their constituent items align with our hypothesised operational definitions of
informal social control, social cohesion, and behaviour control. See Table 4 for information regarding
the specific items that tapped to the CE factors in the women’s measurement model.
We conducted CFA on the items tapping to seven factors, as indicated by EFA. Post hoc model
refinements yielded a refined 33-item, six-factor solution. The refined CFA model validated the
majority of the EFA-derived factor structure, and demonstrated adequate model fit (χ2 :df ratio = 1.574,
RSMEA = 0.040 [0.034–0.045]), CFI = 0.962, TLI = 0.958). A majority of items (79%, 26 of 33) on the
refined CFA solution demonstrated very good to excellent factor loadings (i.e., >0.630), and 12% (4 of
33) demonstrated good factor loadings (i.e., between 0.550–0.629) (Table 4).

(χ2 :df
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Table 3. Factor loadings for random split-half samples for EFA and CFA of EFA-derived factor solutions, men.
Factors and Associated Items

Final EFA—Factor
Pattern Coefficients
(nM1 = 555)

Item

Final EFA—Factor
Structure Coefficients
(nM1 = 555)

Factor 1: Social response (average factor loading = 0.565; average structure coefficient = 0.605; average factor loading on refined CFA = 0.634)
People in this community live in harmony with each other most of the time.
HARMONY
0.694
When there is a problem in this community, people come together to discuss how
COMPRSLV
0.654
it should be solved.
People in this community can be trusted.
COMTRUST
0.634
If there is a problem that affects the entire community, for instance, crop disease,
HLPCRPDZ
0.620
people in this community will help each other.
This is a close−knit community (i.e., people in this community have close
CLOSE
0.592
personal relationships with each other).
Most people in this community have similar beliefs about what is right and what
SIMBLIEF
0.567
is wrong.
If there is a big dispute between two persons, other people from the community
SLVDISPU
0.510
will help in solving the problem.
People in the community share new knowledge with their neighbour if they learn
SHAREKNO
0.414
something new.
Differences between people, such as the amount of land they own, often causes
DIFPROBS
−0.398
problems in this community.

Baseline CFA
(nM2 = 550)

Refined † CFA
(nM2 = 550)

0.489

0.440 *

0.438 *

0.702

0.692 *

0.690 *

0.741

0.683 *

0.682 *

0.657

0.698 *

0.695 *

0.720

0.791 *

0.789 *

0.484

0.409 *

0.408 *

0.596

0.652 *

0.649 *

0.649

0.726 *

0.724 *

−0.403

−0.278 *

-

0.510 *
0.675 *

0.512 *
0.674 *

0.759 *

0.758 *

Factor 2: Social networks and personal agency (average factor loading = 0.588; average structure coefficient = 0.678; average factor loading on refined CFA = 0.668)
I have the capacity to achieve my future aims.
SELFEFF
−0.985
−0.841
I have the ability to contribute to this community’s development.
SEDEV
−0.600
−0.729
If you suddenly need some money, you can borrow from a person or group in
BORMONEY
−0.479
−0.595
your community.
If you and your relatives suddenly had to go away for a day/two, you could
NEICAREG
−0.477
−0.623
count on your neighbours to take care of your children.
My neighbours sometimes come to me to share their problems and get help.
COME4HLP
−0.398
−0.602
Factor 3: Social attachment (average factor loading = 0.577; average structure coefficient = 0.723; average factor loading on refined CFA = 0.864)
I feel attached to this community and its people.
ATTACH
0.795
People in this community accept me as a member of the community.
ACCEPT
0.673
Being a member of this community is part of who I am.
IDENTITY
0.631
People in this community should work together to develop the community.
SHOULDEV
0.455
People in this community have the capacity to make positive changes by
COLLEFF
0.332
coming together.
Factor 4: Common vision (average factor loading = 0.519; average structure coefficient = 0.657; average factor loading on refined CFA = 0.733)
Most people in this community have similar hopes about the future development
SIMHOPES
0.702
of the community.
People in this community share the same ideas on how village matters should
COMMGMT
0.651
be managed.
Most people in this community have common values, for example, they value
COMMVALU
0.586
hard work.
People in this community have the capacity to make positive changes by
COLLEFF
0.496
coming together.
During a crisis situation, such as drought, government services are distributed
DISTCRIS
0.344
equally by the community to all households in need.
People in this community should work together to develop the community.
SHOULDEV
0.336
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0.657 *

0.657 *

0.737 *

0.738 *

0.836
0.792
0.779
0.637

0.860 *
0.863 *
0.871 *
0.075

0.857 *
0.864 *
0.871 *
-

0.571

0.071

-

0.821

0.832 *

0.830 *

0.789

0.890 *

0.887 *

0.697

0.813 *

0.809 *

0.652

0.702 *

0.760 *

0.408

0.462 *

0.458 *

0.573

0.598 *

0.656 *
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Table 3. Cont.
Factors and Associated Items

Final EFA—Factor
Pattern Coefficients
(nM1 = 555)

Item

Final EFA—Factor
Structure Coefficients
(nM1 = 555)

Factor 5: Community leadership (average factor loading = 0.590; average structure coefficient = 0.713; average factor loading on refined CFA = 0.720)
Formal administrative leaders, like the kebele manager, provide support to
ACTLDR2
0.871
0.814
this community.
This community’s leaders can be trusted.
TRUSTLDR
0.732
0.823
There are people in this community who show strong leadership.
UNOFLDRS
0.372
0.634
I typically accept advice from others in this community.
ADVICE
0.385
0.581
Factor 6: Associational participation (average factor loading = 0.702; average structure coefficient = 0.825; average factor loading on refined CFA = 0.913)
I participate in activities held by any community−based associations, such as
PARTCBGP
−0.792
−0.883
the Edir.
I attend meetings of a community−based association, such as the Edir.
ACTCBGP
−0.794
−0.897
I participate in activities held by any government or NGO−initiated community
ACTEXOGP
−0.520
−0.694
development group, such as the Development Army.
Factor 7: Community organisation (average factor loading = 0.665; average structure coefficient = 0.697; average factor loading on refined CFA = 0.872)
The community−based associations, such as the Edir, in this community are
COMACTCG
−0.874
−0.883
very active.
The leaders of community−based associations, like Edir leaders, respond to this
ACTLDR1
−0.803
−0.840
community’s concerns.
People in this community get to choose the leaders of their own
CHOCGLDR
−0.729
−0.802
community−based associations, such as the Edir leaders.
In this community, people prioritise their own family’s welfare over
OWNWELF
−0.569
−0.575
community development.
Some households in this community are restricted from community services, such
RESTRSER
0.352
0.384
as bed net distribution.

Baseline CFA
(nM2 = 550)

Refined † CFA
(nM2 = 550)

0.721 *

0.720 *

0.899 *
0.733 *
-

0.899 *
0.734 *
-

0.953 *

0.953 *

0.960 *

0.960 *

0.828 *

0.827 *

0.915 *

0.918 *

0.924 *

0.919 *

0.785 *

0.780 *

0.155 *

-

−0.260 *

-

Notes: Matrix: Polychoric correlations; Estimation method: WLSMV with sandwich estimator to adjust for non-independence of observations within 50 kebele clusters; Extraction: Combination
of Kaiser-Guttman rule (i.e., eigenvalue > 1.0), scree test, goodness-of-fit indices, and substantive justification grounded in theoretical and empirical evidence; Rotation: Promax; * p ≤ 0.05;
† Refined CFA reflects post hoc model adjustments, such as item reduction due to non-salient (loadings < 0.32) or non-significant (two-tailed p > 0.05) factor loadings.
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Table 4. Factor loadings for random split-half samples for EFA and CFA of EFA-derived factor solutions, women.
Factors and Associated Items

Item

Final EFA—Factor
Pattern Coefficients
(nW1 = 366)

Final EFA—Factor
Structure Coefficients
(nW1 = 366)

Factor 1: Social networks and reciprocity (average factor loading = 0.650; average structure coefficient = 0.725; average factor loading on refined CFA = 0.703)
In this community, I have friends with whom I can share my problems.
HAVEFRND
0.986
0.851
My neighbours sometimes come to me to share their problems and get help.
COME4HLP
0.921
0.842
If you suddenly need some money, you can borrow from a person or group in
BORMONEY
0.617
0.725
your community.
If you and your relatives suddenly had to go away for a day or two, you could count on your
NEICAREG
0.755
0.789
neighbours to take care of your children.
This is a close-knit community (i.e., people in this community have close personal
CLOSE
0.542
0.702
relationships with each other).
I typically accept advice from others in this community.
ADVICE
0.529
0.641
The people of this community will contribute their own money or labour for
CONTRDEV
0.348
0.580
community development.
If someone in this community loses a cow or goat, a neighbour will help look for it.
LOSTCOW
0.498
0.672
Factor 2: Social disorder (average factor loading = 0.573; average structure coefficient = 0.546)
In this community, conflicts like stealing and fighting often occur.
In this community, you have to be careful, otherwise your neighbours may cheat you.
Differences between people, such as the amount of land they own, often causes problems in
this community.

Baseline CFA
(nW2 = 360)

Refined † CFA
(nW2 = 360)

0.863 *
0.874 *

0.863 *
0.873 *

0.688 *

0.689 *

0.599 *

0.598 *

0.167

-

0.616 *

0.616 *

0.684 *

0.683 *

0.603 *

0.602 *

CRIMECON
CHEATS

0.801
0.532

0.740
0.500

0.366 *
0.213 *

-

DIFPROBS

0.386

0.397

0.900 *

-

0.866 *
0.837 *
0.900 *
0.866 *
0.610 *
0.674 *

0.866 *
0.836 *
0.899 *
0.866 *
0.616 *
0.676 *

0.594
0.579
0.701

0.309 *
0.410 *
0.744 *

0.403 *
0.736 *

0.769

0.861 *

0.851 *

0.587

0.532 *

0.524 *

0.642

0.642 *

0.632 *

0.678

0.660 *

0.810 *

0.562

0.643 *

0.634 *

Factor 3: Social attachment and personal agency (average factor loading = 0.690; average structure coefficient = 0.793; average factor loading on refined CFA = 0.793)
Being a member of this community is part of who I am.
IDENTITY
0.907
0.921
I feel proud to be part of this community.
PROUD
0.828
0.906
I feel attached to this community and its people.
ATTACH
0.767
0.850
People in this community accept me as a member of the community.
ACCEPT
0.683
0.806
I have the capacity to achieve my future aims.
SELFEFF
0.521
0.667
I have the ability to contribute to this community’s development.
SEDEV
0.436
0.607
Factor 4: Social response (average factor loading = 0.526; average structure coefficient = 0.639; average factor loading on refined CFA = 0.656)
Most people in this community have similar beliefs about what is right and what is wrong.
SIMBLIEF
0.793
If the people of this community see crime-like activities, they will do something about it.
INTERCRI
0.586
People in this community can be trusted.
COMTRUST
0.583
When there is a problem in this community, people come together to discuss how it should
COMPRSLV
0.493
be solved.
People in this community live in harmony with each other most of the time.
HARMONY
0.462
If there is a big dispute between two persons, other people from the community will help in
SLVDISPU
0.461
solving the problem.
This is a close-knit community (i.e., people in this community have close personal
CLOSE
0.443
relationships with each other).
If there is a problem that affects the entire community, for instance, crop disease, people in
HLPCRPDZ
0.385
this community will help each other.
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Table 4. Cont.
Factors and Associated Items

Item

Final EFA—Factor
Pattern Coefficients
(nW1 = 366)

Final EFA—Factor
Structure Coefficients
(nW1 = 366)

Baseline CFA
(nW2 = 360)

Factor 5: Associational participation [in community structures] (average factor loading = 0.784; average structure coefficient = 0.795; average factor loading on refined CFA = 0.802)
I participate in activities held by any government or NGO-initiated community development
ACTEXOGP
0.870
0.826
0.809 *
group, such as the Development Army.
I attend meetings of a community-based association, such as the Edir.
ACTCBGP
0.847
0.854
0.761 *
I participate in activities held by any community-based associations, such as the Edir.
PARTCBGP
0.636
0.704
0.835 *
Factor 6: Common vision (average factor loading = 0.643; average structure coefficient = 0.738; average factor loading on refined CFA = 0.720)
Most people in this community have similar hopes about the future development of
SIMHOPES
0.898
the community.
People in this community share the same ideas on how village matters should be managed.
COMMGMT
0.718
Most people in this community have common values, for example, they value hard work.
COMMVALU
0.636
People in this community have the capacity to make positive changes by coming together.
COLLEFF
0.542
During a crisis situation, such as a drought, government services are distributed equally by
DISTCRIS
0.422
the community to all households in need.

Refined † CFA
(nW2 = 360)

0.808 *
0.761 *
0.836 *

0.882

0.753 *

0.753 *

0.821
0.729
0.730

0.818 *
0.738 *
0.765 *

0.817 *
0.740 *
0.765 *

0.526

0.527 *

0.526 *

0.835 *

0.835 *

0.774 *
0.668 *

0.773 *
0.668 *

0.822 *

0.822 *

0.788 *

0.788 *

Factor 7: Community organisation and leadership (average factor loading = 0.649; average structure coefficient = 0.768; average factor loading on refined CFA = 0.777)
The leaders of community-based associations, like Edir leaders, respond to this
ACTLDR1
0.919
0.918
community’s concerns.
The community-based associations, such as the Edir, in this community is very active.
COMACTCG
0.821
0.802
Formal administrative leaders, like the kebele manager, provide support to this community.
ACTLDR2
0.549
0.710
People in this community get to choose the leaders of their own community-based
CHOCGLDR
0.469
0.685
associations, such as the Edir leaders.
There are people in this community who show strong leadership.
UNOFLDRS
0.489
0.724

Notes: Matrix: Polychoric correlations; Estimation method: WLSMV with sandwich estimator to adjust for non-independence of observations within 50 kebele clusters; Extraction: Combination
of Kaiser-Guttman rule (i.e., eigenvalue > 1.0), scree test, goodness-of-fit indices, and substantive justification grounded in theoretical and empirical evidence; Rotation: Promax * p ≤ 0.05; †
Refined CFA reflects post hoc model adjustments, such as item reduction due to non-salient (loadings < 0.32) or non-significant (two-tailed p > 0.05) factor loadings.
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Table 5. Final collective efficacy scales, and comparison of single-group (men vs. women) CE factors structures.
Factor *

Social response

Social networks and
personal agency

Item

Survey Item (i.e., Indicator Prompt)

Facets Tapped

Scale

CLOSE

This is a close-knit community (i.e., people in this community have
close personal relationships with each other).

Strength of social bonds within collective/community

P, M, W

COMPRSLV

When there is a problem in this community, people come together to
discuss how it should be solved.

Group problem-solving, conflict-resolution

P, M, W

COMTRUST

People in this community can be trusted.

Trust in collective/community members

P, M, W

HLPCRPDZ

If there is a problem that affects the entire community, for instance,
crop disease, people in this community will help each other.

Propensity to address community-wide issues,
conflict-resolution

P, M, W

SLVDISPU

If there is a big dispute between two persons, other people from the
community will help in solving the problem.

Propensity to address sub-community issues,
conflict-resolution

P, M, W

HARMONY

People in this community live in harmony with each other most of the time.

Sense of harmony within the collective/community

M, W k,¶

SIMBLIEF

Most people in this community have similar beliefs about what if right and
what is wrong.

Collective morals

M

SHAREKNO

People in this community share knowledge with their neighbour if they
learn something new.

Information sharing, diffusion of knowledge in collective

M

INTERCRI

If the people of this community see crime-like activities, they will do
something about it.

Willingness to intervene

W

COME4HLP †

My neighbours sometimes come to me to share their problems and
get help.

Reciprocity of individual-level problem-solving

P, M, W

BORMONEY

If you suddenly need some money, you can borrow from a person or
group in your community.

P, M, W

NEICAREG

If you and your relatives suddenly had to go away for a day or two,
you could count on your neighbours to take care of your children.

Responsiveness of social networks, expectations that
help will be given/received by others when in need,
cooperating to support one another for one-sided or
mutual gain §

SEDEV †

I have the ability to contribute to this community’s development.

Individual-level behavioural control over contribution
to collective/group goal attainment

P, M, W k

SELFEFF †

I have the capacity to achieve my future aims.

Individual behavioural control of personal goal
attainment

P, M, W k

HAVEFRND

In this community, I have friends with whom I can share my problems.

Availability of support networks for individual-level
problem solving

W

ADVICE

I typically accept advice from others in this community.

Willingness to receive, access to guidance from others

W

CONTRDEV

The people of this community will contribute their own money or labour for
community development.

Common moral principles and codes of behaviour

W

LOSTCOW

If someone in this community loses a cow or goat, a neighbour will help look
for it.

Responsiveness of social networks, expectations help will be
received, individuals cooperating to support each other

W
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Table 5. Cont.
Factor *

Community
organisation and
leadership

Associational
participation

Item

Survey Item (i.e., Indicator Prompt)

Facets Tapped

Scale

ACTLDR1 ‡

The leaders of community-based associations, like Edir leaders,
respond to this community’s concerns.

Responsiveness, strength of leaders of endogenous
community structures to community concerns

P, M, W

COMACTCG ‡

The community-based associations, such as the Edir, in this
community is very active.

Activity level of endogenous community structures

P, M, W

CHOCGLDR ‡

People in this community get to choose the leaders of their own
community-based associations, such as the Edir leaders.

Selected representation, civic engagement in
endogenous structures

P, M, W

UNOFLDRS

There are people in this community who show strong leadership.

Presence of individuals demonstrating leadership

P, W, M k

ACTLDR2 §

Formal administrative leaders, like the kebele manager, provide
support to this community.

Supportive leaders of exogenous community
structures

P, W, M k

TRUSTLDR

This community’s leaders can be trusted.

Social trust in community leaders.

M

ACTCBGP †,‡

I attend meetings of a community-based association, such as the Edir.

Personal membership/participation, endogenous
community structures

P, M, W

PARTCBGP †,‡

I participate in activities held by any community-based associations,
such as the Edir.

Personal involvement/participation in endogenous
group activities

P, M, W

ACTEXOGP †,§

I attend the meetings of any government or NGO-initiated
community development group, such as the Development Army.

Personal membership/participation, exogenous
community structures

P, M, W

ACCEPT

People in this community accept me as a member of the community.

Social acceptance within the collective/community

P, M, W

IDENTITY †

Being a member of this community is part of who I am.

Place identity, sense of belonging

P, M, W

I feel attached to this community and its people.

Place attachment

P, M, W

PROUD

I feel proud to be part of this community.

Pride in being a member of the collective/community

W

COMMGMT

People in this community share the same ideas on how village
matters should be managed.

Collective ideals, common civic culture

P, M, W

SIMHOPES

Most people in this community have similar hopes about the future
development of the community.

Common hopes for community goal attainment

P, M, W

COMMVALU

Most people in this community have common values, for example,
they value hard work.

Shared values, ethics

P, M, W

COLLEFF

People in this community have the capacity to make positive changes
by coming together.

Collective behavioural control; capacity, autonomy

P, M, W

DISTCRIS

During crisis situations, such as drought, government services are
distributed equally by the community to all households in need.

Equal distribution of exogenous resources during
crises

P, M, W

SHOULDEV

People in this community should work together to develop the community.

Normative expectations regarding collective action

M

ATTACH
Social attachment

Common vision

†

Notes: M = men’s CE scale, W = women’s CE scale, P = Parsimonious CE scale. Items in italicised font appeared in only one gender-specific scale—this meant the item was either absent
from one gender-specific scale, or it tapped to a different factor and was re-organised for the purposes of generating a parsimonious scale. Factor labels reflect those from the parsimonious
CE scale, and differ slightly in the women’s and men’s CE scales. * Factor titles reflect CE factors in the parsimonious model; † Self-referent item prompts about the respondent’s own sense
of self, agency, autonomy, and level of engagement within his/her community—all other items reflect group-referent items prompts about interpersonal and ecological aspects of the
respondent’s community; ‡ Items that refer to endogenous community structures (e.g., community-initiated associations)—local endogenous groups used as examples, but should be
adapted to the given local context; § Items that refer to exogenous community structures (e.g., government, NGO-initiated community associations)—local exogenous groups used as
examples, but should be adapted; k Items re-organised from gender-specific models to produce a parsimonious framework—reflects one gender-specific model; ¶ Demonstrated DIF,
dropped from final parsimonious scale.
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Comparison of men and women’s CE models, identification of a parsimonious model
As indicated in Table 5, there was considerable overlap between gender-specific CE measurement
models. We therefore identified a parsimonious CE scale that reflected those items included in both
men’s and women’s refined CE measurement models (Table 5). These findings suggest that the
mechanisms and processes through which CE operates are similar between men and women in rural
Ethiopia, but key differences exist, particularly with regard to the number and nature of constituent
factor items (Table 5). The gender-specific models represent more saturated, and slightly better fitting
models (Table A5). Those models allow for exploration into specific mechanisms through which CE
specifically operates for men and women, respectively.
A subsequent CFA that tested the fit of the men’s and women’s data to the parsimonious CE
measurement model [44] demonstrated good model fit (Table A5). These results suggest that the two
gender-specific, saturated models and the parsimonious model all demonstrated construct validity,
suggesting they are appropriate metrics for measuring CE.
3.5. Step 5. Testing Hypotheses
3.5.1. Step 5. Methods
Multiple-group CFA and MIMIC modelling for assessment of differential item functioning
We performed multiple-group CFA to examine certain aspects (e.g., factor loadings) of
measurement invariance between genders. Measurement invariance means that the probability
of selecting a given item response category is comparable across groups, given similar levels of the
latent construct being measured [59]. This multiple-group CFA differed from previous single-group,
gender-specific CFA in that we were able to simultaneously employ input matrices from both men’s
and women’s datasets. Due to the relatively small proportion of households with leadership status,
we did not perform multiple-group analyses on this variable.
Next, we performed Multiple Indicator Multiple Causes (MIMIC) modelling to test the validity
of our parsimonious CE measurement model in the presence of other relevant covariates, and assess
differential item functioning (DIF) [60]. DIF, or measurement non-invariance occurs when people
from different groups (e.g., men, women) with similar levels of the latent construct have different
probabilities of responding to an item in a certain way [61]. Our structural equation MIMIC models
consisted of a measurement model component reflected by the refined parsimonious CE model, and
a structural model component that specified the direct effects of gender and household leadership
covariates on latent factor variables and relevant item indicators. Significant direct effects would
indicate DIF between men and women respondents.
The same validation sub-samples used for single-group CFA were used for these analyses,
but we aggregated gender-specific sub-samples (n2 ). As we constructed our MIMIC models, we first
established baseline models that introduced gender and leadership status covariates, but assumed
no direct effects of the covariates on any individual CE items. Then, we employed a step-wise,
forward selection approach to assess direct effects between these covariates and relevant item indicators.
We examined the modification indices, and identified the item indicator with the highest significant,
meaningful, and substantively justifiable modification index. We added a direct path between the
identified item indicator and relevant covariate. We employed the DIFFTEST option in Mplus to assess
whether the additional direct path improved model fit. Given we had a relatively large sample size,
it was likely that DIFFTEST statistics would be significant [62], so we evaluated and compared other
model fit indices as well.
Collective efficacy factor score calculation
We used two coarse CE factor score calculation methods (i.e., non-refined, un-sophisticated
procedures) to generate both average and weighted average CE factor scores [63]. Higher factor scores
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represented higher levels of perceived behavioural control over the respective CE factors. We generated
CE factor scores for each respondent by summing his/her responses across all items in each factor (i.e.,
1 = completely disagree, 2 = partially disagree, 3 = neither agree nor disagree [neutral], 4 = partially
agree, 5 = completely agree), and dividing that sum by the number of items tapping to the factor.
This approach, however, assumes that all items have the same level of influence, or measurement
proximity to their respective latent factor. We have demonstrated that this is not the case. We generated
scores in this format to allow for easy comparison of scores, should the tool be used in different
contexts. This is not only a simpler method compared to context-specific weighting, but also allows for
more appropriate comparison of results outside of the dataset in which the weights were derived [63].
We also calculated weighted average CE factor scores, for which a weight that was equivalent to the
item’s factor loading was applied to each item score prior to the generation of the average (weighted)
factor score. We examined whether there were statistically significant differences in factor scores by
gender and leadership status, and between household-level dyads via a regression-based approach
with cluster robust standard errors to adjust for within-village clustering. For dyads, we regressed
pair-wise factor score differences with cluster robust standard errors [64].
3.5.2. Step 5. Results
Multiple-group confirmatory factor analysis and MIMIC model results
Multiple-group CFA indicated that factor loadings between men and women were similar (Table 6).
We present model fit statistics, unstandardised and standardised beta estimates, and standard errors
for competing MIMIC models in Table A6. The baseline MIMIC model with latent variables regressed
on gender and household leadership covariates, but no direct effects between item indicators (i.e.,
Model 3 in Table A6) demonstrated good model fit (χ2 :df ratio = 2.124; RMSEA [90% CI] = 0.035
[0.032–0.039]; CFI = 0.965; TLI = 0.960). Only two items from the baseline MIMIC model with latent
factors regressed on gender and household leadership status demonstrated modification indices above
3.84. The HARMONY item indicator had the highest, albeit relatively small, modification index (14.342)
on gender. This finding indicated that there was DIF between men and women for this item, so we
added a direct path between HARMONY and gender.
On the model iteration specifying this direct path (i.e., Model 4 in Table A6), both the
unstandardised B and standardised β were salient (i.e., −0.457 and −0.448, respectively), indicating
that men scored HARMONY, on average, 0.45 units lower than women. This refined model fit
the data well (χ2 :df ratio = 2.090; RMSEA [90% CI] = 0.035 [0.031–0.038]; CFI = 0.966; TLI = 0.961),
and DIFFTEST statistics indicated that model fit improved with the inclusion of this direct effects
parameter. The modification indices of the resulting model indicated only one additional item with
a low modification index (ACTEXOGP, 3.911), and small but non-salient direct effects. Therefore,
no further model refinements were made. The final MIMIC model accommodated uniform DIF by
incorporating a direct effect between gender and HARMONY, and indirect effects of gender and
household leadership status covariates on factor means.
Final collective efficacy measurement metrics
To avoid DIF and ensure construct validity, we dropped HARMONY from CE measurement
model, and re-ran a final CFA [65]. As demonstrated in Table 6, the validated model indicated good fit
(χ2 :df ratio = 2.191; RMSEA [90% CI] = 0.036 [0.033–0.040]; CFI = 0.966; TLI = 0.960), with all items
loading significantly and saliently a single factor. The final, validated parsimonious CE scale included
26 items tapping to six factors: social response, social networks and personal agency, social attachment,
common vision, associational participation, and community organization and leadership.
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Table 6. Factor loadings and fit indices for multiple-group CFA, baseline and final MIMIC, and final CFA (with MIMIC refinement) models.
Factors and Associated Items

Item

Multiple-Group
Men (nEM2 = 550)

Multiple-Group
Women (nEW2 = 360)

Baseline MIMIC
Model (nE2 = 907) †

Final MIMIC Model
‡ (n
†
E2 = 907)

Factor 1: Social response (average baseline MIMIC model factor loading = 0.673; average final MIMIC model factor loading = 0.671; average final CFA model with MIMIC deletions = 0.708)
This is a close-knit community (i.e., people in this community have close
CLOSE
0.776
0.803
0.782 *
0.783 *
personal relationships with each other).
When there is a problem in this community, people come together to discuss
COMPRSLV
0.695
0.847
0.774 *
0.774 *
how it should be solved.
If there is a problem that affects the entire community, for instance, crop
HLPCRPDZ
0.712
0.638
0.680 *
0.680 *
disease, people in this community will help each other.
People in this community can be trusted.
COMTRUST
0.688
0.727
0.703 *
0.703 *
If there is a big dispute between two persons, other people from the
SLVDISPU
0.649
0.624
0.635 *
0.635 *
community will help in solving the problem.
People in this community live in harmony with each other most of the time.
HARMONY
0.422
0.531
0.462 *
0.453 *
Factor 2: Social networks and personal agency (average baseline MIMIC model factor loading = 0.663; average final MIMIC model factor loading = 0.663; average final CFA model = 0.663)
If you suddenly need some money, you can borrow from a person or group in
BORMONEY
0.740
0.667
0.724 *
0.724 *
your community.
My neighbours sometimes come to me to share their problems and get help.
COME4HLP
0.758
0.748
0.755 *
0.755 *
If you and your relatives suddenly had to go away for a day or two, you
NEICAREG
0.622
0.562
0.607 *
0.607 *
could count on your neighbours to take care of your children.
I have the capacity to achieve my future aims.
SELFEFF
0.533
0.555
0.554 *
0.554 *
I have the ability to contribute to this community’s development.
SEDEV
0.700
0.654
0.676 *
0.676 *
Factor 3: Social attachment (average baseline MIMIC model factor loading = 0.885; average final MIMIC model factor loading = 0.885; average final CFA model = 0.884)
I feel attached to this community and its people.
ATTACH
0.850
0.915
0.872 *
People in this community accept me as a member of the community.
ACCEPT
0.864
0.879
0.892 *
Being a member of this community is part of who I am.
IDENTITY
0.880
0.835
0.890 *
Factor 4: Common vision (average baseline MIMIC model factor loading = 0.737; average final MIMIC model factor loading = 0.737; average final CFA model = 0.737)
People in this community share the same ideas on how village matters should
COMMGMT
0.887
0.815
0.854 *
be managed.
Most people in this community have similar hopes about the future
SIMHOPES
0.834
0.766
0.811 *
development of the community.
Most people in this community have common values, for example, they value
COMMVALU
0.808
0.743
0.784 *
hard work.
People in this community have the capacity to make positive changes by
COLLEFF
0.741
0.760
0.755 *
coming together.
During crisis situations, such as a drought, government services are
DISTCRIS
0.462
0.510
0.481 *
distributed equally by the community to all households in need.
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Final CFA Model §
(nE2 = 907) †
0.773 *
0.771 *
0.674 *
0.691 *
0.629 *
-

0.724 *
0.754 *
0.607 *
0.555 *
0.677 *

0.872 *
0.892 *
0.890 *

0.871 *
0.894 *
0.888 *

0.854 *

0.854 *

0.811 *

0.813 *

0.784 *

0.784 *

0.755 *

0.756 *

0.481 *

0.478 *
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Table 6. Cont.
Factors and Associated Items

Item

Multiple-Group
Men (nEM2 = 550)

Multiple-Group
Women (nEW2 = 360)

Baseline MIMIC
Model (nE2 = 907) †

Final MIMIC Model
‡ (n
†
E2 = 907)

Factor 5: Associational participation (average baseline MIMIC model factor loading = 0.874; average final MIMIC model factor loading = 0.874; average final CFA model = 0.874)
I attend meetings of a community-based association, such as the Edir.
ACTCBGP
0.979
0.769
0.886 *
0.886 *
I participate in activities held by any community-based associations, such as
PARTCBGP
0.933
0.831
0.912 *
0.912 *
the Edir.
I participate in activities held by any government or NGO-initiated
ACTEXOGP
0.830
0.803
0.825 *
0.825 *
community development group, such as the Development Army.
Factor 6: Community organisation and leadership (average baseline MIMIC model factor loading = 0.766; average final MIMIC model factor loading = 0.766)
The leaders of community-based associations, like Edir leaders, respond to
ACTLDR1
0.806
0.846
0.829 *
this community’s concerns.
The community-based associations, such as the Edir, in this community are
COMACTCG
0.813
0.778
0.812 *
very active.
People in this community get to choose the leaders of their own
CHOCGLDR
0.692
0.810
0.750 *
community-based associations, such as Edir leaders.
Formal administrative leaders, like the kebele manager, provide support to
ACTLDR2
0.652
0.672
0.669 *
this community.
There are people in this community who show strong leadership.
UNOFLDRS
0.762
0.779
0.769 *
Model fit statistics
χ2 (df)
χ2 contribution from each group (for multiple group CFA)
χ2 :df
RMSEA
(90% CI)
CFI
TLI

1197 (714)
598.570

598.907
1.676
0.039
(0.035–0.042)
0.963
0.964

746 (351)
N/A
2.124
0.035
(0.032–0.039)
0.965
0.960

Final CFA Model §
(nE2 = 907) †
0.887 *
0.911 *
0.825 *

0.829 *

0.829 *

0.812 *

0.813 *

0.750 *

0.752 *

0.669 *

0.667 *

0.769 *

0.768 *

731 (350)
N/A
2.090
0.035
(0.031–0.038)
0.966
0.961

710 (324)
N/A
2.191
0.036
(0.033–0.040)
0.966
0.960

Notes: Matrix: Polychoric correlations; Estimation method: WLSMV with sandwich estimator to adjust for non-independence of observations within 50 kebele clusters * two-tailed
p ≤ 0.05; † Three observations excluded from the MIMIC model due to missing covariate data; ‡ Final MIMIC model reflects refined, parsimonious CE measurement model with latent
variables regressed on gender and household leadership status plus the inclusion of a direct path between HARMONY and gender; § Final CFA model reflects refined, parsimonious CE
measurement model with HARMONY deleted due to DIF.
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4. Discussion

This study contributes to the development of a metric that can be used in community-based
4. Discussion
health and development programmes, to inform intervention design, identify communities ripe for
This study contributes to the development of a metric that can be used in community-based
programmatic targeting, and diagnose factors related to intervention effectiveness. Such a metric may
health and development programmes, to inform intervention design, identify communities ripe for
be useful for any programme that targets collective behaviours. It may be particularly beneficial for
programmatic targeting, and diagnose factors related to intervention effectiveness. Such a metric may
the WASH sector, as differentials in CE factors may help explain poor uptake of community-based
be useful for any programme that targets collective behaviours. It may be particularly beneficial for
WASH interventions, regression to unimproved behaviours, and lower than expected health gains.
the WASH sector, as differentials in CE factors may help explain poor uptake of community-based
The structures derived through our factor analytical approach reflect rigorously derived
WASH interventions, regression to unimproved behaviours, and lower than expected health gains.
measurement models that are grounded in theory and evidence-based. Findings from our
The structures derived through our factor analytical approach reflect rigorously derived
exploratory analyses suggested that CE is a complex, multi-dimensional social construct. EFA-derived
measurement models that are grounded in theory and evidence-based. Findings from our
exploratory analyses suggested that CE is a complex, multi-dimensional social construct. EFAderived factor structures suggest that social response, social networks, social attachment, common
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factor structures suggest that social response, social networks, social attachment, common vision,
associational participation, and community organization and leadership are important factors in the
measure of CE among men and women in rural Ethiopia. These factors reflect domains related to
social cohesion, informal social control, and cognitive and structural social capital.
Elucidating these CE factors and examining their constituent sub-constructs is important to
consider for the design of intervention content and development of implementation strategies.
In terms of content, failing to acknowledge and address these CE factors as part of community-based
intervention approaches may be problematic for the uptake of such interventions. For instance, a lack of
common vision may prove to be a barrier to communities accepting WASH facilities coverage and use
targets as communal goals. If the issue of common vision is not addressed alongside mainstream WASH
intervention activities, the intervention may fail to stimulate the collective action and cooperative
behaviour necessary to achieve programmatic goals at the community level. When collective goals are
set, progress toward them may be inhibited in the presence of inadequate or insufficiently nurtured
supporting social networks, which may limit the diffusion of innovations within a community [66].
It may be beneficial for interventions to leverage and strengthen social networks to facilitate uptake
of improved WASH practices while also addressing personal agency and social inclusion of women
within community structures. Addressing these CE factors within the context of community-based
interventions may therefore create an environment more conducive to engendering and maintaining
positive change. In terms of implementation strategies, it is important to consider CE factors and
differentials in factor scores when determining at whom interventions are targeted, and through which
mechanisms they are being delivered. Interventions that target programme participants who have low
perceptions of self- and collective agency, and are not well positioned to serve as change agents within
their households, social networks, and community may prove to be ineffective. Poor associational
participation among women may impede adoption and maintenance of improved WASH behaviours,
particularly those aimed at infants and young children, when interventions are delivered through
community associations or groups. Other mechanisms and intervention techniques, such as one-on-one
skills-based household counselling visits may serve to better facilitate behavioural uptake while also
enhancing action knowledge and improving self-efficacy perceptions in contexts where women do not
readily engage with community groups. Several CE factors may need to be addressed through different
types of intervention techniques, which should be considered from the outset of intervention design.
The CE structures revealed by our EFA analyses differed slightly from our hypothesised
framework. For example, in our hypothesised CE framework, we conceived that agency would emerge
as an independent CE factor/dimension encompassing items related to individual- and collective-level
perceptions. However, results from our factor analyses indicated that these agentic concepts are
closely tied to social networks and social attachment for men and women, respectively. These findings
may suggest that agency perceptions are constituent influencers of these sub-constructs as opposed
to being important stand-alone CE factors. On the other hand, agency may not have emerged as
an independent factor in our EFA given some aspects of autonomy control beliefs, motivational
commitment to communal goals, resilience to adversity, and performance accomplishments were not
fully represented within the CE survey. The literature suggests an array of conceptual definitions
for CE and its constituent sub-constructs, and our EFA-derived factor structures did not deviate
considerably from our hypothesised framework. Therefore, we found sufficient theoretical justification
to support our refined, EFA-derived factor structures.
Our EFA exposed some key differences in gender-specific factor structures. We used a
two-pronged approach to compare CE among men and women by first examining gender-specific CE
mechanisms via single-group measurement models, and then assessing perceptions of common CE
factors between genders via comparison of factor scores. One of the most notable distinctions with
regard to underlying CE mechanisms (i.e., factor structures) was that personal agency was linked
to different sub-constructs in the two gender-specific measurement models. These findings suggest
that for women, one’s sense of self-agency is linked to one’s sense of belonging or social attachment,
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while for men, it is linked to expectations regarding the responsiveness of one’s social networks.
This may be a result of a higher level of social inclusion, mobility, and ability of men to engage more
readily with both formal and informal community structures in the rural Ethiopian context. We also
observed that community leadership emerged as its own CE factor in the men’s CE measurement
model, while these items loaded to the “community organisation and leadership” factor in the women’s
model. This may be an artefact of men having more access to and engagement with people holding
such positions within the community.
Our scales produced quantitative measures of CE for all respondents in the form of factor scores
for each CE factor. Higher scores reflected higher levels of perceived behavioural control over the
respective CE sub-constructs. These findings revealed that, overall, men scored higher on all CE factors
than women. This is notable not only for gendered WASH interventions that may be targeting female
caregivers as their primary programme participants, but any community-based programme seeking
to address gender and women’s empowerment, more broadly. For WASH interventions specifically,
the sector should note that our findings suggest women may not inherently be in a position to influence
adoption of promoted behaviours and practices readily among their peers, across all contexts. In order
for such interventions to effectively engage women, they may need to address aspects of perceived
agency and social inclusion alongside programme-specific objectives. These findings corroborate
existing evidence [24,26,67] that women often suffer from various “gendered structures of constraint”,
including limitations related to social inclusion, civic engagement, and membership and participation
in community structures. CE factor scores suggest that differences in the social inclusion of men and
women in rural Ethiopia appear to have created disparities in terms of their perceived individual- and
community-level behavioural control perspectives.
We observed differences between men’s and women’s CE perceptions for a variety of reasons.
Becoming aware of the disparities in CE factor scores should influence sampling methodology.
Implementers interested in assessing CE and targeting or evaluating programmes that operate at
a collective level should measure CE among both men and women to yield data that are representative
of the larger programme population. Such a sampling approach will offer a more holistic, less
biased appraisal of CE that accounts for heterogeneity of perspectives. This can be done through the
employment of our parsimonious scale, which is suited for use among both men and women. CE scale
results can be used to inform the design of community-based interventions. Findings from CE surveys
may help identify the specific CE factors that need to be addressed, across genders, depending on an
intervention’s target audience (e.g., women, men, both women and men).
Although our results suggest a more comprehensive and complex underlying CE factor structure
than previous studies, these findings do corroborate results from some of the existing literature.
When considering the existing empirical evidence, certain sub-constructs seem to transcend contexts,
languages, and culture when it comes to the measure of CE. Two of the factors proposed from a study
examining CE in the context of community computing in Blacksburg, Virginia, USA [35]—belonging
or social attachment and association (associational participation, in our case)—were also indicated
in our refined gender-specific and final, parsimonious CE measurement scales. While activism and
informedness, the two other factors identified through that study, did not emerge as factors in our
analyses, items that represented these concepts were included in our refined gender-specific and final,
parsimonious CE scales. Our findings suggest that social cohesion and informal social control domains
proposed by authors of a study investigating CE and violent crime in urban Chicago, Illinois, USA [19]
are important for the measure of CE, but do not necessarily manifest as factors themselves.
Our more comprehensive factor structures were substantively justified, and suggest that our CE
scales include additional factors and items not included in other metrics. This is likely an artefact of
the emphasis we placed on the activities conducted during the first two steps of our scale development
process. To our knowledge, based on information provided in the literature, previous CE scale
development studies did not include or heavily emphasise these scale development steps. As a result,
our CE scales reveal more CE factors than the alternatives, and may therefore allow for a more accurate
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measure of CE and its effect on important behavioural outcomes at the community level. It seems
fitting that a construct as complex as CE would need to draw on a more nuance underlying structure
to ensure content validity.
This study had several procedural and analytical strengths and limitations. Our scale development
and validation approach was a strength in that it reflected a mixed-methodological process that
included focus group discussions and cognitive validation. We actively reflected on these qualitative
data, which we used along with other theoretical and empirical evidence to make evidence-based,
substantively justified modelling decisions. The size of our female sample may have been a limitation.
While our gender-specific split-half sub-samples met common sample size guidelines, our sample
size-dependent model fit statistics (e.g., χ2 p-value) indicated the sample sizes may have only been
borderline sufficient for a factor structure as complex as those related to our CE measurement models.
While our deliberation of possible factor models was heavily informed by substantive considerations,
there is a dearth of existing theoretical and empirical evidence on collective efficacy in low literacy
and resource poor settings such as those in which this research was carried out. Our own qualitative
evidence aside, it is possible that decisions based on substantive considerations were not appropriate
in these contexts. As such, the factor structures identified through our analyses may not necessarily
generalise to other populations. Similarly, these findings may not translate to individuals and
populations in which mental well-being is poor, and depression and anxiety are common, as these
factors may interact with other behavioural determinants to influence behavioural control perceptions.
The external validity of our proposed CE measurement metrics, including their ecological
(generalisability to other settings), population (generalisability to other people), and historical
(generalisability over time) validity requires further examination [68]. We agree with our colleagues
from the water insecurity sector that context-specific scales are advisable [69–71]. We recognise that
the underlying structure of CE, as an inferential process, may differ substantially from context to
context, as related sub-constructs are largely informed by context-specific political economies and
social schemas. For instance, factors related to empirical and normative expectations regarding
cooperative behaviour that likely inform perceptions regarding agentic concepts such as self- and
collective efficacy are steeped in rich historical and cultural traditions may not be comparable on a
global scale. In some contexts, women may be more integrated into endogenous community structures,
so gendered differentials in associational participation, social networks, and perceptions regarding
social attachment may be less pronounced in those settings. In environments such as India, where
caste and class structures are important, different CE-related factors, such as social disorder may have
a stronger influence on personal and collective-level behaviour control perceptions [72]. Findings from
additional formative research and psychometric assessment efforts both in Ethiopia and elsewhere can;
however, enhance our early CE work, further assess the validity of our CE scale, and reveal whether
various CE sub-constructs transcend contexts.
5. Conclusions
Our CE scales offer new tools for the examination of collective behaviour factors. These tools
can be used for programmatic targeting, intervention design, and diagnostic investigations into the
role CE factors play in the uptake of community-based interventions and their impacts on health
and development. They also facilitate the generation of evidence related to factors falling along the
causal chain, which may explain why biologically plausible health gains are not being achieved by
WASH interventions, as expected. Important differences in perceptions related to CE factors among
men and women exist. These disparities should be acknowledged and addressed in the design of
intervention content and implementation strategies for community-based interventions, particularly
those promoting improved WASH behaviours for infants, young children, and their caregivers.
Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/15/10/2139/s1,
Table S1: Univariate descriptive statistics: Frequency of responses by split-halves and gender.
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Appendix A
Table A1. Administered 50-Item Collective Efficacy Tool.
Hypothesised Domain

Hypothesised Factors

Social disorder

Item Name

Survey Item (i.e., Prompt)

Description of Hypothesised Facets

HARMONY

People in this community live in harmony with each other most of the time.

Sense of harmony within the
collective/community

CHEATS

In this community, you have to be careful, otherwise your neighbours may cheat you.

Perceived presence of deceitful individuals

CRIMECON

In this community, conflicts like stealing and fighting often occur.

Perceived presence of incivility, delinquent
behaviour

SAFEATHO *

When I am at home alone, I feel safe from threats of crime.

Feeling of safety while at home, in the community

SIMBLIEF

Most people in this community have similar beliefs about what is right and
what is wrong.

Collective morals

INTERCRI

If the people of this community see crime-like activities, they will do
something about it.

Willingness to intervene

SLVDISPU

If there is a big dispute between two persons, other people from the
community will help in solving the problem.

Community’s propensity to address
sub-community-level issues, engage in
conflict-resolution

HLPCRPDZ

If there is a problem that affects the entire community, for instance, crop
disease, people in this community will help each other.

Community’s propensity to address
community-wide issues, engage in
conflict-resolution

SUPMOURN

If someone in this community had a death in their family, the community will
come together to support them while they mourn.

Social support & comforting

COMPRSLV

When there is a problem in this community, people come together to discuss
how it should be solved.

Group problem-solving, conflict-resolution

CONTRDEV

The people of this community will contribute their own money or labour for
community development.

Common moral principles & codes of behaviour

DIFPROBS

Differences between people, such as the amount of land they own, often causes
problems in this community.

Tolerance

HAPPYNEI *

I feel happy for my neighbour if they have a good harvest.

Vicarious affective feelings—happiness

Informal social control
Social response
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Table A1. Cont.
Hypothesised Domain

Social cohesion

Hypothesised Factors

Social capital

Item Name

Survey Item (i.e., Prompt)

Description of Hypothesised Facets

COMTRUST

People in this community can be trusted.

Perceived trust in collective/community members

ADVICE *

I typically accept advice from others in this community.

Willingness to receive, access to guidance from
endogenous entities/individuals

SHAREKNO

People in the community share new knowledge with their neighbour if they
learn something new.

Information sharing, diffusion of knowledge
within the collective

CLOSE

This is a close-knit community (i.e., people in this community have close
personal relationships with each other).

Strength of social bonds within
collective/community

OWNWELF

In this community, people prioritise their own family’s welfare over community
development.

Commitment to collective development, goal
attainment

LOSTCOW

If someone in this community loses a cow or goat, a neighbour will help look
for it.

BORMONEY

If you suddenly need some money, you can borrow from a person or group in
your community.

NEICAREG

If you & your relatives suddenly had to go away for a day or two, you could
count on your neighbours to take care of your children.

Perceived responsiveness of social networks,
expectations that help will be given to/received by
others when in need, individuals cooperating to
support one another for either one-sided or
mutual gain §

HAVEFRND *

In this community, I have friends with whom I can share my problems.

COME4HLP *

My neighbours sometimes come to me to share their problems and get help.

Reciprocity of individual-level problem-solving

UNOFLDRS

There are people in this community who show strong leadership.

Perceived presence of individuals demonstrating
attributes of leadership

COMACTCG †

The community-based associations, such as the Edir, in this community is very
active.

Activity level of endogenous community
structures

ACTLDR1 †

The leaders of community-based associations, like Edir leaders, respond to
this community’s concerns.

Responsiveness, strength of the leaders of
endogenous community structures to community
concerns

ACTLDR2 ‡

Formal administrative leaders, like the kebele manager, provide support to this
community.

Supportiveness of the leaders of exogenous
community structures

Availability of support networks for
individual-level problem-solving

TRUSTLDR

This community’s leaders can be trusted.

Perceived social trust in community leaders

CHOCGLDR †

People in this community get to choose the leaders of their own
community-based associations, such as the Edir leaders.

Civic engagement in endogenous community
structures, community-selected representation

COPARTCG †,‡

Most people in this community participate in community associations.

Community engagement in endogenous and
exogenous community structures

ACTCBGP *,†

I attend meetings of a community-based association, such as the Edir.

Personal associational membership/participation,
endogenous community structures

PARTCBGP *,†

I participate in activities held by any community-based associations, such as
the Edir.

Personal involvement/participation in activities
organised by endogenous community structures

ACTEXOGP *,‡

I attend the meetings of any government or NGO-initiated community
development group, such as the Development Army.

Personal associational membership/participation,
exogenous community structures

PAREXOGP *,‡

I participate in activities held by any government or NGO-initiated
community development group, such as the Development Army.

Personal involvement/participation in activities
organised by exogenous community structures
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Table A1. Cont.
Hypothesised Domain

Hypothesised Factors

Item Name

Survey Item (i.e., Prompt)

Description of Hypothesised Facets

COMMGDEC

When community groups make decisions, they are pleasing and good for most
of the households in this community.

Social equity prioritised during community
decision-making processes

BRIBELDR

Sometimes people need to bribe community leaders in order to get things done.

Corruption among community leaders

DISTCRIS

During a crisis situation, such as drought, government services are distributed
equally by the community to all households in need.

Equal distribution of exogenous resources
during crises

RESTRSER

Some households in this community are restricted from community services, such as
bed net distribution.

Social injustice, restrictions to resources

COMMVALU

Most people in this community have common values, for example, they value
hard work.

Shared values, ethics

SIMHOPES

Most people in this community have similar hopes about the future
development of the community.

Common hopes for community goal
attainment, performance

COMMGMT

People in this community share the same ideas on how village matters should
be managed.

Collective ideals, common civic culture

ACCEPT

People in this community accept me as a member of the community.

Social acceptance within the collective/community

ATTACH *

I feel attached to this community and its people.

Place attachment

PROUD *

I feel proud to be part of this community.

Pride in being a member of
the collective/community

IDENTITY *

Being a member of this community is part of who I am.

Place identity, sense of belonging

SELFEFF *

I have the capacity to achieve my future aims.

Perceived individual-level behavioural control
over personal goal attainment

SEDEV *

I have the ability to contribute to this community’s development.

Perceived individual-level behavioural control
over contribution to collective/group goal
attainment

COLLEFF

People in this community have the capacity to make positive changes by
coming together.

Perceived community-level behavioural control;
capacity and autonomy control beliefs

EXOASSIS

This community needs assistance from others outside the community in order to make
positive changes.

Perceived reliance on exogenous support to
facilitate goal attainment

SHOULDEV

People in this community should work together to develop the community.

Normative expectations regarding collective action

Social equity

Social cohesion
Common values

Community attachment

Behavioural control

Agency

Notes: Indicated sub-constructs reflect those conceptualised via our hypothesised collective efficacy framework. Items presented in italicised font were hypothesised to have an
inverse relationship with CE. Given the various conceptualisations of these latent constructs, substantive justification existed for the re-conceptualisation articulated in our EFA-derived
factor structures. * self-referent item prompts about the respondent’s own sense of self, agency, autonomy, and level of engagement within his/her community; all other items reflect
group-referent items prompts about ecological aspects of the respondent’s community; † items that refer to endogenous community structures (e.g., community-initiated/organised
community associations)—local endogenous structures used as examples, but should be adapted to the given local context; ‡ items that refer to exogenous community structures (e.g.,
government or NGO-initiated/organised community associations)—local exogenous structures used as examples, but should be adapted to the given context; § measured through different
scenarios reflecting different levels of urgency/need.
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Table A2. Factor Loadings from Preliminary CFA of Our Hypothesised CE Framework, Men.
Factors and Associated Items

Item

Initial Prelim. CFA (nM = 1105)

Refined † Prelim. CFA (nM = 1105)

Factor 1: Agency (average factor loading on refined CFA = 0.735)
People in this community have the capacity to make positive changes by coming together.
I have the ability to contribute to this community’s development.
People in this community should work together to develop the community.
I have the capacity to achieve my future aims.
This community needs assistance from others outside the community in order to make positive changes.

COLLEFF
SEDEV
SHOULDEV
SELFEFF
EXOASSIS

0.804 *
0.775 *
0.747 *
0.612 *
0.011

0.799 *
0.778 *
0.744 *
0.617 *
-

Factor 2: Common values (average factor loading on refined CFA = 0.831)
Most people in this community have common values, for example, they value hard work.
People in this community share the same ideas on how village matters should be managed.
Most people in this community have similar hopes about the future development of the community.

COMMVALU
COMMGMT
SIMHOPES

0.779 *
0.877 *
0.838 *

0.778 *
0.877 *
0.839 *

INTERCRI
COMPRSLV

0.446 *
0.718 *

0.444 *
0.719 *

SLVDISPU

0.710 *

0.712 *

Factor 3: Social response (average factor loading on refined CFA = 0.573)
If the people of this community see crime-like activities, they will do something about it.
When there is a problem in this community, people come together to discuss how it should be solved.
If there is a big dispute between two persons, other people from the community will help in solving
the problem.
If there is a problem that affects the entire community, for instance, crop disease, people in this
community will help each other.
The people of this community will contribute their own money or labour for community development.
If someone in this community had a death in their family, the community will come together to support
them while they mourn.
I feel happy for my neighbour if they have a good harvest.
Most people in this community have similar beliefs about what is right and what is wrong.
Differences between people, such as the amount of land they own, often causes problems in
this community.
Factor 4: Social order (average factor loading on refined CFA = 0.539)
People in this community live in harmony with each other most of the time.
In this community, you have to be careful, otherwise your neighbours may cheat you.
In this community, conflicts like stealing and fighting often occur.
When I am at home alone, I feel safe from threats of crime.
Factor 5: Social capital (average factor loading on refined CFA = 0.671)
People in this community can be trusted.
I typically accept advice from others in this community.
People in the community share new knowledge with their neighbour if they learn something new.
This is a close-knit community (i.e., people in this community have close personal relationships with
each other).
If someone in this community loses a cow or goat, a neighbour will help look for it.
If you suddenly need some money, you can borrow from a person or group in your community.
If you and your relatives suddenly had to go away for a day or two, you could count on your
neighbours to take care of your children.
There are people in this community who show strong leadership.
The community-based associations, such as the Edir, in this community are very active.
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HLPCRPDZ

0.689 *

0.686 *

CONTRDEV

0.660 *

0.660 *

SUPMOURN

0.520 *

0.521 *

HAPPYNEI
SIMBLIEF

0.445 *
0.399 *

0.442 *
0.399 *

DIFPROBS

−0.267 *

-

HARMONY
CHEATS
CRIMECON
SAFEATHO

0.818 *
−0.304 *
−0.284 *
0.150 *

0.984 *
−0.305 *
−0.327 *
-

COMTRUST
ADVICE
SHAREKNO

0.631 *
0.591 *
0.646 *

0.631 *
0.593 *
0.648 *

CLOSE

0.677 *

0.676 *

LOSTCOW
BORMONEY

0.535 *
0.605 *

0.533 *
0.609 *

NEICAREG

0.588 *

0.588 *

UNOFLDRS
COMACTCG

0.660 *
0.622 *

0.656 *
0.626 *
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Table A2. Cont.
Factors and Associated Items

Item

Initial Prelim. CFA (nM = 1105)

Refined † Prelim. CFA (nM = 1105)

The leaders of community-based associations, like Edir leaders, respond to this community’s concerns.
Formal administrative leaders, like the kebele manager, provide support to this community.
This community’s leaders can be trusted.
People in this community get to choose the leaders of their own community-based associations, such as
the Edir leaders.
In this community, I have friends with whom I can share my problems.
My neighbours sometimes come to me to share their problems and get help.
Most people in this community participate in community associations.
I attend meetings of a community-based association, such as the Edir.
I participate in activities held by any community-based associations, such as the Edir.
I participate in activities held by any government or NGO-initiated community development group,
such as the Development Army.
I participate in activities held by any government or NGO-initiated community development group,
such as the Development Army.
In this community, people prioritise their own family’s welfare over community development.

ACTLDR1
ACTLDR2
TRUSTLDR

0.615 *
0.619 *
0.766 *

0.614 *
0.610 *
0.764 *

CHOCGLDR

0.521 *

0.520 *

HAVEFRND
COME4HLP
COPARTCG
ACTCBGP
PARTCBGP

0.633 *
0.700 *
0.881 *
0.888 *

0.637 *
0.698 *
0.885 *
0.892 *

ACTEXOGP

0.804 *

0.804 *

Factor 6: Social equity (average factor loading on refined CFA = 0.573)
When community groups make decisions, they are pleasing and good for most of the households in
this community.
During a crisis situation, such as a drought, government services are distributed equally by the
community to all households in need.
Sometimes people need to bribe community leaders in order to get things done.
Some households in this community are restricted from community services, such as bed
net distribution.
Factor 7: Community attachment (average factor loading on refined CFA = 0.865)
I feel attached to this community and its people.
I feel proud to be part of this community.
Being a member of this community is part of who I am.
People in this community accept me as a member of the community.

PAREXOGP

0.781 *

0.781 *

OWNWELF

0.139 *

-

COMMGDEC

0.728 *

-

DISTCRIS

0.435 *

-

BRIBELDR

−0.226 *

-

RESTRSER

−0.223 *

-

ATTACH
PROUD
IDENTITY
ACCEPT

0.813 *
0.936 *
0.868 *
0.842 *

0.814 *
0.935 *
0.869 *
0.841 *

Notes: Matrix: Polychoric correlations; Estimation method: WLSMV with sandwich estimator to adjust for non-independence of observations within 50 kebele clusters; Extraction: Combination
of Kaiser-Guttman rule (i.e., eigenvalue > 1.0), scree test, goodness-of-fit indices, and substantive justification grounded in theoretical and empirical evidence; Rotation: Promax; * two-tailed
p ≤ 0.05; † Refined CFA reflects post hoc model adjustments, such as item reduction due to non-salient (loadings < 0.32) or non-significant (two-tailed p > 0.05) factor loadings.
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Table A3. Factor Loadings from Preliminary CFA of Our Hypothesised CE Framework, Women.
Factors and Associated Items
Factor 1: Agency (average factor loading on refined CFA = 0.723)
People in this community have the capacity to make positive changes by coming together.
I have the ability to contribute to this community’s development.
People in this community should work together to develop the community.
I have the capacity to achieve my future aims.
This community needs assistance from others outside the community in order to make
positive changes.
Factor 2: Common value (average factor loading on refined CFA = 0.811)
Most people in this community have common values, for example, they value hard work.
People in this community share the same ideas on how village matters should be managed.
Most people in this community have similar hopes about the future development of
the community.
Factor 3: Social response (average factor loading on refined CFA = 0.623)
If the people of this community see crime-like activities, they will do something about it.
When there is a problem in this community, people come together to discuss how it should
be solved.
If someone in this community had a death in their family, the community will come together to
support them while they mourn.
The people of this community will contribute their own money or labour for
community development.
If there is a big dispute between two persons, other people from the community will help in
solving the problem.
If there is a problem that affects the entire community, for instance, crop disease, people in this
community will help each other.
I feel happy for my neighbour if they have a good harvest.
Most people in this community have similar beliefs about what is right and what is wrong.
Differences between people, such as the amount of land they own, often causes problems in
this community.
Factor 4: Social order (dropped from factor model given only 1 item with salient factor loading)
People in this community live in harmony with each other most of the time.
In this community, you have to be careful, otherwise your neighbours may cheat you.
In this community, conflicts like stealing and fighting often occur.
When I am at home alone, I feel safe from threats of crime.
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Item

Initial Prelim. CFA (nW = 726)

Refined † Prelim. CFA (nW = 726)

COLLEFF
SEDEV
SHOULDEV
SELFEFF

0.812 *
0.703 *
0.692 *
0.691 *

0.807 *
0.703 *
0.689 *
0.692 *

EXOASSIS

0.231 *

-

COMMVALU
COMMGMT

0.763 *
0.874 *

0.762 *
0.878 *

SIMHOPES

0.794 *

0.792 *

INTERCRI

0.474 *

0.475 *

COMPRSLV

0.888 *

0.888 *

SUPMOURN

0.732 *

0.740 *

CONTRDEV

0.699 *

0.700 *

SLVDISPU

0.681 *

0.679 *

HLPCRPDZ

0.659 *

0.659 *

HAPPYNEI
SIMBLIEF

0.523 *
0.331 *

0.526 *
0.316 *

DIFPROBS

0.009

-

HARMONY
CHEATS
CRIMECON
SAFEATHO

0.666 *
0.053
−0.040
0.242 *

-
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Table A3. Cont.
Factors and Associated Items
Factor 5: Social capital (average factor loading on refined CFA = 0.661)
People in this community can be trusted.
I typically accept advice from others in this community.
People in the community share new knowledge with their neighbour if they learn
something new.
This is a close-knit community (i.e., people in this community have close personal relationships
with each other).
In this community, people prioritise their own family’s welfare over community development.
If someone in this community loses a cow or goat, a neighbour will help look for it.
If you suddenly need some money, you can borrow from a person or group in your community.
If you and your relatives suddenly had to go away for a day or two, you could count on your
neighbours to take care of your children.
There are people in this community who show strong leadership.
The community-based associations, such as the Edir, in this community are very active.
The leaders of community-based associations, like Edir leaders, respond to this
community’s concerns.
Formal administrative leaders, like the kebele manager, provide support to this community.
This community’s leaders can be trusted.
People in this community get to choose the leaders of their own community-based associations,
such as the Edir leaders.
In this community, I have friends with whom I can share my problems.
My neighbours sometimes come to me to share their problems and get help.
Most people in this community participate in community associations.
I attend meetings of a community-based association, such as the Edir.
I participate in activities held by any community-based associations, such as the Edir.
I participate in activities held by any government or NGO-initiated community development
group, such as the Development Army.
I participate in activities held by any government or NGO-initiated community development
group, such as the Development Army.
Factor 6: Social equity (dropped from factor model given only 2 items with salient factor loadings)
When community groups make decisions, they are pleasing and good for most of the
households in this community.
Sometimes people need to bribe community leaders in order to get things done.
During a crisis situation, such as a drought, government services are distributed equally by the
community to all households in need.
Some households in this community are restricted from community services, such as bed
net distribution.
Factor 7: Community attachment (average factor loading on refined CFA = 0.884)
I feel attached to this community and its people.
Being a member of this community is part of who I am.
People in this community accept me as a member of the community.
I feel proud to be part of this community.

Item

Initial Prelim. CFA (nW = 726)

Refined † Prelim. CFA (nW = 726)

COMTRUST
ADVICE

0.644 *
0.601 *

0.636 *
0.605 *

SHAREKNO

0.630 *

0.628 *

CLOSE

0.749 *

0.744 *

OWNWELF
LOSTCOW
BORMONEY

0.335 *
0.580 *
0.636 *

0.342 *
0.585 *
0.635 *

NEICAREG

0.602 *

0.602 *

UNOFLDRS
COMACTCG

0.726 *
0.690 *

0.723 *
0.692 *

ACTLDR1

0.770 *

0.770 *

ACTLDR2
TRUSTLDR

0.660 *
0.713 *

0.656 *
0.702 *

CHOCGLDR

0.741 *

0.742 *

HAVEFRND
COME4HLP
COPARTCG
ACTCBGP
PARTCBGP

0.756 *
0.768 *
0.624 *
0.584 *
0.579 *

0.759 *
0.772 *
0.624 *
0.587 *
0.580 *

ACTEXOGP

0.749 *

0.756 *

PAREXOGP

0.729 *

0.733 *

COMMGDEC

0.650 *

-

BRIBELDR

−0.227 *

-

DISTCRIS

0.509 *

-

RESTRSER

−0.105 *

-

ATTACH
IDENTITY
ACCEPT
PROUD

0.889 *
0.882 *
0.875 *
0.889 *

0.888 *
0.882 *
0.875 *
0.890 *

Notes: Matrix: Polychoric correlations; Estimation method: WLSMV with sandwich estimator to adjust for non-independence of observations within 50 kebele clusters; Extraction: Combination
of Kaiser-Guttman rule (i.e., eigenvalue > 1.0), scree test, goodness-of-fit indices, and substantive justification grounded in theoretical and empirical evidence; Rotation: Promax * two tailed
p ≤ 0.05; † Refined CFA reflects post hoc model adjustments, such as item reduction due to non-salient (loadings < 0.32) or non-significant (two-tailed p > 0.05) factor loadings.
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Table A4. Comparison of Model Fit Statistics from Preliminary CFA of Our Hypothesised CE Framework and CFA of EFA-Derived CE Factor Solutions.
Preliminary CFA of Hypothesised CE Framework

χ2
df
χ2 :df
p-value
RMSEA (90%
CI)
CFI
TLI
WRMR

Women

Men

Fit Statistic

CFA of EFA-Derived Factor Solutions
Men

Women

Initial CFA

Refined CFA *

Initial CFA

Refined CFA *

Initial CFA

Refined CFA *

Initial CFA

Refined CFA *

2312.227
1106
2.091
<0.001
0.031
(0.030–0.033)
0.911
0.905
1.962

1991.259
764
2.606
<0.001
0.038
(0.036–0.040)
0.911
0.904
2.089

2810.783
1154
2.436
<0.001
0.044
(0.042–0.047)
0.897
0.891
2.124

2488.535
730
3.409
<0.001
0.058
(0.055–0.060)
0.895
0.888
2.344

721.300
504
1.431
<0.001
0.028
(0.023–0.032)
0.970
0.966
1.047

618.517
413
1.498
<0.001
0.030
(0.025–0.035)
0.971
0.968
1.005

858.865
607
1.415
<0.001
0.034
(0.029–0.039)
0.964
0.960
1.137

755.374
480
1.574
<0.001
0.040
(0.034–0.045)
0.962
0.958
1.168

Notes: WLSMV estimation with sandwich estimator to adjust for non-independence of observations with 50 kebele clusters; * Refined CFA reflects post hoc model adjustments, such as item
reduction due to non-salient (loadings < 0.32) or non-significant (two-tailed p > 0.05) factor loadings; Abbreviations: df = degrees of freedom; RMSEA = Root Mean Square Error of
Approximation; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; WRMR = Weighted Root Mean Square Residual.

Table A5. Model Fit Statistics for CFA of Refined Single-Group and Parsimonious (Overlapping Items) Models.
Refined, Single-Group CFA Models *
Fit Statistic
χ2
df
χ2 :df
p-value
RMSEA (90% CI)
CFI
TLI
WRMR

Fit of Male, Female Data to Parsimonious Model

Men

Women

Men

Women

Saturated Model, All Items

Saturated Model, All Items

Overlapping Items Only

Overlapping Items Only

618.517
413
1.498
<0.001
0.030 (0.025–0.035)
0.971
0.968
1.005

755.374
480
1.574
<0.001
0.040 (0.034–0.045)
0.962
0.958
1.168

536.910
309
1.738
<0.001
0.037 (0.031–0.042)
0.965
0.961
1.148

503.073
309
1.628
<0.001
0.042 (0.035–0.048)
0.967
0.963
1.070

Notes: WLSMV estimation with sandwich estimator to adjust for non-independence of observations with 50 kebele clusters; * Refined CFA models reflect post hoc model adjustments, such
as item reduction due to non-salient (loadings < 0.32) or non-significant (two-tailed p > 0.05) factor loadings; Abbreviations: df = degrees of freedom; RMSEA = Root Mean Square Error of
Approximation; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; WRMR = Weighted Root Mean Square Residual.
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Table A6. Competing MIMIC Models: Fit Statistics, Unstandardised B Estimates, Standard Errors, and Standardised β Estimates.
Model

n

χ2 (df)

∆ χ2 (df)

RMSEA (90% CI)

CFI

TFI

B

S.E.

β

MIMIC models with gender covariate only
1. Baseline MIMIC model—i.e., CE measurement model with ALL latent factors
regressed on gender, no direct effects between gender & item indicators
2. Model 1 (i.e., ALL latent factors regressed on gender) + direct path between
HARMONY item indicator and gender

910

731 (330)

N/A

0.037 (0.033–0.040)

0.966

0.961

-

-

-

910

717 (329)

31 *

0.036 (0.032–0.040)

0.967

0.962

−0.453 *

0.081

−0.444 *

0.965

0.960

-

-

-

0.966

0.961

−0.457 *

0.081

−0.448 *

0.967

0.961

0.321 *

0.083

0.299 *

0.967

0.962

-

-

-

MIMIC models with gender AND household leadership status covariates
3. More saturated baseline MIMIC model with ALL latent factors regressed on gender
907
746 (351)
N/A
0.035 (0.032–0.039)
AND leadership, no direct effects between covariates & items
4. Model 3 (ALL latent factors regressed on gender and leadership covariates) + direct
907
731 (350)
32 *
0.035 (0.031–0.038)
path between HARMONY item indicator and gender
5. Model 4 + direct path between ACTEXOGP item indicator and leadership covariate
907
727 (349)
15 *
0.035 (0.031–0.038)
6. More saturated baseline MIMIC model with ONLY latent factors significant on Model
907
730 (355)
N/A
0.034 (0.031–0.038)
3 regressed on gender and leadership

Notes: Matrix: Polychoric correlations; Estimation method: WLSMV with sandwich estimator to adjust for non-independence of observations within 50 kebele clusters; ∆ χ2 assessed via
DIFFTEST; B: unstandardised estimate; S.E. = standard error; β: standardised estimate; * p ≤ 0.001, though χ2 statistics are sensitive to sample size, therefore, DIFFTEST statistics are likely
to be significant with large samples; Baseline MIMIC model regressed latent variables on gender and household leadership status; additional direct effect paths between gender and
leadership covariates incorporated in subsequent models via step-wise forward selection based on the magnitude of the item indicator’s modification index; Model 4 reflects final MIMIC
model (i.e., model identified with the best fit and most substantively justified factor structure.
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ADDITIONAL METHODS
Additional sampling methodology related to the larger Andilaye trial
For the larger Andilaye trial, we employed a structured sampling strategy to randomly select
eligible sub-district (kebele) clusters and study households. The primary sampling unit for the Andilaye
trial was the kebele; specifically, any rural or peri-urban kebele within three districts (woredas – Bahir
Dar Zuria, Fogera, and Farta) of Amhara, Ethiopia that is accessible throughout the course of the year.
The ultimate sampling unit for this study was the household; specifically, any household residing in
a targeted, sentinel village (gott) within a randomly selected study kebele. We randomly selected
households for inclusion in the study by using a random number generator to identity approximately
30 households from a sampling frame of all households in the selected gott that had at least one child
between the ages of 1-9 years. We conducted our CE sub-study amongst the households enrolled in
the Andilaye trail.
When the primary target respondents for our survey were not present, one of the following adult
household members was engaged (listed preferentially): any female household member who serves
as a caregiver, any male household member serves as a caregiver, any adult household member.
Additional EFA details
Priority was placed on selecting solutions with model-estimated correlation matrices close in
value to the original sample correlation matrices, and residual correlation matrices with values close
to zero. Such results indicated that factor solutions with the respective number of retained factors
were sufficient for explaining the inter-correlations amongst the observed variables.
Criteria to identify models with simple structure
The following, adapted from Thurstone’s criteria [1], were to identify models with simple
structure and guide iterative re-analysis of CE measurement models subsequent to item reduction
via EFA:

Each item produces at least one zero loading on some factor.

Each factor is measured by a set of items with high loadings on the factor, and at least as many
zero loadings as there are factors.

Each item has a high loading on one factor (i.e., primary loading), and a trivial or close to zero
loading on all remaining factors.

Each pair of factors should have a large proportion of zero loadings on both factors (if there are
four or more factors total).

Each pair of factors should have only a few complex variables.
We used established guidance [2] to define a zero loading, which we deemed as any factor
loading between -0.100 and +0.100. Our definition of significant loading was informed by empirical
evidence as well. Factor loadings with an absolute value greater than 0.320 were considered salient.
Int. J. Environ. Res. Public Health 2018, 15, 1757; doi:10.3390/ijerph15102139
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Items with factor loadings less than this threshold measured the latent factors poorly, and were
eliminated in a step-wise manner [3]. It is worth noting that no broadly accepted guidelines exist for
saliency of factor loadings, but pattern coefficients in the range of 0.300-0.400 are often interpreted by
analysts as salient in applied research [4]. We defined complex variables as items with factor loadings
of |0.300| on more than one factor [4].
Justification of factor extraction approach
Factor retention was not solely based on the Kaiser-Guttman rule (i.e., eigenvalue >1.0 [5]), but
also considered heuristic descriptive guides (i.e., scree-plot), goodness-of-fit, and other substantive
justification (e.g., results from cognitive interviews, theory and other evidence). The last factor
extracted for the men’s CE model had an eigenvalue of 1.118; the first factor not retained had an
eigenvalue of 1.029. The eigenvalue for the last factor extracted for the women’s CE model was 1.336;
the first factor not retained had an eigenvalue of 1.068. While the first factor not retained for both
men’s and women’s CE measurement models had values above 1.0 threshold, the retention of those
factors was not warranted by strong substantive or statistical justification [4, 6, 7]. Including those
factors merely because their eigenvalues were slightly greater than 1.0 would reflect the sole use of a
mathematically-based descriptive guide for item retention. Such an approach would go against our
pre-analysis plan, disregard heuristic and model fit criteria, and important empirical and theoretical
considerations (e.g., results from cognitive interviews, pilot testing of the CE instrument and other
prior theoretical and empirical evidence).
In addition, many methodologists have criticised and demonstrated that the Kaiser-Guttman
rule can tend to result in overfactoring or underfactoring given sampling error may influence
eigenvalues [2, 4, 8]. While identifying and retaining too few factors (i.e., underfactoring) may result
in an oversimplified understanding of a construct, retaining too many factors (i.e., overfactoring) may
lead to violation of parsimony, which is one primary goal of EFA [4]. Whether over- or underfactoring
occurs, the factor solution that results may lead to unreliable factors and/or errors in interpretation
[2, 8]. Given the more parsimonious (i.e., eight-factor) measurement models were supported by our
knowledge of the existing theoretical and empirical literature base, and other non-mathematicallybased criteria, we felt our factor extraction and retention decisions were sufficiently justified.
ADDITIONAL RESULTS
Univariate statistics: CE survey items
Our CE survey included 50 items for factoring (Appendix A). The top five items to which
respondents most frequently selected “completely agree” aligned for men and women, though there
were some differences with regard to the proportions of those responses between genders (Appendix
SA). These items reflected those related to social solidarity or support for one’s community members
and a sense of pride about being a part of the community: “If someone in this community had a death
in their family, the community will come together to support them while they mourn” (94% of men,
91% of women); “I feel happy for my neighbour if they have a good harvest” (96% of men, 92% of
women); “I feel proud to be part of this community” (91% of men, 73% of women); “If someone in
this community loses a cow or goat, a neighbour will help look for it” (89% of men, 90% of women);
“People in this community get to choose the leaders of their own community-based associations, such
as Edir leaders” (86% of men, 73% of women). The items to which respondents most frequently
selected “completely disagree” also aligned between genders. These items reflected those related to
social disorder and inequity: “Sometimes people need to bribe community leaders in order to get
things done” (71% of men, 52% of women); “Some households in this community are restricted from
community services, such as bed net distribution” (71% of men, 46% of women); “In this community,
conflicts like stealing and fighting often occur” (29% of men, 47% of women); “In this community,
you have to be careful, otherwise your neighbours will cheat you” (25% of men, 30% of women). In
terms of normality of item response distributions, men had 27 items, and women had 15 items with
skewness outside of the suggested range (Appendix SA). The WLSMV estimator we employed for
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our factor analyses makes no distribution assumptions for observed variables, and only assumes a
normal latent distribution underlying each observed categorical variable [9], so no action was taken
to address any non-normal item distributions [4].
Interpretation of factor loadings
It is acceptable and appropriate to consider factor loadings that vary in magnitude across the
various items tapping to a latent factor, as the magnitude of an item’s factor loading reflects the
proximity of the relationship between the item and the factor to which it taps [10]. Factor loadings
may therefore vary in magnitude across the items tapping to a factor based on the proximity of those
relationships [10]. Items that are conceptually less influential (i.e., less proximal) to a given latent
factor could demonstrate a lower factor loading without necessarily signaling poor quality of the
latent factor and poor validity of the measurement model [11]. An item indicator that almost perfectly
reflects a given latent factor should be very highly correlated with it (e.g., as represented by a factor
loading in the range of 0.800-0.900). However, other items tapping to the latent factor that are
conceptually less important or proximal to the factor can, and theoretically should demonstrate lower
factor loadings [10, 12].
Additional preliminary CFA results
We moved forward with post hoc model refinements of preliminary CFA models to eliminate
non-salient and non-significant factor loadings as well as any factors with insufficient component
saturation. For the men’s model, this resulted in the elimination of nine items. One item
(HAVEFRND) was eliminated because it had less than minimal variance (i.e., a response category
with zero observations). Five items were eliminated for non-salient factor loadings
(OWNWELF=0.140, SAFEATHO=0.151, RESTRSER=-0.223, BRIBELDR=-0.226, DIFPROBS=-0.267),
and one item was eliminated because it had both a non-salient and non-significant loading on its
designated factor (EXOASSIS=0.011, p=0.793). After eliminating items that were non-significant and
non-salient, one factor (social equity) remained with only two items, which we did not deem
sufficient for component saturation. We therefore eliminated that factor and the remaining two items
which otherwise demonstrated salient and significant loadings (COMMGDEC=0.717,
DISTCRIS=0.428). The standardised estimates of the remaining factor loadings from this model were
acceptable (Appendix B), and all remaining factors co-varied significantly. The refined preliminary
CFA model of the hypothesized CE framework demonstrated adequate absolute model fit (χ2:df ratio
= 2.606, RSMEA=0.038 [0.036 – 0.040]), but still poor incremental fit (CFI=0.911, TLI=0.904). These
results suggest that our hypothesised CE framework represented a plausible structure of the
mechanisms through which the CE process operates amongst men in the Ethiopian context.
However, poor incremental fit statistics suggested that this may not have been the best fitting model
framework.
For the women’s model, we eliminated a total of ten items. Four items were eliminated as a result
of non-salient factor loadings on the designated factor (RESTRSER=-0.105, BRIBELDR=-0.227,
EXOASSIS=0.231, SAFEATHO=0.242). Three items were eliminated due to non-salient and nonsignificant factor loadings on the designated factor (DIFPROBS=0.009, p=0.868; CRIMECON=-0.040,
p=0.543; CHEATS=0.053, p=0.324). Two factors and their three items were eliminated because the
factors demonstrated insufficient component saturation (the factor representing social order with its
HARMONY item, and the factor representing social equity with its COMMGDEC and DISTCRIS
items). The refined preliminary CFA model only marginally reflected the actual hypothesised
framework, as two factor loadings were non-salient (social order and social equity). The standardised
estimates of the remaining factor loadings from the resulting model were acceptable (Appendix C).
Both absolute and incremental fit statistics indicated poor fitness of the resulting women’s factor
model (χ2:df ratio=3.409, RSMEA=0.058 [0.055–0.060]; CFI=0.895, TLI=0.888). This means that the data
failed to validate the hypothesised CE framework for women respondents, indicating the framework
did not reflect the mechanisms through which the CE process operates for women in the rural
Ethiopian context.
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There was considerable overlap in the items eliminated from both men and women refined,
preliminary CFA models. All but one (OWNWELF) of the items eliminated from the men’s model
were also eliminated from the women’s model, and five of the ten items eliminated from the women’s
model were also eliminated from the men’s model (SAFEATHO, RESTRSER, BRIBELDR, DIFPROBS,
and EXOASSIS).
Additional EFA and CFA results
Complete EFA results reflect coefficients from both rotated (Promax) pattern and structure
matrices along with initial and refined CFA results. While not all factor loadings demonstrated in
Tables 3 and 4 are in the range of excellent to very good – though they are still in the acceptable range
– we hypothesise that some of those items are conceptually more distal (i.e., marginally less
important) to the measurement of the latent factor. We present further details regarding both men
and women EFA-derived measurement models in subsequent sub-sections.
Additional details regarding the men’s EFA and CFA results
During the EFA analyses, we eliminated three items (HAVEFRND, HAPPYNEI, PROUD) due
to less than minimal variance (i.e., no observations in one or more item response category) that
prevented the EFA from being processed in MPlus. We also eliminated twelve items, in a step-wise
manner: ten items were eliminated because they had no salient loadings on any factor (BRIBELDR,
EXOASSIS, SAFEATHO, COPARTCG, CHEATS, INTERCRI, COMMGDEC, CONTRDEV,
SUPMOURN, LOSTCOW); one item (PAREXOGP) was eliminated due to evidence of extreme
multicollinearity with another related item that loaded to the factor; and one item (CRIMECON) was
eliminated because although its pattern coefficient was salient, its structure coefficient was not. This
resulted in a 35-item men’s CE measurement model (with two complex variables) that tapped to
seven factors of CE: social response, social networks and personal agency, social attachment, common
vision, community leadership, associational participation, and community organisation.
Factor one, labelled “social response” corresponded to the informal social control domain,
though it also tapped to certain aspects of cognitive social capital (e.g., trust in community members,
reciprocity of knowledge) that may influence social response. The factor contained nine items that
tap to various facets of perceptions regarding the community’s propensity to address communityand sub-community level issues, including social disorder (e.g., harmony, problem solving, conflictresolution, common moral principles and codes of behaviour), support in times of crisis, and
tolerance. The concepts reflected in this factor align closely with our hypothesised operational
definition of social control, described as an absence of general conflict and threats to the existing
order, effective informal social control, tolerance, and intergroup cooperation (Table 1).
Factor two, labelled “social networks & personal agency” corresponded to the cognitive social
capital domain, though it also tapped to structural social capital, as it reflects the strength and
responsiveness of one’s social structures. The factor comprised of five items that relate to issues
surrounding supporting networks and individuals cooperating to support one another for either
mutual or one-sided gain. Two items related to self-efficacy loaded to this factor. This suggests that
for men, one’s perspectives regarding personal agency (i.e., individual behavioural control) is linked
to perceived expectations that help will be given to or received from others, when needed [13].
Factors three and four corresponded to the social cohesion domain. Factor three, labelled “social
attachment” included five items that tap to concepts related to place identity, community acceptance
and attachment, and collective agency. Factor four, labelled “common vision” was comprised of six
items that reflect shared norms (perceptions of normative expectations regarding contributions to
community development) and culture (common values, hopes for the future, ideas about how the
community should be managed), social equity (equal distribution of goods in times of crisis), and
perceptions regarding community-level agency.
Factors five, six, and seven pertained to the structural social capital domain. Factor five, labelled
“community leadership” reflected four items tapping to various aspects of social trust, support, and
strength of leadership of formal administrative leaders and both formal and informal community
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leaders. Factor six, labelled “associational participation” corresponded to the respondent’s personal
involvement in established community structures – both exogenously and endogenously organised.
The three constituent items reflect both membership (as indicated by meeting attendance) and
participation in associational activities. Factor seven, labelled “community organisation”
corresponded to various aspects of community organisation, including the activity level of
endogenously organised community associations and leaders thereof, community-selected
representation, prioritisation of community development, and social justice and equity.
During CFA, we moved forward with post hoc model refinements to eliminate non-salient and
non-significant factor loadings as well as any factors with insufficient component saturation. Prior to
CFA, we eliminated one item (ADVICE) due to less than minimal variance. Subsequent post hoc model
refinements resulted in the elimination of five additional items. Two items were eliminated for nonsignificant and non-salient factor loadings (SHOULDEV=0.075, p=0.513; COLLEFF=0.071, p=0.350),
and three items were eliminated for non-salient factor loadings (OWNWELF=0.155, RESTRSER=0.260, and DIFPROBS=-0.278). The standardised estimates of factor loadings from this model were
acceptable (Table 3).
Additional details regarding the women’s EFA and CFA results
During the EFA analyses, we eliminated one item (HAPPYNEI) due to less than minimal
variance. We eliminated twelve additional items in a step-wise manner: six items were eliminated
because they had no salient loadings on any factor (RESTRSER, BRIBELDR, COPARTCG, EXOASSIS,
COMMGDEC, SHOULDEV); four items were complex variables that cross-loaded on more than one
factor without sufficient substantive justification (SAFEATHO, SUPMOURN, SHAREKNO,
TRUSTLDR); one item (PAREXOGP) was eliminated due to evidence of extreme multicollinearity
with another item that loaded to the factor; and one item (ONWELF) was eliminated because
although its pattern coefficient was salient, its structure coefficient was not salient on the factor of
interest. This item reduction process resulted in a 37-item women’s CE measurement model that
tapped to seven factors of CE: social networks & reciprocity, social disorder, social attachment &
personal agency, social response, associational participation, common vision, and community
organisation & leadership.
Factor one, labelled “social networks & reciprocity” corresponded to the cognitive social capital
domain, though it also tapped to certain aspects of structural social capital, as it reflected perceptions
related to collections of individuals that promote and protect mutual or personal interests. The factor
contained eight items that indicate various aspects of reciprocity demonstrated through social
networks, the strength of personal relationships, and the community’s propensity to contribute to
community development.
Factors two and four corresponded to the informal social control domain, though factor four
also tapped to certain aspects of cognitive social capital. Factor two, labelled “social disorder”
contained three items that reflect the level of disorder in the community, including conflicts such as
stealing, fighting, cheating, and problems caused by intolerance of differences amongst people.
Factor four, labelled “social response” contained eight items that tap to various facets of perceptions
regarding the community’s propensity to address internal issues, including willingness to intervene
when crime-like activities are observed, conflict-resolution, common moral principles and codes of
behaviour, support in times of crisis, community trust, and strength of relationships.
Factors three and six corresponded to the social cohesion domain. Factor three, labelled “social
attachment & personal agency” included six items that tap to concepts related to place identity,
community acceptance and attachment, and personal agency. This suggests that, for women, one’s
sense of self-agency is linked to one’s sense of belonging or social attachment. Factor six, labelled
“common vision” is comprised of five items that reflect shared culture (common values, hopes for
the future, ideas about how the community should be managed), social equity (equal distribution of
goods in times of crisis), and perceptions regarding community-level agency.
Factors five and seven corresponded to the structural social capital domain. Factor five, labelled
as “associational participation” related to the respondent’s personal involvement in established
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community structures – both exogenously and endogenously organised. The three constituent items
reflect both membership (as indicated by meeting attendance) and participation in associational
activities. Factor seven, labelled “community organisation & leadership” corresponded to various
aspects of organisation within the community, including the activity level of endogenously organised
community associations and leaders thereof, and community-selected representation.
We conducted CFA on the 37 items tapping to seven factors, as indicated by the EFA-derived
women’s CE factor solution. We moved forward with post hoc model refinements to eliminate nonsalient and non-significant factor loadings as well as any factors with insufficient component
saturation. This resulted in the elimination of five items and one factor. One item was eliminated for
a non-significant and non-salient factor loading (CLOSE=0.167, p=0.075), and two items were
eliminated for non-salient factor loadings (CHEATS=0.213, and SIMBLIEF=0.309). With the
elimination of one non-saliently loading item to the social order factor, the factor itself failed to
demonstrate sufficient component saturation, so the factor and its remaining two items
(DIFPROBS=0.900, p=0.001 and CRIMECON=0.366, p=0.001) were eliminated from the women’s
measurement model. The standardised estimates of factor loadings for the resulting six-factor model
were acceptable (Table 4). Modification Indices above 3.84 on the women’s model were all relatively
low, meaning localised strain was relatively low in all areas identified. No further modifications were
made.
Additional details regarding comparison of men’s and women’s CE measurement models
The men’s CE measurement model included one more factor (community leadership) than was
indicated by the women’s CE measurement model. Two of the three items that comprised the
leadership factor in the men’s model are included in the community organisation factor in the
women’s measurement model, as there was sufficient substantive justification for those items tapping
to that factor.
Comparison of CFA results of our hypothesised CE framework vs. EFA-derived factor solutions
Fit statistics from the preliminary CFA of our hypothesised CE framework and the CFA of the
EFA-derived factor solution suggest that slight revisions that were substantively justified resulted in
valid CE measurement models for both men and women in the Ethiopian context (Appendix D).
Comparison of fit statistics for CFA of refined, single-group and parsimonious models
Given it is encouraged to consider numerous alternatives before settling on final measurement
models [6], we performed a CFA on both men’s and women’s models that reflected the more
parsimonious set of CE indicators (i.e., only those that were completely overlapping between refined
and validated CFA models). We present model fit statistics for those models, and compare them to
the refined, validated CFA models in Appendix E. These results indicate that both the more saturated
and parsimonious models are valid CE measurement metrics. The gender-specific saturated models
represent slightly better fitting models.
We present model fit statistics, unstandardised Β, standard errors, and standardised β for
competing MIMIC models in Appendix F.
ADDITIONAL DISCUSSION
Establishing this CE measurement scale in the early phases of the Andilaye trial allowed us to
measure and assess collective efficacy at baseline, prior to the implementation of a community-level
demand-side sanitation and hygiene intervention. We plan to employ this validated scale again at
endline, and compare changes in CE measures between intervention and counterfactual communities
over time (pre-, post-intervention). This will allow us to test our hypothesis that there is a bidirectional, causal association between CE and intervention effectiveness.
Further discussion of gender-specific CE measurement models
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There were slight differences between gender-specific CE measurement models (31-item, sevenfactor solution vs. 33-item, six factor solution for men and women). Major differences between men’s
and women’s CE measurement models involved: 1) the number of factors included in the
measurement model, and 2) the manner in which individual-level behavioural control items
(SELFEFF, SEDEV) correlated with factors related to social networks versus social attachment for
men and women, respectively. The ordering of the CE scale factors also differed between men’s and
women’s measurement models, and social networks & reciprocity emerging as the first factor in the
women’s model while social response emerging as the first factor in the men’s model. These types of
differences were expected, and are supported by empirical evidence that suggests women have a
higher dependence on social networks and “the commons” than men [14].
The women’s CE measurement model included several additional items that tapped to its social
network factor that were not included in the men’s measurement model. These items reflected
additional concepts that reflected facets of reciprocity, communal contribution and collaboration, and
solidarity. The women’s measurement model also indicated that willingness to intervene in situations
of delinquent behaviour was an important item related to social response, and perceptions regarding
a sense of pride in being part of one’s community was an important item related to social attachment.
These items were not indicated in the men’s measurement model, though at least in the case of the
item that corresponded to pride, the exclusion of that indicator may have to do with less than minimal
variance amongst the item responses, as one response category for each of the split-half samples had
no observations. The men’s measurement model included two items that tapped to its social response
factor that were not included in the women’s measurement model. These items reflected common
understanding regarding right and wrong and information sharing.
The men’s measurement model also indicated that perceptions regarding normative
expectations about members of the community working together to develop the community was an
important item related to the common vision factor. Men’s and women’s measurement models
differed in the sense that the men’s CE measurement model indicated that a seventh factor –
community leadership – was important for measuring CE. Two of the items that were included in
this factor – those indicating supportive formal leadership and strong informal leadership – were
included elsewhere in the women’s measurement model (community organisation, as supported by
sufficient substantive justification). A third item related to perceived trust in the community’s leaders
was not included in the women’s measurement model, but was indicated as an important component
for the measurement of community leadership in the men’s model.
While we did reveal the underlying CE factor structure for gender-specific models, we also
determined that there was considerable overlap between men’s and women’s CE measurement
models. We determined that a parsimonious model that reflected all factors and items in common
between the two gender-specific models demonstrated good model fit, and may therefore be used to
measure and compare CE between genders. That said, the use of gender-specific CE scales may allow
interested researchers to assess the mechanisms through which CE operate, and monitor how
measures related to these gender-specific mechanisms change over time, throughout the duration of
a development programme or research study.
Significant differences in associational participation factor scores corroborate existing evidence
that suggests women may participate less in endogenous and exogenous community structures. This
findings indicates that working through formal community structures to enhance women’s
behavioural control perspectives, including self- and collective efficacy, may not be an appropriate
approach. More appropriate approaches may include community-level or household-level
intervention activities.
In terms of selecting a CE measurement metric for administration more broadly, it is necessary
to determine the aim and objectives of the work at hand, and weigh the benefits of being able to
compare CE scores across genders (refined parsimonious CE scale) against being able to assess the
mechanisms through which CE operate (gender-specific, saturated CE scales). Our results indicated
that CE perceptions differ between men and women, even amongst those living in the same
household. Therefore, researchers and programme implementers using an adapted version of our
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parsimonious CE scale should either consider obtaining data from men and women within the same
household or obtaining CE data from a random selection of men and women within a given
community.
Additional discussion regarding factor indeterminacy
While the refined and final validated factor structures championed by this study demonstrate
good model fit, and are substantively justified, they reflect only one possible representation of the
relationship amongst items in the men’s, women’s, and parsimonious CE measurement models. As
with any EFA, our results were influenced by the structure of the data for the particular sample we
ascertained. Other measurement models that fit the data and represent the conceptualisation of CE
as well or better than our refined gender-specific and final parsimonious CE measurement models
may exist [6]. Through the employment of a randomly selected split-half hold-out sample, we sought
to assess the stability of our EFA-derived CE factor structures across an independent sample from
the same population, as suggested by numerous methodologists [4, 7, 15].
Further discussion of analytical limitations
Mathematically-focused factor extraction methods have a tendency to under- or over-estimate
the number of factors in a solution [2, 4, 8]. The results of scree tests are often ambiguous (e.g., no
clear shift in the slope) and subject to interpretation [4]. As a result, we used a combination of
mathematical (i.e., eigenvalue-based Kaiser-Guttman rule), heuristic (i.e., scree plot), statistical (i.e.,
model fit statistics), and substantive justification to guide factor extraction. That said, we were not
able to perform more rigorous procedures (e.g., parallel analysis) to confirm that we extract the
correct number of factors, as these analyses are not available for categorical data in Mplus [16].
Sufficient component saturation is needed (i.e., two or more items with salient factor loadings)
to guarantee appropriate factor interpretation [7]. While some methodologist suggest that as few as
two to three items provide sufficient component saturation [17], other more conservative guidelines
suggest four or more items with factor loadings of 0.5 or higher, and an average factor loading of
0.700 across all items tapping a factor. All six factors in the final parsimonious CE measurement
model had three to five items per factor, all loading ≥ 0.478, indicating sufficient component
saturation. With the except of one factor (i.e., “social networks”, average factor loading = 0.663), all
factors demonstrated average factor loadings of 0.700, signaling that the items were good measures
of the factors to which they tapped. All seven factors of the refined, validated men’s CE measurement
model and all six factors of the refined, validated women’s measurement model included three or
more items, all with factor loadings greater than 0.500. However, one factor on the women’s model,
and four factors on the men’s model included three items only, which just satisfies moderate [17], but
does not more conservative guidelines for component saturation. In addition, two items within the
men’s measurement model, and one item within the women measurement model reflect factor
loadings falling within the salient but only “adequate” range (i.e., 0.400-0.440). More importantly,
perhaps, two factors in the refined, validated men’s measurement model, and one factor in the
refined, validated women’s measurement model demonstrated average factor loadings below the
ideal 0.700 average (average factor loading on refined CFA: 0.668 and 0.634 on the men’s model; 0.656
on the women’s model). Interestingly, the factor on the women’s model and one factor on the men’s
model with average factor loadings less than 0.700 represented the social response factor. This
suggests that perhaps the items we included in our CE survey for this CE sub-construct may not have
included one or more proximal indicators of social response in the Ethiopian context.
Given our EFA results reflect the structure of the sample we ascertained, and the role that
sampling error and other systematic error may play in the estimation of factor analytic results, initial
EFA findings should be interpreted with caution. These findings should be cross-validated through
additional EFA or CFAs using independent datasets [4]. We employed a random split-half hold-out
sample for measurement model validation, and the resulting findings were promising, especially our
refined final parsimonious CE measurement scale. Still, these findings should undergo further
validation with independent datasets, which is planned for another WASH study being evaluated by
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members of our research group. Since our results indicated that only minimal component saturation
was attained for some CE factors, and more proximal indicators may not have been included for
social response and social network factors, additional formative work that further explores these
issues is warranted.
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Table S1. Univariate descriptive statistics: Frequency of responses by split-halves and gender.
EFA sub-sample

CFA sub-sample

N1

N2

N

CE item
HARMONY

CHEATS

CRIMECON

SAFEATHO

Item response

Total sample

Aggregate

Women

Men

Aggregate

Women

Men

N = 1,831

nE1 = 921

nEW1 = 366

nEM1 = 555

nE2 = 910

nEW2 = 360

nEM2 = 550

People in this community live in harmony with each other most of the time.
Completely disagree

147

8.03%

66

7.17%

22

6.01%

44

7.93%

81

8.90%

26

7.22%

55

10.00%

Mildly/partially disagree

76

4.15%

41

4.45%

13

3.55%

28

5.05%

35

3.85%

15

4.17%

20

3.64%

Neither agree nor disagree

20

1.09%

6

0.65%

5

1.37%

1

0.18%

14

1.54%

10

2.78%

4

0.73%

Mildly/partially agree

710

38.78%

379

41.15%

112

30.60%

267

48.11%

331

36.37%

82

22.78%

249

45.27%

Completely agree

878

47.95%

429

46.58%

214

58.47%

215

38.74%

449

49.34%

227

63.06%

222

40.36%

In this community, you have to be careful, otherwise your neighbours may cheat you.
Completely disagree

491

26.82%

245

26.60%

109

29.78%

136

24.50%

246

27.03%

105

29.17%

141

25.64%

Mildly/partially disagree

174

9.50%

80

8.69%

37

10.11%

43

7.75%

94

10.33%

42

11.67%

52

9.45%

Neither agree nor disagree

31

1.69%

15

1.63%

13

3.55%

2

0.36%

16

1.76%

9

2.50%

7

1.27%

Mildly/partially agree

467

25.51%

241

26.17%

87

23.77%

154

27.75%

226

24.84%

95

26.39%

131

23.82%

Completely agree

668

36.48%

340

36.92%

120

32.79%

220

39.64%

328

36.04%

109

30.28%

219

39.82%

In this community, conflicts like stealing and fighting often occur.
Completely disagree

662

36.16%

319

34.64%

165

45.08%

154

27.75%

343

37.69%

179

49.72%

164

29.82%

Mildly/partially disagree

146

7.97%

73

7.93%

44

12.02%

29

5.23%

73

8.02%

41

11.39%

32

5.82%

Neither agree nor disagree

25

1.37%

12

1.30%

11

3.01%

1

0.18%

13

1.43%

6

1.67%

7

1.27%

Mildly/partially agree

599

32.71%

316

34.31%

77

21.04%

239

43.06%

283

31.10%

72

20.00%

211

38.36%

Completely agree

399

21.79%

201

21.82%

69

18.85%

132

23.78%

198

21.76%

62

17.22%

136

24.73%

21.39%

92

25.14%

105

18.92%

178

19.56%

80

22.22%

98

17.82%

When I am at home alone, I feel safe from threats of crime.
Completely disagree

375

20.48%
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SIMBLIEF

INTERCRI

SLVDISPU

HLPCRPDZ
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Mildly/partially disagree

113

6.17%

67

7.27%

38

10.38%

29

5.23%

46

5.05%

28

7.78%

18

3.27%

Neither agree nor disagree

60

3.28%

23

2.50%

17

4.64%

6

1.08%

37

4.07%

30

8.33%

7

1.27%

Mildly/partially agree

379

20.70%

194

21.06%

88

24.04%

106

19.10%

185

20.33%

82

22.78%

103

18.73%

Completely agree

904

49.37%

440

47.77%

131

35.79%

309

55.68%

464

50.99%

140

38.89%

324

58.91%

Most people in this community have similar beliefs about what is right and what is wrong.
Completely disagree

325

17.75%

175

19.00%

57

15.57%

118

21.26%

150

16.48%

47

13.06%

103

18.73%

Mildly/partially disagree

195

10.65%

100

10.86%

28

7.65%

72

12.97%

95

10.44%

26

7.22%

69

12.55%

Neither agree nor disagree

128

6.99%

56

6.08%

43

11.75%

13

2.34%

72

7.91%

56

15.56%

16

2.91%

Mildly/partially agree

651

35.55%

336

36.48%

127

34.70%

209

37.66%

315

34.62%

106

29.44%

209

38.00%

Completely agree

532

29.06%

254

27.58%

111

30.33%

143

25.77%

278

30.55%

125

34.72%

153

27.82%

If the people of this community see crime-like activities, they will do something about it.
Completely disagree

186

10.16%

84

9.12%

31

8.47%

53

9.55%

102

11.21%

35

9.72%

67

12.18%

Mildly/partially disagree

91

4.97%

52

5.65%

21

5.74%

31

5.59%

39

4.29%

19

5.28%

20

3.64%

Neither agree nor disagree

83

4.53%

42

4.56%

32

8.74%

10

1.80%

41

4.51%

30

8.33%

11

2.00%

Mildly/partially agree

563

30.75%

294

31.92%

119

32.51%

175

31.53%

269

29.56%

98

27.22%

171

31.09%

Completely agree

908

49.59%

449

48.75%

163

44.54%

286

51.53%

459

50.44%

178

49.44%

281

51.09%

If there is a big dispute between two persons, other people from the community will help in solving the problem.
Completely disagree

73

3.99%

38

4.13%

18

4.92%

20

3.60%

35

3.85%

17

4.72%

18

3.27%

Mildly/partially disagree

42

2.29%

24

2.61%

11

3.01%

13

2.34%

18

1.98%

9

2.50%

9

1.64%

Neither agree nor disagree

30

1.64%

15

1.63%

14

3.83%

1

0.18%

15

1.65%

12

3.33%

3

0.55%

Mildly/partially agree

451

24.63%

217

23.56%

86

23.50%

131

23.60%

234

25.71%

89

24.72%

145

26.36%

Completely agree

1235

67.45%

627

68.08%

237

64.75%

390

70.27%

608

66.81%

233

64.72%

375

68.18%

If there is a problem that affects the entire community, for instance, crop disease, people in this community will help each other.
Completely disagree

199

10.87%

101

10.97%

53

14.48%

48

8.65%

98

10.77%

47

13.06%

51

9.27%

Mildly/partially disagree

64

3.50%

32

3.47%

13

3.55%

19

3.42%

32

3.52%

16

4.44%

16

2.91%

Neither agree nor disagree

64

3.50%

30

3.26%

22

6.01%

8

1.44%

34

3.74%

24

6.67%

10

1.82%

135
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SUPMOURN*ᶧ

Mildly/partially agree

567

30.97%

290

31.49%

108

29.51%

182

32.79%

277

30.44%

88

24.44%

189

34.36%

Completely agree

937

51.17%

468

50.81%

170

46.45%

298

53.69%

469

51.54%

185

51.39%

284

51.64%

If someone in this community had a death in their family, the community will come together to support them while they mourn.
Completely disagree

6

0.33%

3

0.33%

2

0.55%

1

0.18%

3

0.33%

2

0.56%

1

0.18%

Mildly/partially disagree

8

0.44%

6

0.65%

3

0.82%

3

0.54%

2

0.22%

1

0.28%

1

0.18%

Neither agree nor disagree

12

0.66%

6

0.65%

5

1.37%

1

0.18%

6

0.66%

5

1.39%

1

0.18%

Mildly/partially agree

88

4.81%

55

5.97%

31

8.47%

24

4.32%

33

3.63%

19

5.28%

14

2.55%

1717

93.77%

851

92.40%

325

88.80%

526

94.77%

866

95.16%

333

92.50%

533

96.91%

Completely agree
COMPRSLV

CONTRDEV

DIFPROBS
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When there is a problem in this community, people come together to discuss how it should be solved.
Completely disagree

83

4.53%

43

4.67%

17

4.64%

26

4.68%

40

4.40%

11

3.06%

29

5.27%

Mildly/partially disagree

37

2.02%

18

1.95%

7

1.91%

11

1.98%

19

2.09%

9

2.50%

10

1.82%

Neither agree nor disagree

42

2.29%

16

1.74%

13

3.55%

3

0.54%

26

2.86%

20

5.56%

6

1.09%

Mildly/partially agree

555

30.31%

286

31.05%

99

27.05%

187

33.69%

269

29.56%

93

25.83%

176

32.00%

Completely agree

1114

60.84%

558

60.59%

230

62.84%

328

59.10%

556

61.10%

227

63.06%

329

59.82%

The people of this community will contribute their own money or labour for community development.
Completely disagree

113

6.17%

55

5.97%

21

5.74%

34

6.13%

58

6.37%

16

4.44%

42

7.64%

Mildly/partially disagree

61

3.33%

30

3.26%

19

5.19%

11

1.98%

31

3.41%

12

3.33%

19

3.45%

Neither agree nor disagree

48

2.62%

26

2.82%

19

5.19%

7

1.26%

22

2.42%

20

5.56%

2

0.36%

Mildly/partially agree

654

35.72%

349

37.89%

126

34.43%

223

40.18%

305

33.52%

116

32.22%

189

34.36%

Completely agree

955

52.16%

461

50.05%

181

49.45%

280

50.45%

494

54.29%

196

54.44%

298

54.18%

Differences between people, such as the amount of land they own, often causes problems in this community.
Completely disagree

372

20.32%

195

21.17%

72

19.67%

123

22.16%

177

19.45%

72

20.00%

105

19.09%

Mildly/partially disagree

99

5.41%

50

5.43%

32

8.74%

18

3.24%

49

5.38%

28

7.78%

21

3.82%

Neither agree nor disagree

74

4.04%

41

4.45%

37

10.11%

4

0.72%

33

3.63%

23

6.39%

10

1.82%

Mildly/partially agree

479

26.16%

256

27.80%

89

24.32%

167

30.09%

223

24.51%

78

21.67%

145

26.36%

Completely agree

807

44.07%

379

41.15%

136

37.16%

243

43.78%

428

47.03%

159

44.17%

269

48.91%

136
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HAPPYNEI *ᶧ

I feel happy for my neighbour if they have a good harvest.
Completely disagree

13

0.71%

8

0.87%

8

2.19%

0

0.00%

5

0.55%

4

1.11%

1

0.18%

Mildly/partially disagree

4

0.22%

2

0.22%

1

0.27%

1

0.18%

2

0.22%

0

0.00%

2

0.36%

Neither agree nor disagree

12

0.66%

7

0.76%

5

1.37%

2

0.36%

5

0.55%

5

1.39%

0

0.00%

Mildly/partially agree

78

4.26%

46

4.99%

24

6.56%

22

3.96%

32

3.52%

13

3.61%

19

3.45%

1724

94.16%

858

93.16%

328

89.62%

530

95.50%

866

95.16%

338

93.89%

528

96.00%

Completely agree
COMTRUST

ADVICE

SHAREKNO

CLOSE
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People in this community can be trusted.
Completely disagree

90

4.92%

42

4.56%

18

4.92%

24

4.32%

48

5.27%

23

6.39%

25

4.55%

Mildly/partially disagree

71

3.88%

42

4.56%

19

5.19%

23

4.14%

29

3.19%

14

3.89%

15

2.73%

Neither agree nor disagree

58

3.17%

20

2.17%

12

3.28%

8

1.44%

38

4.18%

30

8.33%

8

1.45%

Mildly/partially agree

772

42.16%

396

43.00%

127

34.70%

269

48.47%

376

41.32%

115

31.94%

261

47.45%

Completely agree

840

45.88%

421

45.71%

190

51.91%

231

41.62%

419

46.04%

178

49.44%

241

43.82%

I typically accept advice from others in this community.
Completely disagree

18

0.98%

10

1.09%

8

2.19%

2

0.36%

8

0.88%

4

1.11%

4

0.73%

Mildly/partially disagree

20

1.09%

7

0.76%

2

0.55%

5

0.90%

13

1.43%

11

3.06%

2

0.36%

Neither agree nor disagree

17

0.93%

7

0.76%

6

1.64%

1

0.18%

10

1.10%

10

2.78%

0

0.00%

Mildly/partially agree

646

35.28%

342

37.13%

149

40.71%

193

34.77%

304

33.41%

120

33.33%

184

33.45%

Completely agree

1130

61.71%

555

60.26%

201

54.92%

354

63.78%

575

63.19%

215

59.72%

360

65.45%

People in the community share new knowledge with their neighbour if they learn something new.
Completely disagree

155

8.47%

65

7.06%

19

5.19%

46

8.29%

90

9.89%

35

9.72%

55

10.00%

Mildly/partially disagree

77

4.21%

32

3.47%

10

2.73%

22

3.96%

45

4.95%

26

7.22%

19

3.45%

Neither agree nor disagree

82

4.48%

37

4.02%

16

4.37%

21

3.78%

45

4.95%

28

7.78%

17

3.09%

Mildly/partially agree

630

34.41%

335

36.37%

135

36.89%

200

36.04%

295

32.42%

103

28.61%

192

34.91%

Completely agree

887

48.44%

452

49.08%

186

50.82%

266

47.93%

435

47.80%

168

46.67%

267

48.55%

29

3.19%

10

2.78%

19

3.45%

This is a close-knit community (i.e., people in this community have close personal relationships with each other).
Completely disagree

61

3.33%

32

3.47%

17

137

4.64%

15

2.70%
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OWNWELF

LOSTCOW *ᶧ

BORMONEY

NEICAREG
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Mildly/partially disagree

60

3.28%

32

3.47%

13

3.55%

19

3.42%

28

3.08%

14

3.89%

14

2.55%

Neither agree nor disagree

36

1.97%

15

1.63%

12

3.28%

3

0.54%

21

2.31%

17

4.72%

4

0.73%

Mildly/partially agree

684

37.36%

352

38.22%

126

34.43%

226

40.72%

332

36.48%

124

34.44%

208

37.82%

Completely agree

990

54.07%

490

53.20%

198

54.10%

292

52.61%

500

54.95%

195

54.17%

305

55.45%

In this community, people prioritise their own family’s welfare over community development.
Completely disagree

119

6.50%

56

6.08%

25

6.83%

31

5.59%

63

6.92%

26

7.22%

37

6.73%

Mildly/partially disagree

60

3.28%

40

4.34%

27

7.38%

13

2.34%

20

2.20%

11

3.06%

9

1.64%

Neither agree nor disagree

54

2.95%

26

2.82%

24

6.56%

2

0.36%

28

3.08%

20

5.56%

8

1.45%

Mildly/partially agree

392

21.41%

207

22.48%

108

29.51%

99

17.84%

185

20.33%

96

26.67%

89

16.18%

Completely agree

1206

65.87%

592

64.28%

182

49.73%

410

73.87%

614

67.47%

207

57.50%

407

74.00%

If someone in this community loses a cow or goat, a neighbour will help look for it.
Completely disagree

10

0.55%

5

0.54%

2

0.55%

3

0.54%

5

0.55%

5

1.39%

0

0.00%

Mildly/partially disagree

6

0.33%

4

0.43%

2

0.55%

2

0.36%

2

0.22%

1

0.28%

1

0.18%

Neither agree nor disagree

10

0.55%

5

0.54%

4

1.09%

1

0.18%

5

0.55%

5

1.39%

0

0.00%

Mildly/partially agree

172

9.39%

80

8.69%

26

7.10%

54

9.73%

92

10.11%

26

7.22%

66

12.00%

Completely agree

1633

89.19%

827

89.79%

332

90.71%

495

89.19%

806

88.57%

323

89.72%

483

87.82%

If you suddenly need some money, you can borrow from a person or group in your community.
Completely disagree

153

8.36%

78

8.47%

36

9.84%

42

7.57%

75

8.24%

33

9.17%

42

7.64%

Mildly/partially disagree

47

2.57%

18

1.95%

9

2.46%

9

1.62%

29

3.19%

16

4.44%

13

2.36%

Neither agree nor disagree

22

1.20%

11

1.19%

5

1.37%

6

1.08%

11

1.21%

8

2.22%

3

0.55%

Mildly/partially agree

481

26.27%

243

26.38%

93

25.41%

150

27.03%

238

26.15%

83

23.06%

155

28.18%

Completely agree

1128

61.61%

571

62.00%

223

60.93%

348

62.70%

557

61.21%

220

61.11%

337

61.27%

If you and your relatives suddenly had to go away for a day or two, you could count on your neighbours to take care of your children.
Completely disagree

109

5.95%

48

5.21%

22

6.01%

26

4.68%

61

6.70%

31

8.61%

30

5.45%

Mildly/partially disagree

42

2.29%

22

2.39%

6

1.64%

16

2.88%

20

2.20%

8

2.22%

12

2.18%

Neither agree nor disagree

26

1.42%

11

1.19%

4

1.09%

7

1.26%

15

1.65%

5

1.39%

10

1.82%

138
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COMACTCG*
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6 of 21

Mildly/partially agree

394

21.52%

198

21.50%

80

21.86%

118

21.26%

196

21.54%

75

20.83%

121

22.00%

Completely agree

1260

68.81%

642

69.71%

254

69.40%

388

69.91%

618

67.91%

241

66.94%

377

68.55%

There are people in this community who show strong leadership.
Completely disagree

64

3.50%

27

2.93%

9

2.46%

18

3.24%

37

4.07%

15

4.17%

22

4.00%

Mildly/partially disagree

50

2.73%

23

2.50%

10

2.73%

13

2.34%

27

2.97%

13

3.61%

14

2.55%

Neither agree nor disagree

112

6.12%

44

4.78%

33

9.02%

11

1.98%

68

7.47%

50

13.89%

18

3.27%

Mildly/partially agree

758

41.40%

407

44.19%

141

38.52%

266

47.93%

351

38.57%

118

32.78%

233

42.36%

Completely agree

847

46.26%

420

45.60%

173

47.27%

247

44.50%

427

46.92%

164

45.56%

263

47.82%

The community-based associations, such as the Edir, in this community is very active.
Completely disagree

26

1.42%

10

1.09%

6

1.64%

4

0.72%

16

1.76%

5

1.39%

11

2.00%

Mildly/partially disagree

19

1.04%

7

0.76%

3

0.82%

4

0.72%

12

1.32%

7

1.94%

5

0.91%

Neither agree nor disagree

39

2.13%

24

2.61%

16

4.37%

8

1.44%

15

1.65%

13

3.61%

2

0.36%

Mildly/partially agree

293

16.00%

145

15.74%

76

20.77%

69

12.43%

148

16.26%

88

24.44%

60

10.91%

Completely agree

1454

79.41%

735

79.80%

265

72.40%

470

84.68%

719

79.01%

247

68.61%

472

85.82%

The leaders of community-based associations, like Edir leaders, respond to this community’s concerns.
Completely disagree

38

2.08%

15

1.63%

5

1.37%

10

1.80%

23

2.53%

8

2.22%

15

2.73%

Mildly/partially disagree

20

1.09%

10

1.09%

7

1.91%

3

0.54%

10

1.10%

5

1.39%

5

0.91%

Neither agree nor disagree

76

4.15%

42

4.56%

28

7.65%

14

2.52%

34

3.74%

27

7.50%

7

1.27%

Mildly/partially agree

408

22.28%

215

23.34%

98

26.78%

117

21.08%

193

21.21%

97

26.94%

96

17.45%

Completely agree

1289

70.40%

639

69.38%

228

62.30%

411

74.05%

650

71.43%

223

61.94%

427

77.64%

Formal administrative leaders, like the kebele manager, provide support to this community.
Completely disagree

125

6.83%

59

6.41%

19

5.19%

40

7.21%

66

7.25%

25

6.94%

41

7.45%

Mildly/partially disagree

71

3.88%

33

3.58%

14

3.83%

19

3.42%

38

4.18%

15

4.17%

23

4.18%

Neither agree nor disagree

139

7.59%

64

6.95%

50

13.66%

14

2.52%

75

8.24%

57

15.83%

18

3.27%

Mildly/partially agree

644

35.17%

332

36.05%

123

33.61%

209

37.66%

312

34.29%

108

30.00%

204

37.09%

Completely agree

852

46.53%

433

47.01%

160

43.72%

273

49.19%

419

46.04%

155

43.06%

264

48.00%

139
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This community’s leaders can be trusted.
Completely disagree

97

5.30%

45

4.89%

17

4.64%

28

5.05%

52

5.71%

15

4.17%

37

6.73%

Mildly/partially disagree

73

3.99%

36

3.91%

16

4.37%

20

3.60%

37

4.07%

19

5.28%

18

3.27%

Neither agree nor disagree

101

5.52%

40

4.34%

27

7.38%

13

2.34%

61

6.70%

48

13.33%

13

2.36%

Mildly/partially agree

722

39.43%

377

40.93%

137

37.43%

240

43.24%

345

37.91%

110

30.56%

235

42.73%

Completely agree

838

45.77%

423

45.93%

169

46.17%

254

45.77%

415

45.60%

168

46.67%

247

44.91%

People in this community get to choose the leaders of their own community-based associations, such as the Edir leaders.
Completely disagree

32

1.75%

12

1.30%

6

1.64%

6

1.08%

20

2.20%

6

1.67%

14

2.55%

Mildly/partially disagree

12

0.66%

7

0.76%

6

1.64%

1

0.18%

5

0.55%

3

0.83%

2

0.36%

Neither agree nor disagree

49

2.68%

22

2.39%

13

3.55%

9

1.62%

27

2.97%

20

5.56%

7

1.27%

Mildly/partially agree

254

13.87%

137

14.88%

76

20.77%

61

10.99%

117

12.86%

66

18.33%

51

9.27%

Completely agree

1484

81.05%

743

80.67%

265

72.40%

478

86.13%

741

81.43%

265

73.61%

476

86.55%

In this community, I have friends with whom I can share my problems.
Completely disagree

90

4.92%

41

4.45%

25

6.83%

16

2.88%

49

5.38%

29

8.06%

20

3.64%

Mildly/partially disagree

22

1.20%

12

1.30%

8

2.19%

4

0.72%

10

1.10%

6

1.67%

4

0.73%

Neither agree nor disagree

14

0.76%

8

0.87%

8

2.19%

0

0.00%

6

0.66%

6

1.67%

0

0.00%

Mildly/partially agree

464

25.34%

239

25.95%

95

25.96%

144

25.95%

225

24.73%

87

24.17%

138

25.09%

Completely agree

1241

67.78%

621

67.43%

230

62.84%

391

70.45%

620

68.13%

232

64.44%

388

70.55%

My neighbours sometimes come to me to share their problems and get help.
Completely disagree

88

4.81%

42

4.56%

23

6.28%

19

3.42%

46

5.05%

26

7.22%

20

3.64%

Mildly/partially disagree

32

1.75%

15

1.63%

9

2.46%

6

1.08%

17

1.87%

11

3.06%

6

1.09%

Neither agree nor disagree

15

0.82%

6

0.65%

5

1.37%

1

0.18%

9

0.99%

8

2.22%

1

0.18%

Mildly/partially agree

575

31.40%

284

30.84%

125

34.15%

159

28.65%

291

31.98%

118

32.78%

173

31.45%

Completely agree

1121

61.22%

574

62.32%

204

55.74%

370

66.67%

547

60.11%

197

54.72%

350

63.64%

21

5.74%

14

2.52%

27

2.97%

16

4.44%

11

2.00%

Most people in this community participate in community associations.
Completely disagree

62

3.39%

35

3.80%
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PARTCBGP

ACTEXOGP

PAREXOGP
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Mildly/partially disagree

35

1.91%

17

1.85%

10

2.73%

7

1.26%

18

1.98%

10

2.78%

8

1.45%

Neither agree nor disagree

66

3.60%

26

2.82%

20

5.46%

6

1.08%

40

4.40%

29

8.06%

11

2.00%

Mildly/partially agree

575

31.40%

297

32.25%

121

33.06%

176

31.71%

278

30.55%

104

28.89%

174

31.64%

Completely agree

1093

59.69%

546

59.28%

194

53.01%

352

63.42%

547

60.11%

201

55.83%

346

62.91%

I attend meetings of a community-based association, such as the Edir.
Completely disagree

263

14.36%

126

13.68%

86

23.50%

40

7.21%

137

15.05%

92

25.56%

45

8.18%

Mildly/partially disagree

44

2.40%

22

2.39%

15

4.10%

7

1.26%

22

2.42%

20

5.56%

2

0.36%

Neither agree nor disagree

33

1.80%

16

1.74%

10

2.73%

6

1.08%

17

1.87%

13

3.61%

4

0.73%

Mildly/partially agree

403

22.01%

205

22.26%

111

30.33%

94

16.94%

198

21.76%

101

28.06%

97

17.64%

Completely agree

1088

59.42%

552

59.93%

144

39.34%

408

73.51%

536

58.90%

134

37.22%

402

73.09%

I participate in activities held by any community-based associations, such as the Edir.
Completely disagree

204

11.14%

92

9.99%

60

16.39%

32

5.77%

112

12.31%

66

18.33%

46

8.36%

Mildly/partially disagree

49

2.68%

24

2.61%

14

3.83%

10

1.80%

25

2.75%

19

5.28%

6

1.09%

Neither agree nor disagree

34

1.86%

15

1.63%

9

2.46%

6

1.08%

19

2.09%

17

4.72%

2

0.36%

Mildly/partially agree

390

21.30%

206

22.37%

105

28.69%

101

18.20%

184

20.22%

96

26.67%

88

16.00%

Completely agree

1154

63.03%

584

63.41%

178

48.63%

406

73.15%

570

62.64%

162

45.00%

408

74.18%

I attend the meetings of any government or NGO-initiated community development group, such as the Development Army.
Completely disagree

315

17.20%

156

16.94%

104

28.42%

52

9.37%

159

17.47%

98

27.22%

61

11.09%

Mildly/partially disagree

99

5.41%

46

4.99%

28

7.65%

18

3.24%

53

5.82%

32

8.89%

21

3.82%

Neither agree nor disagree

53

2.89%

24

2.61%

16

4.37%

8

1.44%

29

3.19%

26

7.22%

3

0.55%

Mildly/partially agree

437

23.87%

235

25.52%

104

28.42%

131

23.60%

202

22.20%

93

25.83%

109

19.82%

Completely agree

927

50.63%

460

49.95%

114

31.15%

346

62.34%

467

51.32%

111

30.83%

356

64.73%

I participate in activities held by any government or NGO-initiated community development group, such as the Development Army.
Completely disagree

342

18.68%

169

18.35%

104

28.42%

65

11.71%

173

19.01%

108

30.00%

65

11.82%

Mildly/partially disagree

106

5.79%

50

5.43%

30

8.20%

20

3.60%

56

6.15%

33

9.17%

23

4.18%

Neither agree nor disagree

55

3.00%

25

2.71%

17

4.64%

8

1.44%

30

3.30%

27

7.50%

3

0.55%
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COMMGDEC

BRIBELDR

DISTCRIS

RESTRSER
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Mildly/partially agree

461

25.18%

240

26.06%

100

27.32%

140

25.23%

221

24.29%

96

26.67%

125

22.73%

Completely agree

867

47.35%

437

47.45%

115

31.42%

322

58.02%

430

47.25%

96

26.67%

334

60.73%

When community groups make decisions, they are pleasing and good for most of the households in this community.
Completely disagree

87

4.75%

42

4.56%

24

6.56%

18

3.24%

45

4.95%

22

6.11%

23

4.18%

Mildly/partially disagree

62

3.39%

31

3.37%

17

4.64%

14

2.52%

31

3.41%

19

5.28%

12

2.18%

Neither agree nor disagree

131

7.15%

64

6.95%

42

11.48%

22

3.96%

67

7.36%

47

13.06%

20

3.64%

Mildly/partially agree

707

38.61%

363

39.41%

145

39.62%

218

39.28%

344

37.80%

127

35.28%

217

39.45%

Completely agree

844

46.10%

421

45.71%

138

37.70%

283

50.99%

423

46.48%

145

40.28%

278

50.55%

Sometimes people need to bribe community leaders in order to get things done.
Completely disagree

1163

63.52%

584

63.41%

187

51.09%

397

71.53%

579

63.63%

193

53.61%

386

70.18%

Mildly/partially disagree

104

5.68%

61

6.62%

31

8.47%

30

5.41%

43

4.73%

21

5.83%

22

4.00%

Neither agree nor disagree

207

11.31%

93

10.10%

65

17.76%

28

5.05%

114

12.53%

72

20.00%

42

7.64%

Mildly/partially agree

185

10.10%

97

10.53%

37

10.11%

60

10.81%

88

9.67%

33

9.17%

55

10.00%

Completely agree

172

9.39%

86

9.34%

46

12.57%

40

7.21%

86

9.45%

41

11.39%

45

8.18%

During a crisis situation, such as a drought, government services are distributed equally by the community to all households in need.
Completely disagree

185

10.10%

92

9.99%

29

7.92%

63

11.35%

93

10.22%

39

10.83%

54

9.82%

Mildly/partially disagree

108

5.90%

57

6.19%

23

6.28%

34

6.13%

51

5.60%

17

4.72%

34

6.18%

Neither agree nor disagree

292

15.95%

147

15.96%

74

20.22%

73

13.15%

145

15.93%

79

21.94%

66

12.00%

Mildly/partially agree

553

30.20%

273

29.64%

104

28.42%

169

30.45%

280

30.77%

98

27.22%

182

33.09%

Completely agree

693

37.85%

352

38.22%

136

37.16%

216

38.92%

341

37.47%

127

35.28%

214

38.91%

Some households in this community are restricted from community services, such as bed net distribution.
Completely disagree

993

54.23%

496

53.85%

162

44.26%

334

60.18%

497

54.62%

173

48.06%

324

58.91%

Mildly/partially disagree

192

10.49%

92

9.99%

42

11.48%

50

9.01%

100

10.99%

44

12.22%

56

10.18%

Neither agree nor disagree

135

7.37%

64

6.95%

37

10.11%

27

4.86%

71

7.80%

48

13.33%

23

4.18%

Mildly/partially agree

256

13.98%

133

14.44%

59

16.12%

74

13.33%

123

13.52%

53

14.72%

70

12.73%

Completely agree

255

13.93%

136

14.77%

66

18.03%

70

12.61%

119

13.08%

42

11.67%

77

14.00%
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COMMVALU

SIMHOPES

COMMGMT

ACCEPT*

ATTACH*
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Most people in this community have common values, for example, they value hard work.
Completely disagree

36

1.97%

15

1.63%

6

1.64%

9

1.62%

21

2.31%

9

2.50%

12

2.18%

Mildly/partially disagree

33

1.80%

15

1.63%

7

1.91%

8

1.44%

18

1.98%

11

3.06%

7

1.27%

Neither agree nor disagree

75

4.10%

43

4.67%

33

9.02%

10

1.80%

32

3.52%

29

8.06%

3

0.55%

Mildly/partially agree

573

31.29%

287

31.16%

126

34.43%

161

29.01%

286

31.43%

111

30.83%

175

31.82%

Completely agree

1114

60.84%

561

60.91%

194

53.01%

367

66.13%

553

60.77%

200

55.56%

353

64.18%

Most people in this community have similar hopes about the future development of the community.
Completely disagree

56

3.06%

27

2.93%

12

3.28%

15

2.70%

29

3.19%

10

2.78%

19

3.45%

Mildly/partially disagree

46

2.51%

27

2.93%

13

3.55%

14

2.52%

19

2.09%

13

3.61%

6

1.09%

Neither agree nor disagree

132

7.21%

67

7.27%

48

13.11%

19

3.42%

65

7.14%

48

13.33%

17

3.09%

Mildly/partially agree

637

34.79%

328

35.61%

133

36.34%

195

35.14%

309

33.96%

127

35.28%

182

33.09%

Completely agree

960

52.43%

472

51.25%

160

43.72%

312

56.22%

488

53.63%

162

45.00%

326

59.27%

People in this community share the same ideas on how village matters should be managed.
Completely disagree

63

3.44%

27

2.93%

13

3.55%

14

2.52%

36

3.96%

18

5.00%

18

3.27%

Mildly/partially disagree

54

2.95%

25

2.71%

11

3.01%

14

2.52%

29

3.19%

16

4.44%

13

2.36%

Neither agree nor disagree

117

6.39%

62

6.73%

45

12.30%

17

3.06%

55

6.04%

39

10.83%

16

2.91%

Mildly/partially agree

635

34.68%

314

34.09%

126

34.43%

188

33.87%

321

35.27%

126

35.00%

195

35.45%

Completely agree

962

52.54%

493

53.53%

171

46.72%

322

58.02%

469

51.54%

161

44.72%

308

56.00%

People in this community accept me as a member of the community.
Completely disagree

39

2.13%

17

1.85%

15

4.10%

2

0.36%

22

2.42%

16

4.44%

6

1.09%

Mildly/partially disagree

27

1.47%

13

1.41%

6

1.64%

7

1.26%

14

1.54%

8

2.22%

6

1.09%

Neither agree nor disagree

39

2.13%

20

2.17%

16

4.37%

4

0.72%

19

2.09%

17

4.72%

2

0.36%

Mildly/partially agree

314

17.15%

164

17.81%

97

26.50%

67

12.07%

150

16.48%

85

23.61%

65

11.82%

Completely agree

1412

77.12%

707

76.76%

232

63.39%

475

85.59%

705

77.47%

234

65.00%

471

85.64%

16

1.74%

10

2.73%

6

1.08%

15

1.65%

11

3.06%

4

0.73%

I feel attached to this community and its people.
Completely disagree

31

1.69%
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IDENTITY*

SELFEFF*

SEDEV
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Mildly/partially disagree

25

1.37%

7

0.76%

4

1.09%

3

0.54%

18

1.98%

9

2.50%

9

1.64%

Neither agree nor disagree

25

1.37%

11

1.19%

9

2.46%

2

0.36%

14

1.54%

12

3.33%

2

0.36%

Mildly/partially agree

327

17.86%

166

18.02%

100

27.32%

66

11.89%

161

17.69%

91

25.28%

70

12.73%

Completely agree

1423

77.72%

721

78.28%

243

66.39%

478

86.13%

702

77.14%

237

65.83%

465

84.55%

I feel proud to be part of this community.
Completely disagree

40

2.18%

16

1.74%

12

3.28%

4

0.72%

24

2.64%

18

5.00%

6

1.09%

Mildly/partially disagree

25

1.37%

8

0.87%

8

2.19%

0

0.00%

17

1.87%

10

2.78%

7

1.27%

Neither agree nor disagree

18

0.98%

8

0.87%

5

1.37%

3

0.54%

10

1.10%

10

2.78%

0

0.00%

Mildly/partially agree

219

11.96%

112

12.16%

70

19.13%

42

7.57%

107

11.76%

67

18.61%

40

7.27%

Completely agree

1529

83.51%

777

84.36%

271

74.04%

506

91.17%

752

82.64%

255

70.83%

497

90.36%

Being a member of this community is part of who I am.
Completely disagree

27

1.47%

13

1.41%

9

2.46%

4

0.72%

14

1.54%

12

3.33%

2

0.36%

Mildly/partially disagree

25

1.37%

9

0.98%

6

1.64%

3

0.54%

16

1.76%

10

2.78%

6

1.09%

Neither agree nor disagree

35

1.91%

19

2.06%

15

4.10%

4

0.72%

16

1.76%

14

3.89%

2

0.36%

Mildly/partially agree

211

11.52%

107

11.62%

67

18.31%

40

7.21%

104

11.43%

68

18.89%

36

6.55%

Completely agree

1533

83.72%

773

83.93%

269

73.50%

504

90.81%

760

83.52%

256

71.11%

504

91.64%

I have the capacity to achieve my future aims.
Completely disagree

36

1.97%

19

2.06%

7

1.91%

12

2.16%

17

1.87%

9

2.50%

8

1.45%

Mildly/partially disagree

13

0.71%

5

0.54%

4

1.09%

1

0.18%

8

0.88%

3

0.83%

5

0.91%

Neither agree nor disagree

38

2.08%

20

2.17%

14

3.83%

6

1.08%

18

1.98%

11

3.06%

7

1.27%

Mildly/partially agree

375

20.48%

187

20.30%

96

26.23%

91

16.40%

188

20.66%

86

23.89%

102

18.55%

Completely agree

1369

74.77%

690

74.92%

245

66.94%

445

80.18%

679

74.62%

251

69.72%

428

77.82%

I have the ability to contribute to this community’s development.
Completely disagree

66

3.60%

38

4.13%

22

6.01%

16

2.88%

28

3.08%

15

4.17%

13

2.36%

Mildly/partially disagree

66

3.60%

25

2.71%

17

4.64%

8

1.44%

41

4.51%

30

8.33%

11

2.00%

Neither agree nor disagree

92

5.02%

44

4.78%

35

9.56%

9

1.62%

48

5.27%

30

8.33%

18

3.27%
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Mildly/partially agree

544

29.71%

273

29.64%

111

30.33%

162

29.19%

271

29.78%

102

28.33%

169

30.73%

Completely agree

1063

58.06%

541

58.74%

181

49.45%

360

64.86%

522

57.36%

183

50.83%

339

61.64%

People in this community have the capacity to make positive changes by coming together.
Completely disagree

51

2.79%

21

2.28%

10

2.73%

11

1.98%

30

3.30%

11

3.06%

19

3.45%

Mildly/partially disagree

34

1.86%

13

1.41%

5

1.37%

8

1.44%

21

2.31%

9

2.50%

12

2.18%

Neither agree nor disagree

119

6.50%

63

6.84%

50

13.66%

13

2.34%

56

6.15%

44

12.22%

12

2.18%

Mildly/partially agree

545

29.77%

276

29.97%

108

29.51%

168

30.27%

269

29.56%

114

31.67%

155

28.18%

Completely agree

1082

59.09%

548

59.50%

193

52.73%

355

63.96%

534

58.68%

182

50.56%

352

64.00%

This community needs assistance from others outside the community in order to make positive changes.
Completely disagree

296

16.17%

144

15.64%

31

8.47%

113

20.36%

152

16.70%

45

12.50%

107

19.45%

Mildly/partially disagree

84

4.59%

48

5.21%

27

7.38%

21

3.78%

36

3.96%

17

4.72%

19

3.45%

Neither agree nor disagree

105

5.73%

57

6.19%

41

11.20%

16

2.88%

48

5.27%

38

10.56%

10

1.82%

Mildly/partially agree

507

27.69%

251

27.25%

98

26.78%

153

27.57%

256

28.13%

108

30.00%

148

26.91%

Completely agree

839

45.82%

421

45.71%

169

46.17%

252

45.41%

418

45.93%

152

42.22%

266

48.36%

People in this community should work together to develop the community.
Completely disagree

36

1.97%

16

1.74%

6

1.64%

10

1.80%

20

2.20%

9

2.50%

11

2.00%

Mildly/partially disagree

23

1.26%

9

0.98%

4

1.09%

5

0.90%

14

1.54%

7

1.94%

7

1.27%

Neither agree nor disagree

44

2.40%

23

2.50%

19

5.19%

4

0.72%

21

2.31%

17

4.72%

4

0.73%

Mildly/partially agree

319

17.42%

161

17.48%

67

18.31%

94

16.94%

158

17.36%

71

19.72%

87

15.82%

Completely agree

1409

76.95%

712

77.31%

270

73.77%

442

79.64%

697

76.59%

256

71.11%

441

80.18%

Notes. * Items with skewness outside the suggested range (i.e., > 3.0), distributions of aggregate men’s CE item responses
ᶧ Items with skewness outside the suggested range (i.e., > 3.0), distributions of aggregate women’s CE items responses
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Table 4.1. Collective efficacy factor scores, by gender and household leadership status, and comparison of household-level male-female dyads
Characteristic

Factor 1: Social
response

Weighted average CE factor scores

Aggregate (N=1,831)
3.0 (0.50)
Sex
Men (n=1,105)
3.1 (0.47)*
Women (n=726)
3.0 (0.53)*
Household leadership status
Any leader (n=313)
3.1 (0.52)
No leader (n=1,510)
3.0 (0.50)
Household-level male-female dyads (n=520)
Men
3.1 (0.45)
Women
3.0 (0.50)

Average CE factor scores

Factor 2: Social
networks & agency

Factor 6: Social
organisation & ldrship

Factor 5: Associational
participation

Factor 3: Social
attachment

Factor 4: Common
vision

2.9 (0.43)

3.4 (0.46)

3.6 (1.04)

4.2 (0.55)

3.2 (0.51)

3.0 (0.40)***
2.9 (0.47)***

3.5 (0.41)***
3.4 (0.51)***

3.9 (0.87)***
3.1 (1.21)***

4.3 (0.39)***
4.0 (0.70)***

3.2 (0.48)***
3.1 (0.55)***

3.0 (0.40)*
2.9 (0.44)*

3.4 (0.47)
3.4 (0.46)

3.7 (1.04)*
3.5 (1.04)*

4.2 (0.52)
4.1 (0.56)

3.2 (0.51)
3.2 (0.51)

3.0 (0.41)***
2.9 (0.47)***

3.5 (0.42)*
3.4 (0.49)*

3.9 (0.81)***
3.1 (1.13)***

4.3 (0.39)***
4.0 (0.66)***

3.3 (0.46)***
3.1 (0.53)***

Aggregate (N=1,831)
4.3 (0.71)
4.4 (0.64)
4.5 (0.60)
4.1 (1.20)
4.7 (0.62)
4.3 (0.70)
Sex
Men (n=1,105)
4.3 (0.67)*
4.5 (0.59)***
4.5 (0.54)***
4.4 (0.99)***
4.8 (0.44)***
4.3 (0.66)***
Women (n=726)
4.3 (0.76)*
4.3 (0.70)***
4.4 (0.67)***
3.5 (1.28)***
4.5 (0.79)***
4.1 (0.74)***
Household leadership status
Any leader (n=313)
4.3 (0.73)
4.5 (0.58)*
4.5 (0.62)
4.0 (1.20)*
4.7 (0.58)
4.2 (1.18)
No leader (n=1,510)
4.3 (0.70)
4.4 (0.65)*
4.5 (0.60)
4.0 (1.20)*
4.7 (0.63)
4.2 (0.70)
Household-level male-female dyads (n=520)
Men
4.4 (0.64)
4.5 (0.61)***
4.5 (0.55)*
4.5 (0.93)***
4.8 (0.44)***
4.4 (0.63)***
Women
4.3 (0.72)
4.4 (0.69)***
4.4 (0.64)*
3.5 (1.29)***
4.5 (0.75)***
4.2 (0.72)***
Notes. Mean factor scores and standard deviations (SD) are presented. Weighted average CE factor scores reflect those for which a weight that was equivalent to the item's factor loading was applied
to each item score prior to the generation of the average (weighted) factor score
*** p ≤ 0.001, * p ≤ 0.05 on non-parametric equality of medians tests
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PART III: COLLECTIVE EFFICACY & THE UPTAKE & INFLUENCE OF A
COMMUNITY-BASED WASH PROGRAMME

Chapter 5: Collective efficacy and the uptake and influence of community-based
interventions predicated on collective action
5.1

Chapter overview

The primary purpose of developing CE scales was to employ them to assess whether and to what
extent CE factors affect the uptake of community-based WASH interventions. The research paper
presented in this chapter highlights work done in India to examine whether and to what extent CErelated factors are independently associated with behavioural and child nutrition outcomes that
fall along the pathway to improved child health and nutrition. Given the limitations of the matched
cohort study design, I was not able to assess causal effects between CE, improved behaviours, and
downstream health outcomes; plans are in place to perform those analyses with Andilaye trial data.
To identify indicators of the MANTRA intervention that fall along the causal pathway, a simplified
logic model was developed. Figure 5.1 depicts the logic model, and indicates how CE may influence
intervention effectiveness via mediating behavioural outcomes and downstream health impacts.
Figure 5.1 Simplified logic model for the Gram Vikas MANTRA programme
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This figure indicates that Gram Vikas leveraged a village water distribution system which piped
water into each household to ensure village-level saturation of high-quality household-level
sanitation and hygiene hardware (i.e., improved, on-site household toilets and enclosed, on-site
bathing rooms).

5.2

Framing of research questions

To date, the WASH community’s examination of the community-level, or interpersonal behavioural
factors that influence uptake of WASH interventions, particularly community-based interventions,
has been limited in scope, as they tend to emphasise individual-level factors [1, 2]. Therefore, my
colleagues and I sought to address this gap by examining CE and its association with the uptake and
influence of the MANTRA intervention. As indicated in Chapter 3, the research highlighted in this
chapter is a sub-study of a larger evaluation of the Gram Vikas MANTRA water supply and sanitation
programme.
5.2.1

Research Paper 3 objectives

Research Paper 3 examines whether and to what extent there is evidence of an independent
association between CE-related factors, improved WASH behaviours (i.e., facilities coverage and
utilisation), and downstream nutritional outcomes amongst children less than five. The objectives
of this work were two-fold, to:
1. Develop and assess a theoretically-grounded, evidence-based CE measurement scale that
ascertained the underlying structure of CE in the rural Odisha context; and
2. Employ the metric to obtain quantitative measures of CE that would allow for diagnostic
evaluation.
5.2.2

Research questions

This CE sub-study was designed to investigate the following research questions:
RQ1. Do the factor solutions generated by our India collective efficacy scale support our theorised
conceptualisation of CE (i.e., do the statistics generated by the factor solutions support our
theorised construct dimensionality)?
RQ2. Does our India CE scale demonstrate construct validity?
RQ3. Are there statistically significant differences in CE factor scores between men and women,
individuals with a leadership role in the village and those without?
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RQ4. Is there evidence of an independent association between CE factor scores and various
indicators along the causal chain?
RQ4a. Is there evidence of an association between CE factor scores and Gram Vikas MANTRA
intervention status?
RQ4b. Is there evidence of an association between CE factor scores and uptake of improved
WASH coverage and utilisation practices?
RQ4c. Is there evidence of an association between CE factor scores and nutritional status of
children aged less than five years?
5.2.3

Related hypotheses

My colleagues and I hypothesise that CE is an important antecedent of the cooperative behaviour
and collective action needed to bring about sustained adoption of improved WASH practices at the
level required to realise health impacts. In the context of the research highlighted in this chapter,
and the specific research questions under examination, the following hypotheses were tested:
Hypothesis 1: The statistics generated by the factor solutions support our theorised construct
dimensionality.
Hypothesis 2: The India CE measurement models produced via factor analytic methods
demonstrate high construct validity.
Hypothesis 3: Given their status, mobilisation, and inclusion within their communities, men have
higher perceptions of behavioural control and related factors than women, leaders
than non-leaders.
Hypothesis 4: Higher CE, as measured via our India scale (i.e., CE-related factor scores), is
associated with: 1. MANTRA intervention exposure (i.e., CE perceptions enhanced
via MANTRA); 2. higher levels of intervention uptake (e.g., higher prevalence of
improved drinking water, piped on-premise; improved, on-site sanitation facilities;
and enclosed bathing rooms); and 3. improved nutritional outcomes (height-forage z-score, weight-for-age z-score, weight-for-height z-score) amongst children
aged less than five years.
Hypothesis 5: Even in control villages, there is a positive association between CE-related factor
scores (i.e., innate CE) and prevalence of improved WASH facilities coverage and
utilisation.
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Research Paper 3, included in this chapter, presents details related to these specific inquiries. Of
note, unlike the analyses presented in Research Paper 2, gender-specific models were not
generated for this inquiry. Instead, one CE measurement model was fitted, and differential item
functioning between men and women, and leaders and non-leaders was assessed. Section 5.3
below provides further detail regarding descriptive analyses that are not included in Research Paper
3, but may provide the reader with additional information regarding the behavioural and nutritional
outcomes presented therein.

5.3

Presentation of descriptive analyses not highlighted in Research Paper 3

The outcomes of interest for Research Paper 3 include five behavioural outcomes that represent
WASH facilities coverage and utilisation, and three nutritional outcomes amongst children aged less
than five:
WASH facilities coverage
1. Access to improved drinking water source, piped on-premise;
2. Access to an improved, on-site sanitation facility;
3. Access to an enclosed, on-site bathing room;
WASH facilities utilisation
4. Household-level utilisation of an improved, on-site sanitation facility;
5. Utilisation of enclosed, on-site bathing room;
Nutritional outcomes amongst children aged less than five years
6. Height-for-age z-score (HAZ);
7. Weight-for-age z-score (WAZ); and
8. Weight-for-height z-score (WHZ).
These coverage and utilisation outcomes serve as indicators of behavioural outcomes linked to the
key components of Gram Vikas’ MANTRA intervention. Details related to measurement methods
for each outcome are presented in Research Paper 3. Information related to each outcome is
presented below.
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A total of 1,734 households provided data from this CE study; 803 from intervention villages, 931
from control villages. Details regarding respondent, household, and village characteristics are
presented in Research Paper 3.
Access to improved drinking water source, piped on-premise
A total of 608 households in this sub-study had access to an improved drinking water source, piped
on-premise. While only 67% (n=535) of the 803 intervention households had access to an improved
drinking water source, piped on-premise, this was significantly higher than control households, only
8% (n=73) of which had access.
Access to an improved, on-site sanitation facility
A total of 865 households had access to an improved, on-site sanitation facility. Access was high in
intervention villages, as 84% (n=674) of households in this study arm had access to an improved
facility. Access in control villages was considerably lower in control villages, as only 21% (n=191) of
the households in the study arm in this sub-study had access to an improved, on-site sanitation
facility.
Access to an enclosed, on-site bathing room
A total of 670 households had access to an enclosed, on-site bathing room. As with improved
sanitation facilities access, access to an enclosed, on-site bathing room was considerably higher in
intervention villages compared to control villages, with 71% (n=568) of intervention households
having access compared to 11% (n=102) of control households.
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Figure 5.2 visualises WASH facilities coverage outcomes, by study arm.
Figure 5.2 WASH facilities coverage outcomes
Access to an improved drinking water
source piped, on-premise

8%

Access to an improved, on-site sanitation
facility

Access to an enclosed, on-site bathing room

67%
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0
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Prevalence of coverage (percent)

Sanitation facilities utilisation and other defecation practices
A total of 848 respondents (49%) 1 reported that household members usually use no sanitation
facility (i.e., openly defecate), 34 of those indicated open defecation within the household
compound. Of those 848 respondents, 86% resided in a control village, 15% resided in an
intervention village. Given only 816 respondents reported not having access to a sanitation facility,
this means that 32 households with access (4%) do not usually use the facility. Household-level
utilisation patterns are described in more detail below.
Household sanitation utilisation profile – usual defecation place
Figure 5.3 depicts respondent-reported usual defecation location for various household user
groups, according to age and gender. A total of 803 households had one or more members who
were aged 60 years or older (i.e., ‘older adult’ household members; n= 388 intervention, n=415
control); the remaining 926 CE study households with user cohort data reported having no
members in this age cohort. Amongst ‘older adult’ members, 390 (49%) usually openly defecate (86
intervention [22%], 304 control [73%]); 315 (39%) usually use the toilet on the household’s own
property for defecation (251 intervention [65%], 64 control [15%]); 69 [9%] usually use some other

1

These respondents included those with access to a sanitation facility.
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sanitation facility (30 intervention [8%], 39 control [9%]; and 29 (4%) usually use a toilet located off
the household’s own property (21 intervention [5%], 8 control [2%]).
Figure 5.3 Usual defecation location, by cohort & study arm
Children aged 5-17 yrs - Control
Children aged 5-17 yrs - Intervention
Adult females aged 18-59 yrs - Control
Adult females aged 18-59 yrs - Intervention
Adult males aged 18-59 yrs - Control
Adult males aged 18-59 yrs - Intervention
Members aged 60+ yrs - Control
Members aged 60+ yrs - Intervention
0%
Facility on own property

20%

Facility off own property

40%

60%

80%

Open defecation spot

100%
Other

A total of 1,645 CE households had one or more adult male aged 18-59 years; the remaining 89 CE
study households had no male household members in this age range. Unfortunately, defecation
practice data were missing for 77 of these members. Of the 1,568 households with a member in
this cohort and for whom defecation practice data were obtained (n=729 intervention, n=839
control), 858 (55%) usually openly defecate (191 intervention [26%], 667 control [80%]); 583 (37%)
usually use the toilet on the household’s own property for defecation (467 [64%] intervention, 116
[14%] control); 69 (4%) usually use some other sanitation facility (24 [3%] intervention, 45 [5%]
control); and 58 (4%) usually use a toilet located off the household’s own property (47 [6%]
intervention, 11 [1%] control).
A total of 1,724 households had one or more adult female aged 18-59 years; the remaining 10 CE
study households reported having no female household members in this age range. Defecation
practice data were missing for eight of these individuals. Of the 1,716 households with a member
in this cohort and for whom defecation practice data were obtained (n=793 intervention, n=923
control); 900 (52%) usually openly defecate (166 [21%] intervention, 734 [80%] control); 712 (42%)
usually use the toilet on the household’s own property for defecation (557 [70%] intervention, 155
[17%] control); 71 (4%) usually use a toilet located off the household’s own property (56 [7%]
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intervention, 15 [2%] control); 33 (2%) usually use some other sanitation facility (14 [2%]
intervention, 19 [2%] control).
A total of 1,037 households had one or more child aged 5-17 years; the remaining 697 CE study
households reported having no members in this age group. No defecation practice data were
obtained for 11 of these individuals. Of the remaining 1,026 individuals, 536 (52%) usually openly
defecate (102 [22%] intervention, 434 [77%] control); 375 (37%) usually use the toilet on the
household’s own property for defecation (295 [64%] intervention, 80 [14%] control); 79 (8%)
usually use some other sanitation facility (34 [7%] intervention, 45 [8%] control); 36 [4%] usually
use a toilet located off the household’s own property (29 [6%] intervention, 7 [1%] control).
After assessing defecation practices on a household-level, across all user groups, a total of 641 CE
study households (37%) were identified as having all household members five years and older
usually defecating in any sanitation facility in any location. When disaggregating by study arm, 81%
(n=519) of these households resided in intervention villages (Figure 5.4).
Figure 5.4. Household sanitation use profile Usual defecation place, all members 5+ yrs
Any sanitation facility, anywhere

19.0%

Any sanitation facility, on premise

19.0%

Improved sanitation facility, any location

19.2%

Improved sanitation facility, on premise

19.0%
0.0

Control households

20.0

81.0%
81.0%
80.8%
81.0%
40.0

60.0

80.0

100.0

Intervention households

Utilisation of enclosed, on-site bathing room facility
Of the 670 households with a bathing room facility, 622 reported that at least one woman in the
household used the facility at least sometimes (530 intervention, 92 control).
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Nutritional outcomes
Kernel density plots for the three
nutritional outcomes of interest, HAZ,
WAZ, and WHZ are presented in Figure
5.5. Mean HAZ amongst intervention
children aged less than five years was
-1.47 (SD 1.18), while mean HAZ
amongst control children in the same
age cohort was -1.74 (SD 1.12). These
results

represent

a

statistically

significant difference between children
from intervention and control villages at
α=0.05 (p=0.015). This suggests that
children from intervention villages were
less stunted, or less prone to chronic
undernutrition due to prolonged illness
and/or food deprivation.
Mean

WAZ

amongst

intervention

children aged less than five years was
-1.35 (SD 1.14), while mean WAZ
amongst control children in the same
age cohort was -1.57 (SD 1.09). These
results

represent

a

statistically

significant difference between children
from intervention and control villages at
α=0.05 (p=0.050). WAZ represents a
composite indicator reflecting both
acute

and

chronic

undernutrition.

Therefore, these findings suggest that
children from intervention villages were

Figure 5.5. Nutritional status of children aged less
than 5 years, by study arm – CE study households

less underweight than children from control villages.
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Mean WHZ amongst intervention children aged less than five years was -0.76 (SD 1.09), while mean
WHZ amongst control children in the same age cohort was -0.82 (SD 1.03). These results do not
indicate a statistically significant difference between children from intervention and control villages
(p=0.473). These findings suggest that similar amounts of acute undernutrition, or wasting, are
observed in intervention and control villages.

5.4
5.4.1

Collective efficacy and the Gram Vikas MANTRA intervention
Preamble to Research Paper 3

Research Paper 3 presents details regarding the modelling of key behavioural and nutritional
outcomes of interest (outlined above) and CE factors. CE-related factor scores were entered into
models along with other covariate and background variables to determine whether there was
evidence of independent associations between CE factors, uptake of improved WASH practices, and
downstream nutritional outcomes. Gender and intervention status-based stratified analyses were
carried out. Assessing results within the intervention arm allowed for an investigation of whether
there was evidence of independent associations between CE factors and indicators of intervention
uptake (e.g., behavioural and nutritional outcomes). Given CE is an innate characteristic operating
amongst any collective or group of people, it was also fruitful to investigate whether there was
evidence of associations between CE factors and uptake of improved WASH behaviours in control
villages. Exploring whether there was evidence of these relationships in control villages provided
counterfactual assessments while also allowing for an examination of innate properties of CE where
no community-based WASH interventions were operating.
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5.5 Research Paper 3: Collective efficacy and the adoption and influence of a communitybased water supply and sanitation programme: a cross-sectional study in Odisha, India
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ABSTRACT
Introduction
Null findings from water, sanitation, and hygiene (WASH) trials highlight the need to elucidate
factors affecting the adoption and impact of WASH interventions. We hypothesise that uptake of
improved WASH behaviours and downstream health gains may be associated with collective
efficacy (CE) — a group’s perceived ability and autonomy to come together and execute actions
related to common goals.
Methods
We carried out this cross-sectional study within a matched cohort study conducted in rural Odisha,
India comparing households from villages that agreed to implementation of a community water
supply and household latrine programme with households from control villages not enrolled in the
programme. We employed mixed-methods to develop and validate a CE scale, and used multilevel
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modelling to examine evidence of associations between CE factors and intervention status and
uptake, and nutritional outcomes amongst children under five.
Results
Compared to controls, intervention households had higher CE factor scores for village leadership
(β=0.16, 95% CI: 0.08, 0.25) and agency (β=0.08, 95% CI: 0.01, 0.15), and lower scores for social
disorder, conditional on education. Prevalence of improved WASH behaviours was associated with
CE factors: improved water piped on-premise was associated with village leadership (aPR=2.25,
95% CI: 1.12, 4.53); improved on-site toilets with social disorder (aPR=0.90, 95% CI: 0.84, 0.97);
enclosed bathing rooms with social response (aPR=1.12, 95% CI: 1.02, 1.23); and utilisation of
improved sanitation facilities by all family members with agency (aPR=1.17, 95% CI: 1.00, 1.37) and
village leadership (aPR=3.86, 95% CI: 1.67, 8.97). Agency, social response, and social disorder
factors were associated with nutritional outcomes.
Conclusion
This study demonstrated the ability of our CE scale to pinpoint specific factors that contribute
toward or prevent the uptake of improved WASH behaviours. Future experimental studies can help
determine whether and to what extent CE is an antecedent of collective action and communitybased intervention effectiveness.
SUMMARY BOX
What is already known?
•

Collective efficacy is an interpersonal behavioural factor that pertains to a group’s ability
and autonomy to catalyse and maintain change.

•

Collective efficacy influences collective goal setting; group performance, including the
amount of effort and resolve the group will expend; and ultimate goal attainment.

•

To date, the WASH community’s examination of social constructs has been limited in scope,
and has not included thorough investigations into relationships between collective efficacy
and WASH behaviours.

What are the new findings?
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•

Collective efficacy-related factors, such as village leadership, social disorder, and agency
were independently associated with village participation in a community-based WASH
programme that focuses on collective action, social inclusion, and social equity.

•

Village leadership, social disorder, social response, and agency factor scores were
associated with prevalence of improved WASH facilities coverage and utilisation.

•

Agency and village leadership factor scores from adult household members were
independently associated with downstream nutritional outcomes amongst children aged
less than five years.

What do the findings imply?
•

Assessing collective efficacy may help address persistent knowledge gaps related to
interpersonal factors contributing to poor uptake of community-based WASH interventions
(e.g., failure to address behavioural control perspectives at individual and collective levels),
and less than expected health gains.

•

Collective efficacy should be incorporated into the targeting, design, implementation, and
evaluation of community-based interventions predicated on collective action.

•

Our findings imply that future experimental studies should investigate whether collective
efficacy is an important interpersonal behavioural antecedent of collective action and
effective community-based interventions.

INTRODUCTION
There is accumulating evidence regarding the roles various psychosocial, contextual, and
technological factors play in the sustained adoption of improved WASH behaviours and practices
[3-6]. Despite existing and emerging literature on the nuances of various behavioural factors and
their interactions with other contextual and technological factors, the WASH community continues
to overlook some key interpersonal psychosocial influencers of behavioural change and
maintenance. The sector also continues to focus largely on examining and addressing individual and
household-level factors while higher-level interpersonal factors may be stronger influencers of
action at collective levels, the level at which WASH programmes are typically delivered and change
may be required to realise health gains [7-9]. Underestimating or overlooking these behavioural
factors promotes a “black box” mentality that supports oversimplified conceptualisations of causal
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chains. Failing to unpack these issues and collect data on critical mechanisms through which
sustained behavioural adoption may occur prevents a more thorough examination of the
behavioural antecedents of cooperative behaviour and collective action. Such investigations may
be needed to help answer why WASH programmes and interventions are not bringing about desired
health impacts.
When examinations into interpersonal factors of WASH uptake have been carried out, they have
largely focused on social capital and social norms. Although efficacy, or beliefs regarding either
one’s own (self-efficacy) or a group’s (collective efficacy) ability and autonomy to set, pursue, and
achieve goals, is dominant in social theory as an important behavioural factor, it remains largely
unstudied within the WASH sector. Failures in the uptake and maintenance of improved WASH
behaviours may, at least partially, be ascribed to poor inclusion of efficacy-related factors in the
targeting, design, and implementation of related interventions.
Collective efficacy (CE) is a latent social construct pertaining to factors that facilitate a group’s
perceived ability and autonomy to come together and execute actions related to a common goal
[10, 11]. Perceptions regarding CE have been shown to not only influence group goal selection and
performance [12-14], but also the amount of effort and resolve a collective will spend working
toward those goals [10]. These basic properties of CE are what make it a more appropriate social
construct to consider when assessing interpersonal behavioural factors of collective action than
social capital or social norms alone.
Gram Vikas MANTRA approach to improving sanitation and hygiene
Gram Vikas is a local non-governmental organisation based in Odisha, India. The organisation’s
Movement for Action Network for Transformation of Rural Areas (MANTRA) programme was being
evaluated during our study of CE. The MANTRA programme approach ensures village-wide
saturation of high-quality, on-site sanitation and bathing facilities by leveraging a common good –
a village-level, piped water distribution system. Gram Vikas provided technical assistance for the
development of the water distribution system that is piped throughout the village, with each
household compound receiving three taps. As a condition to providing the water supply, Gram Vikas
requires that each household install: 1) a high-quality improved toilet, with one household tap
piped into the facility; and 2) an enclosed bathing room, with an additional tap or shower in the
facility. The cost of these facilities is supported by government sanitation subsidies. The presence
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of improved water piped on premise, an improved on-site sanitation facility with water tap, and
bathing room with water tap serves to fully interrupt the traditional setting in which open
defecation typically occurs – off-site water sources that allow for post-defecation ritual cleansing.
Presence of sanitation and bathing facilities with water access ensures that ritual cleansing related
to defecation and menstrual hygiene management can take place privately, and on the household’s
own compound.
Gram Vikas will not initiate village enrollment into MANTRA before a village demonstrates its
unanimous commitment to the programme (see Supplemental Material for further details).
Furthermore, MANTRA programme requirements stipulate that the water distribution system
should not be turned on or turned over to the village until every household has installed its own
improved, on-site sanitation and hygiene block. Consequently, MANTRA’s WASH facilities coverage
and utilisation targets are predicated on the villager’s cooperative behaviour and collective action.
As a result of Gram Vikas’ programme targeting approach, which limits programme enrollment (i.e.,
exposure) to villages demonstrating cooperative behaviour during the pre-implementation phase,
a village’s innate, or underlying CE likely determined its exposure to the MANTRA intervention. In
this sense, CE may influence intervention exposure. At the same time, MANTRA’s programming
approach, intervention components, and activities, may serve to enhance CE-related factors during
the implementation phase. Therefore, CE not only influences exposure to the intervention, but
likely falls along the pathway from intervention exposure to behavioural and nutritional outcomes.
Figure 1 visually depicts how we hypothesise CE may influence intervention uptake and impact
through behavioural and downstream health outcomes.

Innate CE

Gram Vikas
MANTRA
Respondent
gender

Enhanced
CE

WASH facilities
coverage & utilisation

Child nutritional
status

Respondent
leadership
status

Figure 1. Hypothesised pathway from CE to downstream behavioural & nutritional outcomes
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Study objectives and research questions
To date, the WASH community’s examination of the interpersonal behavioural factors that
influence uptake of WASH interventions, particularly community-based interventions, has been
limited in scope. In this study, we sought to address this gap by examining CE, its role in the uptake
of improved WASH behaviours, and its association with downstream nutritional status. More
specifically, we were interested in exploring evidence of independent associations between CE
factor scores and WASH facilities coverage and utilisation, nutritional outcomes amongst children
aged less than five years, and intervention status more generally. We aimed to develop a
theoretically-grounded and evidence-based CE scale for the rural Odisha context, and use it to
examine evidence of independent associations between CE and indicators along the causal chain.
METHODS
Study setting and design
This assessment of CE and its association with behavioural outcomes and nutritional status was a
sub-study nested within a matched cohort study evaluating effect of the Gram Vikas MANTRA on
health. Details related to intervention and the matched cohort study are described elsewhere [15,
16]. The MANTRA programme and its interventions were developed by Gram Vikas [15]. MANTRA’s
interventions seek to improve coverage and utilisation of: 1) a household pour-flush toilet with dual
soak-away pits, 2) an enclosed bathing room, and 3) household piped water connections in the
toilet, bathing room, and elsewhere in the household compound (e.g., kitchen) [15]. For a village to
receive the piped water distribution system, every household has to construct its own toilet and
bathing room, in addition to other programme requirements. Gram Vikas assists with the
development of a piped water system, which becomes operational once every household
completes toilet construction. The village is responsible for on-going operation and maintenance
costs.
This CE study was conducted in 45 intervention and 45 control villages in Ganjam and Gajapati
Districts, eastern Odisha, India. These districts represent the setting in which Gram Vikas developed
and refined its MANTRA intervention. The majority of people who live in these districts reside in
rural areas. Pre-intervention data indicate that open defecation was highly prevalent in these
districts [15]. Intervention villages included in the study were selected from a list of more than 1000
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villages, provided by Gram Vikas, in which the MANTRA programme had been implemented at least
three years previously; intervention villages were matched to control villages on various
demographic and geographic criteria. Gram Vikas reports that a majority of villages that are
approached about the programme do not ultimately agree to participate. While control villages
were matched to intervention villages, the fact that the intervention villages had agreed to
participate in and actually completed the programme may render them different from the controls
on unmeasured factors, such as CE factors.
Given Gram Vikas did not obtain any pre-intervention measures of CE or related factors, we
designed this study as a post-only, cross-sectional assessment of CE and its associations with
behavioural and nutritional outcomes. While this post-only design does not allow us to infer
causality from associations, or to determine the directionality of relationships (i.e., intervention
contributing to CE or CE contributing to intervention), the presence of associations could motivate
future experimental studies to explore causality.
Sampling methodology
The 90 villages enrolled in the matched cohort study comprised the study population for this
research. Villages that Gram Vikas formally engaged for their MANTRA intervention, with
intervention start dates between 2003-2006, were eligible for inclusion in the matched cohort’s
intervention arm. Forty-five villages were randomly selected for study enrollment amongst those
meeting eligibility criteria. A multi-step restriction, matching, and exclusion process was used to
match 45 control villages to the randomly selected intervention villages, as detailed elsewhere [15].
Households with a child under five years of age were eligible for enrollment. All households enrolled
in the matched cohort study were targeted for this CE study. CE data were collected from all
households in which a capable and willing adult (i.e., individual aged 18 years or older) was available
and provided consent to participate in the CE study.
Formative work
We employed a five-step, sequential exploratory and confirmatory approach [17] to develop,
refine, and validate a theoretically-grounded and evidence-based CE measurement scale [18]. Full
details regarding our CE scale development and validation approach are published elsewhere,
though highlight subsequent CE scale development that was carried out in rural Ethiopia [19]. In
summary, for the purposes of CE scale development in India, we established a hypothesised
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framework that we transitioned into a draft CE survey. We performed a series of in-depth cognitive
interviews to gauge participants’ understanding of the meaning of survey prompts (i.e., assessed
face validity) and appropriateness of response selection. Findings from these in-depth cognitive
interviews informed survey refinements, which resulted in a 36-item survey (Table S2).
Data collection
Administration of the CE survey took place during April-September 2016 (summer/rainy seasons in
Odisha, India). One adult (i.e., individual aged 18 years or older) per household was randomly
selected, using a random number generator, to respond to the CE survey. This strategy allowed for
the collection of data on CE perspectives from both men and women. WASH facilities coverage and
utilisation, and nutritional status data captured during the same rounds of data collection were
collected from the respondents of those household surveys. In the event that no relevant data were
collected during the same rounds, data collected from the household during other rounds of data
collection were used.
Measures
Collective efficacy
Our refined, 36-item CE survey was comprised of group-referent statements about interpersonal
and ecological aspects of the respondent’s community that related to CE, and self-referent
statements about the respondent’s own sense of self, agency, autonomy, and level of engagement
within his/her community. Given our intention to develop a CE metric for integrated programmes,
no WASH-specific indicators were included in the survey. These items tapped to our hypothesised
CE framework. We trained fieldworkers to administer the CE survey by reading each survey item,
followed by each of the five response options (i.e., completely disagree, mildly disagree, neither
agree nor disagree, mildly agree, completely agree). Respondents were asked to rate their
agreement with the statement on this five-point Likert-type scale.
WASH facilities coverage and utilisation
Fieldworkers captured data on access to and utilisation of WASH facilities through standardised
survey prompts employed in Demographic and Health Surveys (DHS). These coverage and
utilisation outcomes serve as indicators of behavioural outcomes linked to the key components of
Gram Vikas’ MANTRA intervention. We used WHO/UNICEF Join Monitoring Programme for Water
Supply, Sanitation, and Hygiene (JMP) definitions to classify coverage outcomes. Household-level
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utilisation of an on-site, improved sanitation facility was ascertained by querying respondents on
the usual place of defecation for its household members, by cohort – age for younger and older
members, age and gender for adults aged 18-59 years (i.e., children 5-17 years, adult females aged
18-59 years, adult males aged 18-59 years, adult members aged 60 years and older). We assessed
usual place of defecation across the cohorts to generate a household-level utilisation profile, and
dichotomised the outcome according to use by all user groups. In order for a household to be
categorised as one in which all members usually defecate in an on-site improved sanitation facility,
the usual defecation place for all user groups must have been a facility on the household’s own
property. In addition, that facility must have been classified as an improved sanitation facility, per
JMP definition, located on-site. Utilisation of an on-site, enclosed bathing room was obtained from
the female respondents targeted for the cohort study’s fourth round of data collection. Those who
indicated having access to an on-site, enclosed bathing room were inquired about the frequency of
their use of that facility (i.e., whether it was used for bathing always, sometimes, or never). We
later dichotomised this outcome to determine exclusive use.
Nutritional outcomes amongst children aged less than five years
We collected anthropometric data on children under the age of five years using standardised
methods developed by WHO [20, 21]. Details regarding the materials and procedures used for
obtaining weight and recumbent length (for children aged less than two) or standing height (for
children aged two to five years) are published elsewhere [15]. WHO reference standards were then
used to translate height and weight measurements into: 1) height-for-age z-score (HAZ), an
indicator of chronic undernutrition resulting from prolonged food deprivation and/or illness; 2)
weight-for-height z-score (WHZ), an indicator of acute undernutrition resulting from more recent
food deprivation or illness; and 3) weight-for-age z-score (WAZ), a composite indicator that reflects
both acute and chronic undernutrition [22].
Measures on exclusive breastfeeding and minimum dietary diversity were generated in accordance
with WHO/UNICEF guidelines [23]. Exclusive breastfeeding was ascertained for all infants 0-5
months of age. Minimum dietary diversity was obtained for all children 6-59 months of age.
Analytical methods
Psychometric analyses of CE data
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Initial data cleaning and descriptive analyses were performed in Stata (version 15.0 StataCorp,
College Station, TX, USA). We then employed a factor analytical approach, consisting of exploratory
and confirmatory factor analyses, to examine the underlying structure of factors related to
collective efficacy, and identify a data-derived CE measurement model for rural Odisha [24]. We
subsequently performed Multiple Indicators Multiple Causes (MIMIC) modelling to determine
whether various groups of people with the same underlying sense of CE factors scored items
differently (e.g., men/women, leaders/non-leaders) [25]. These psychometric analyses were
conducted in Mplus software (version 8 Muthén & Muthén, Los Angeles, CA, USA). Given the
psychometric analyses are not the focus of this paper, we present further details related to these
methods and results in the Supplemental Material.
From our final refined CE measurement model, we generated CE factor scores for each respondent
by summing his/her responses across all items in each factor (i.e., 1=completely disagree, 2=mildly
disagree, 3=neither agree nor disagree [neutral], 4=mildly agree, 5=completely agree), and dividing
that sum by the number of items tapping to the factor [26]. We calculated weighted average factor
scores for each CE factor, for which a weight that was equivalent to the item’s factor loading was
applied to each item score prior to the generation of the average (weighted) factor score.
Multi-level modelling of CE and behavioural and nutritional outcomes
Subsequent to univariate and bivariate analyses, we performed multivariate analyses, in three
phases. During each phase, we employed random-intercept mixed effects model frameworks to
account for non-independence of observations within village clusters (phases I and II), and within
village clusters and households (phase III). During all analytical phases, we employed a backward
step-wise elimination modelling approach, using an exit criterion of p>0.05 to fit each model.
Explanatory variables demonstrating significant associations with outcomes of interest on bivariate
analyses at a 10% significance level, per Wald test, were considered for entry into multivariate
hierarchical models. Other non-statistical substantive justification supported our inclusion of all CE
factor indicators in all multivariate models, regardless of whether they were statistically significant
at a 10% level on bivariate analyses.
During phase I, we examined whether there were differences between CE factor scores across study
arms and between genders and respondents with leadership status vs. those without. We then
examined whether there was evidence of independent associations between CE factor scores and
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intervention status, gender, and leadership status (i.e., exposure to the Gram Vikas MANTRA
intervention) using maximum likelihood estimation via mixed effects linear regression with robust
standard errors.
During phase II, we examined whether there was evidence of independent associations between
CE factor scores and behavioural uptake of improved WASH practices, as manifest by installation of
water, sanitation, and hygiene facilities, and utilisation thereof. Given CE may have dictated
exposure to the MANTRA intervention, but may also have been enhanced by it, we stratified these
analyses by study arm and respondent gender, as indicated by results from our phase I analyses.
We employed a two-level random intercepts model framework for phase I and II to accommodate
the hierarchical data structure, and adjust for village and household/respondent-level covariates.
We used mixed effects Poisson regression with robust variance estimation to produce prevalence
ratios for WASH facilities coverage and utilisation outcomes.
During phase III, we examined whether there was evidence of independent associations between
CE factor scores and down-stream nutritional outcomes amongst children aged less than five years.
Given nutritional data were collected on all children in the household aged less than five years, we
employed a three-level random intercept model framework for these analyses. We employed
maximum likelihood estimation via mixed effects linear regression with robust standard errors for
continuous nutritional indicators (i.e., HAZ, WHZ, WAZ).
Ethical approvals
The Gram Vikas MANTRA matched cohort study and its sub-studies received ethical approval from
the London School of Hygiene and Tropical Medicine’s Observational/Interventions Research Ethics
Committee (Ref 9071), and the Kalinga Institute of Medical Sciences at KIIT University,
Bhubaneswar, India (KIMS/KIIT/IEC/053/2015) ethics committee. The study was registered on
ClinicalTrials.gov (NCT02441699).
RESULTS
Study sample characteristics
A total of 1,802 eligible respondents were available and provided consent to participate in the CE
survey, reflecting a 75% response rate amongst all households enrolled in the larger matched
cohort study. Forty-seven observations were dropped from the analytical sample due to incomplete
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or duplicative identifiers, or missing gender or age data that would impede appropriate designation
for sub-group analyses. An additional 21 respondents indicated that they either did not currently
live in the village, or resided there less than four days per week. The final CE analytical sample
contained 1,734 observations; 1,123 from women, 611 from men. CE data were obtained on 803
respondents living in intervention villages, and 931 respondents living in control villages. A total of
2,086 children aged less than five years from 1,481 households provided data on nutritional
outcomes. See Table 1 for further details.
Association between CE factor scores and intervention status, respondent’s gender & leadership
status
After item reduction carried out via our factor analytic approach, the CE scale we developed and
validated reflected a 25-item, six-factor measurement model that included the following factors:
social response, social disorder, agency, village leadership, social networks, and social attachment.
These factors correspond to behavioural control, informal social control, social cohesion, and
cognitive and structural social capital domains. The final CE measurement model demonstrated
acceptable model fit (χ2:df ratio = 2.379; Root Mean Square Error of Approximation [90% CI] = 0.040
[0.0036-0.044]; Comparative Fit Index = 0.924; Tucker-Lewis Index = 0.913), with all items loading
significantly and saliently on a single factor. See Supplemental Material for further details regarding
results from our psychometric analyses.
CE factor scores differed by intervention status and respondent’s gender and village leadership
status (Figure 2). Below, we summarise results of our multivariate analyses, highlighting variables
that were significantly and independently associated with each factor score.
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Table 1. Study sample characteristics,* behavioural and nutritional outcomes of interest

Respondent-reported characteristic
Respondent's age - median (IQR)
Number of years respondent has lived in village - median (IQR)
Social response factor score (weighted) - median (IQR)
Social disorder factor score (weighted) - median (IQR)
Agency factor score (weighted) - median (IQR)
Village leadership factor score (weighted) - median (IQR)
Social networks factor score (weighted) - median (IQR)
Social attachment factor score (weighted) - median (IQR)
Respondent holds a leadership role in the village
Respondent's highest educational attainment
No formal education
At least some primary (up to year 4)
At least some secondary (up to year 10)
Higher than secondary
Household-level characteristics
Number of household members - median (IQR)
Wealth quintile §
Highest (i.e., richest)
Fourth
Middle
Second
Lowest (i.e., poorest)
Caste/tribe of the head-of-household
Scheduled caste
Scheduled tribe
Other backward caste
Other caste
Head-of-household's occupation
Professional
Sales/service worker
Production worker
Agricultural worker
Unemployed

Men †
(n=261)

All
(n=931)

Control
Women †
(n=581)
n (%)

Men †
(n=350)

I/C
difference
p-value ‡

28 (25-38)
12 (7-27)
3.3 (2.7-3.5)
1.7 (1.2-2.0)
2.7 (2.0-3.1)
2.7 (2.2-3.0)
4.5 (4.0-4.5)
4.3 (4.3-4.3)
22 (4)

35 (30-55)
35 (28-46)
3.3 (3.1-3.5)
1.6 (1.0-2.0)
2.9 (2.6-3.4)
2.7 (2.1-3.0)
4.5 (4.0-4.5)
4.3 (4.3-4.3)
17 (7)

30 (25-40)
23 (10-35)
3.3 (2.7-3.5)
1.8 (1.3-2.1)
2.7 (2.1-3.2)
2.5 (1.9-2.9)
4.5 (3.6-4.5)
4.3 (4.3-4.3)
26 (3)

28 (25-35)
12 (7-26)
3.1 (2.5-3.5)
1.9 (1.4-2.1)
2.4 (1.9-2.8)
2.3 (1.9-2.8)
4.5 (3.6-4.5)
4.3 (4.3-4.3)
13 (2)

35 (30-51)
34 (27-45)
3.3 (2.8-3.5)
1.7 (1.2-2.1)
2.8 (2.6-3.4)
2.6 (1.9-3.0)
4.5 (4.0-4.5)
4.3 (4.3-4.3)
13 (4)

294 (36)
83 (10)
387 (48)
39 (5)

229 (42)
42 (8)
256 (47)
15 (3)

65 (25)
41 (16)
131 (50)
24 (9)

361 (39)
133 (14)
396 (43)
41 (4)

264 (45)
64 (11)
239 (41)
14 (2)

97 (28)
69 (20)
157 (45)
27 (8)

0.735
0.589
0.164
0.001***
0.057
<0.001***
0.134
0.486
0.025**
0.229

7 (6-8)

7 (5-8)

6 (5-8)

7 (6-9)

7 (6-8)

6 (5-8)

7 (6-8)

339 (20)
353 (20)
347 (20)
347 (20)
348 (20)

189 (24)
174 (22)
146 (18)
159 (20)
135 (17)

120 (22)
127 (23)
94 (17)
107 (20)
94 (17)

69 (26)
47 (18)
52 (20)
52 (20)
41 (16)

150 (16)
179 (19)
201 (22)
188 (20)
213 (23)

97 (17)
109 (19)
126 (22)
119 (20)
130 (22)

53 (15)
70 (20)
75 (21)
69 (20)
83 (24)

277 (18)
195 (13)
617 (41)
428 (28)

97 (13)
88 (12)
294 (41)
242 (34)

71 (15)
50 (10)
195 (40)
170 (35)

26 (11)
38 (16)
99 (42)
72 (31)

180 (23)
107 (13)
323 (41)
186 (23)

108 (22)
57 (11)
217 (43)
118 (24)

72 (24)
50 (17)
106 (36)
68 (23)

86 (6)
172 (12)
331 (23)
661 (45)
217 (15)

50 (7)
82 (12)
159 (23)
296 (43)
108 (16)

31 (7)
61 (13)
126 (27)
189 (40)
68 (14)

19 (9)
21 (10)
33 (15)
107 (49)
40 (18)

36 (5)
90 (12)
172 (22)
365 (47)
109 (14)

22 (5)
67 (14)
114 (24)
201 (42)
78 (16)

14 (5)
23 (8)
58 (20)
164 (57)
31 (11)

Aggregate
(N=1,734)
n (%)

All
(n=803)

30 (25-43)
23 (9-36)
3.3 (2.7-3.5)
1.7 (1.3-2.1)
2.7 (2.1-3.2)
2.6 (2.0-2.9)
4.5 (4.0-4.5)
4.3 (4.3-4.3)
65 (4)

30 (25-45)
24 (8-37)
3.3 (2.8-3.5)
1.6 (1.1-2.0)
2.7 (2.1-3.2)
2.7 (2.1-3.0)
4.5 (4.0-4.5)
4.3 (4.3-4.3)
39 (5)

655 (38)
216 (12)
783 (45)
80 (5)
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Women †
(n=542)
n (%)

0.585
0.011**

0.034**
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Hindu religion
Village-level characteristics
Area of village (hectares) - median (IQR)
Density of village (households per hectare) - median (IQR)
Paved road access to the village

1,480 (98)
3.3

687 (98)
3.5

462 (98)
3.5

225 (97)
3.5

793 (99)
3.3

499 (99)
3.7

294 (98)

0.686

3.1

0.798

56.2

0.012**

(2.1-6.1)

(2.0-6.1)

(2.1-6.1)

(1.8-6.1)

(2.1-5.2)

(2.3-5.3)

(1.9-4.9)

(37.5-63.4)

(32.9-57.0)

(32.9-57.0)

(32.9-57.5)

(40.9-69.8)

(41.6-65.6)

(40.9-69.8)

276 (92)

0.575

353 (65)
70 (13)
448 (83)
379 (70)

182 (70)
40 (15)
226 (87)
189 (72)

73 (8)
43 (5)
191 (21)
102 (11)

50 (9)
27 (5)
113 (20)
70 (12)

23 (7)
16 (5)
78 (22)
32 (9)

<0.001***
0.003**
<0.001***
<0.001***

290 (57)
448 (98)
30 (7)
339 (90)
318 (84)
369 (97)

137 (55)
235 (100)
12 (5)
169 (89)
152 (80)
186 (98)

100 (12)
202 (97)
7 (3)
86 (84)
56 (55)
95 (93)

58 (11)
119 (96)
4 (3)
60 (86)
41 (59)
65 (93)

42 (13)
83 (98)
3 (4)
26 (81)
15 (47)
30 (94)

<0.001***
0.154
0.081
0.160
0.001***
0.035**

49.2

40.9

40.9

42.0

1,440 (83)
677 (97)
456 (97)
221 (96)
Behavioural and nutritional outcomes of interest

WASH facilities coverage outcomes
Improved drinking water source PIPED, on-premise ǁ
608 (35)
535 (67)
Interruption of drinking water availability - 24+ hrs in past 2 wks
153 (9)
110 (14)
On-site improved household sanitation facility ǁ
865 (50)
674 (84)
On-site enclosed bathing room
670 (39)
568 (71)
WASH facilities utilisation outcomes
HH members 5+ yrs usually defecate in on-site, improved facility
527 (32)
427 (56)
Presence of completed pit
885 (98)
683 (99)
Presence of a pan that is broken, blocked, or full of leaves/debris
851 (95)
42 (6)
Exclusive use of an on-site enclosed bathing room ¶
594 (89)
508 (89)
Presence of working water source in/near bathing room
526 (79)
470 (83)
Presence of roof on bathing room
650 (97)
555 (98)
Child-level characteristics and nutritional outcomes – Children aged less than five years
N=2,086
n=974
Child age - 𝑥𝑥̅ (sd)
1.92 (1.41)
1.91 (1.41)
N=71
n=30
Exclusive breastfeeding amongst children aged less than 6 mo.
39 (55)
14 (47)
N=1,754
n=813
Minimum dietary diversity or higher (i.e., ≥ 4.0 threshold) ††
1,100 (63)
546 (67)
N=1,882
n=864
Reported diarrhoea during the past 7 days ‡‡
67 (4)
27 (3)
N=1,405
n=630
Height-for-age z-score (HAZ) - 𝑥𝑥̅ (sd)
-1.62 (1.16)
-1.47 (1.18)
N=1,407
n=630
Weight-for-height z-score (WHZ) - 𝑥𝑥̅ (sd)
-0.79 (1.06)
-0.76 (1.09)
N=1,454
n=646
Weight-for-age z-score (WAZ) - 𝑥𝑥̅ (sd)
-1.47 (1.12)
-1.35 (1.14)

56.2

763 (95)

n=1,112
1.94 (1.41)
n=41
25 (61)
n=941
554 (59)
n=1,018
40 (4)
n=775
-1.74 (1.12)
n=777
-0.82 (1.03)
n=808
-1.57 (1.09)

56.2

487 (97)

0.624
0.238
0.015**
0.378
0.011**
0.456
0.044**

Notes. * Variables considered for inclusion in one or more multivariate models of targeted behavioural and nutritional outcomes of interest, as indicated by bivariate analyses and/or other substantive
justification. †Gender of CE survey respondent - note, this person provided data on his/her own demographics and responded to the CE survey, all other data were provided by the primary female caregiver of the
matched cohort study during a separate household survey. ‡ Wald p-value adjusted for non-independence of observations at village level for respondent and household characteristics, adjusted for clustering at
village and household level for child nutritional outcomes, unadjusted for other covariates (see Tables 2a, 2b, S1a, S1b for adjusted statistics from multivariate analyses). ** p ≤ 0.05; *** p ≤ 0.001. § Captures
proportion of households in each quintile of the standardised wealth index; derived from 20 imputations. ǁ Per JMP definitions. ¶ Female respondent’s reported use of bathing facility. †† Per WHO/UNICEF
guidelines. ‡‡ Defined as at least one occasion of three or more loose stools during 24 hours.
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Figure 2. Collective efficacy factor scores (weighted), by respondent gender & study arm. Factor
scores are visualised as box plots, which depict the distribution of the data through quartiles. The boxes represent the
inter-quartile range (i.e., 25% and 75% quartiles comprise the outer edges of the boxes, while the median is indicated by
the line inside the box). The lines that extend vertically from either side of the box (i.e., whiskers) indicate the variability
of the data outside the upper and lower quartiles. Outliers are plotted as individual points.
Agency
Agency factor scores were associated with intervention status (p=0.018). Compared to control
respondents, those from intervention villages perceived they had more agency over their own
future and their capacity to contribute toward the development of their village, and higher
behavioural control perceptions about their village’s ability to come together to make positive
changes (β1=0.08, 95% CI: 0.01, 0.15). There were also independent associations between agency
factor scores and respondent gender (p <0.001) and leadership status (p <0.001), with men scoring
agency indicators higher than women (β2=0.45, 95% CI: 0.38, 0.52), and leaders scoring them higher
than non-leaders (β3=0.37, 95% CI: 0.24, 0.50).
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Social disorder
There was evidence of an association between social disorder factor scores and intervention status.
Respondents residing in intervention villages provided low levels of agreement with statements
suggesting that crime and violence often occurs in their village, differences between people such
as wealth or caste often cause problems, and someone in the village may cheat them if they are
not careful compared to respondents from control villages. However, the association was
conditional on respondent education, and was significant when the respondent’s educational
attainment was less than or greater than some secondary school (p=0.017).
Village leadership
Village leadership factor scores were associated with intervention status (p<0.001). Respondents
from intervention villages perceived that they had informal and formal leaders in their village who
were active and could be trusted, and scored village leadership higher than those residing in control
villages (β1=0.16, 95% CI: 0.08, 0.25). There was also an association between village leadership
factor scores and the respondent’s own leadership status (p=0.004), as respondents with leadership
roles scored village leadership higher than those who did not hold a leadership role (β2=0.21, 95%
CI: 0.06, 0.35).
Social response
There was strong evidence of an independent association between social response factor scores
and respondent gender (p <0.001), as men tended to perceive that fellow villagers could be trusted,
and had a higher propensity to address issues and intervene when needed. They scored social
response higher than women (β=0.19, 95% CI: 0.14, 0.24).
Social networks
Social networks factor scores were associated with respondent gender (p<0.001). Compared to
women respondents, men perceived that their social networks were more available for and
demonstrated reciprocity of individual-level problem solving, and scored social networks indicators
higher than women (β1=0.23, 95% CI: 0.14, 0.32).
Social attachment
Social attachment factor scores were associated with respondent gender (p=0.002). Compared to
women, men had higher perceptions regarding social bonds within the village and their own social
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acceptance and sense of belonging therein, and scored social attachment indicators higher than
women (β1=0.06, 95% CI: 0.02, 0.09). There was also strong evidence of an independent association
between social attachment factor scores and leadership status (p=0.011), as respondents with
leadership roles scored attachment indicators higher than those without (β2=0.06, 95% CI: 0.01,
0.10).
Association between CE factor scores and behavioural and nutritional outcomes of interest
Findings from our stratified multivariate analyses indicated that some CE factor scores were
independently associated with behavioural outcomes of interest. Below, we summarise results by
behavioural outcome, with further detail provided in Tables 2a and 2b.
WASH facilities coverage outcomes
Prevalence of improved drinking water, piped on-premise was higher amongst control households
in which men perceived strong leadership in their village (aPR=2.25, 95% CI: 1.12, 4.53). Prevalence
of an on-site improved sanitation facility was higher amongst intervention households in which
women had lower perceptions of social disorder (aPR=0.90, 95% CI: 0.84, 0.97). This indicates that
lower social disorder may have facilitated the construction of improved sanitation facilities in Gram
Vikas MANTRA intervention communities. Prevalence of an on-site, enclosed bathing room was
associated with several CE factor scores provided by different individuals. The outcome was
positively associated with social response factor scores provided by women from intervention
villages (aPR=1.12, 95% CI: 1.02, 1.23), but negatively associated with agency (aPR=0.92, 95% CI:
0.86, 0.99) and social networks (aPR=0.96, 95% CI: 0.91, 1.00) factor scores provided by men from
intervention villages and social networks factor scores (aPR=0.73, 95% CI: 0.64, 0.83) provided by
women from control villages. The negative association with social networks factors scores may be
a result of fewer opportunities these women have to move outside of the household and socialise
with their peers.
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WASH facilities utilisation outcomes
Prevalence of household-level utilisation of an improved, on-site sanitation facility for defecation
was higher amongst intervention households in which women had higher perceived agency
(aPR=1.17, 95% CI: 1.00, 1.37). Prevalence of household-level sanitation facilities utilisation in
control villages was higher amongst households in which women scored village leadership
indicators high (aPR=3.86, 95% CI: 1.67, 8.97), but lower amongst households in which women had
lower perceptions of agency (aPR=0.69, 95% CI: 0.49, 0.97). Prevalence of women’s utilisation of
an on-site, enclosed bathing room was negatively associated with social networks factor scores
provided by women from control villages (aPR=0.77, 95% CI: 0.66, 0.89). Social disorder factor
scores provided by these women were also associated with use of an on-site bathing room, but this
association was conditional on the women’s social networks factor score.
Nutritional outcomes amongst children aged less than five years
Findings from our stratified multivariate analyses indicate that some CE factor scores provided by
adults from study household were independently associated with nutritional outcomes amongst
children aged less than five years who resided in the household. Below, we summarise results by
nutritional outcome, with further detail provided in Tables S1a and S1b.
HAZ was associated with agency factor scores provided by men from control villages (β=0.22, 95%
CI: 0.03, 0.40), and social disorder factor scores provided by men from intervention villages (β=0.29,
95% CI: 0.03, 0.54). This nutritional outcome was also negatively associated with social response
factor scores provided by women from intervention villages (β=-0.25, 95% CI: -0.40, -0.09).
WHZ was negatively associated with social response perceptions of women in intervention
communities, but this was conditional on the respondent’s age. WHZ was also positively associated
with village leadership factor scores (β1=0.21, 95% CI: 0.01, 0.41), and negatively associated with
response factor scores (β2=-0.31, 95% CI: -0.59, -0.03) provided by men in intervention villages. This
nutritional outcome was also independently and positively associated with agency factors scores
(β1=0.22, 95% CI: 0.04, 0.39), and negatively associated with social attachment factor scores (β2=0.51, 95% CI: -0.97, -0.05) provided by men in control villages.
WAZ was negatively associated with social response factor scores amongst women in intervention
communities (β= -0.21, 95% CI: -0.38, -0.04). WAZ was also independently associated with agency
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factor scores provided by men from control villages (β= 0.27, 95% CI: 0.10, 0.45). This finding
suggests that in villages where no intervention occurred, children from households in which men
scored agency factors relatively high had better weight-for-age z-scores.

DISCUSSION
This study examined associations between CE factors and improved WASH behaviours and
downstream nutritional outcomes. Three CE factors were associated with village participation in
MANTRA, a WASH programme that focuses on collective action, social inclusion, and social equity.
Agency and village leadership perceptions were higher, while social disorder was perceived to be
lower amongst MANTRA participants than their counterparts from control villages. We also
observed that CE factors were independently associated with WASH facilities coverage and
utilisation behaviours, and nutritional outcomes in both intervention and control villages.
Observing associations between CE factors and specific MANTRA programme targets in
intervention villages (i.e., WASH facilities coverage and utilisation) suggests that CE is an important
factor in the uptake of improved WASH behaviours. Results generated from control villages
indicated that certain CE factors, such as village leadership and agency, were associated with
individual and household-level uptake of improved WASH behaviours and nutritional outcomes,
respectively, even in the absence of community-based WASH initiatives. Based on these findings,
we conclude that assessing CE-related factors amongst villages, groups, or collectives prior to
intervention can help target programmes predicated on collective action, and harness these
behavioural control perceptions to further facilitate intervention uptake amongst those ready for
change.
Our findings suggest that CE-related factors may have the potential for changing and sustaining
behaviour, and that CE factors may be behavioural antecedents of improved WASH practices,
regardless of directed intervention. Given the limitations of our study design, we are not able to
draw causal inferences from these results. In other words, we cannot rule out that the intervention
villages were different from control villages on unmeasured criteria that may have been
confounders. That said, findings from this study do provide justification for further examination
into possible causal associations between CE factors, behavioural outcomes, and downstream
health and development impacts.
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Results from our study align with other evidence that suggests social constructs are important
behavioural factors related to the effectiveness of WASH interventions. For example, previous
studies of social capital have revealed that constituent factors of social capital, such as differences
in leadership and community structures, mediate collective action related to sanitation use and
water access [27, 28]. While our CE scale incorporates indicators that tap to cognitive and structural
social capital, it moves beyond measuring capital, and includes important indicators that allow for
the measure of behavioural control perceptions at the individual (i.e., self-efficacy) and collective
(i.e., collective agency) levels. These factors play important roles in collective goal setting, group
performance including the amount of effort and resolve the group will expend, and ultimate goal
attainment [12, 13, 29].
Our findings also corroborate existing evidence regarding the role social conflict and exclusion may
play in inhibiting uptake of improved WASH behaviours [28, 30]. While these findings concur with
others suggesting social fragmentation is a barrier to improved sanitation, they do not reinforce
the presumption that differences in caste, class, and religion preclude heterogeneous villages or
collectives from being able to perceive of themselves as cohesive units that can cooperate to
achieve collective goals. That said, we did observe persistent caste disparities related to prevalence
of improved, on-site sanitation facilities, with lower prevalence observed amongst scheduled caste
(i.e., Dalit) and scheduled tribe (i.e., Adivasi) households compared with households belonging to
other castes (e.g., Other Backward Caste, other castes).
Results from our examination of CE revealed the potential for unintended negative consequences
of improved WASH practices on social networks. Moving outside the household compound to fetch
water and bathe provides opportunities for socialisation amongst women. Sometimes, these
activities provide the only opportunities for women to move outside of their household
compounds. Installing sanitation and hygiene facilities and water sources on the premises of the
household compound improves living conditions, but may negatively affect perceptions regarding
one’s social networks. Given no pre- or peri-intervention measures of social networks perceptions
were captured, we are unable to ascertain whether these individuals had low perceptions of their
social networks prior to the installation of their on-site bathing rooms. The MANTRA intervention
incorporates intervention activities to increase empowerment and social mobilisation of women
(e.g., establishment of self-help groups), which may explain why our results did not indicate lower
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social networks perceptions amongst women from intervention communities. These findings have
implications for programming. They imply that social inclusion initiatives and alternative
socialisation opportunities, particularly those targeted toward women, need to be incorporated
into mainstream WASH programming. These intervention components can ensure that as people,
particularly women, move to exclusively utilise on-premise WASH facilities, they maintain
opportunities to socialise and develop and maintain their social networks. Similar suggestions were
made by others who have studied the role of social capital in the uptake of WASH interventions
[28].
Our nutritional outcome data align with other findings emerging from India. Average HAZ amongst
children aged less than five years from MANTRA intervention villages were similar to average HAZ
amongst Indian children in 2015-2016, as revealed by an analysis of the fourth round of National
Family Health Survey (NFHS), India’s Demographic and Health Survey (DHS) [31]. However, these
height-for-age z-sores were significantly better than those of children aged less than five years from
control villages. Average HAZ amongst children from control villages was similar to average HAZ
amongst children of the same age from disadvantaged states [31]. Our findings indicated that CE
factors such as village leadership, agency, and social response were associated with nutritional
outcomes. However, our results also revealed some findings that were counter-intuitive (e.g.,
negative associations between social response factor scores and nutritional outcomes, positive
association between social disorder factor scores and HAZ, negative association between social
attachment and WHZ). These counterintuitive findings may have arisen as a result of factors such
as other infectious diseases (e.g., malaria and measles), care practices, and maternal undernutrition
known to influence child nutritional outcomes [32, 33], but were not measured during the study
(i.e., were not included in our models).
Our study has several limitations. The CE scale we developed and employed reflected the first
iteration of CE scales developed by our research group. This early version was less developed than
subsequent iterations that underwent additional formative development, and built on lessons
learnt through the development and administration of this India-specific tool. While factor model
fit was adequate, the social networks factor was less conceptually saturated than later iterations of
our CE scale [19], and certain motivational aspects related to CE were not fully assessed. It may be
possible that true associations did not emerge within these India-specific multivariate models due
to these shortcomings. Given we were conducting an external evaluation of an intervention for
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which early stages of implementation commenced more than ten years prior to data collection, no
pre-intervention CE or related measures were available. As a result of our post-only design, we
were not able to investigate causal relationships between CE and intervention effectiveness or
directionality thereof. However, given the substantial length of time between intervention
implementation and data collection, we were able to assess sustainability of outcomes. Our findings
suggest that the impacts produced by the MANTRA intervention were enduring up to three years
post-programme completion. Finally, while we measured indicators of exclusive breast feeding and
dietary diversity, per WHO/UNICEF guidelines (though we applied these for children up to five years
of age), we did not measure indicators of maternal nutrition or care practices, which evidence
suggests may influence nutritional outcomes amongst children [32, 33].
CONCLUSIONS
Our findings indicate that CE factors are associated with improved WASH practices and nutritional
outcomes amongst children aged less than five years. This study demonstrated the ability of our CE
scale to pinpoint specific CE-related factors that either contribute toward or prevent the uptake of
improved WASH behaviours. CE-related factors can and should be considered when identifying
villages, groups, or collectives amongst which community-based interventions should be targeted,
as those indicating relatively high CE factor scores are likely more ready for and motivated to
change. CE-related considerations should also be incorporated into the design of community-based
intervention content and implementation approaches.
The results of this study yielded two key hypotheses related to diagnostic examinations of
community-based interventions that should be tested in future experimental studies. First, we
hypothesise that CE may be an important interpersonal, or community-level behavioural
antecedent of collective action, and in turn, effective community-based interventions. Second, we
hypothesise that there is a bi-directional relationship between collective efficacy and intervention
effectiveness. In other words, we hypothesise that innate properties of CE factors exist amongst
collectives, and may play a role in the uptake of community-based interventions, but CE may also
be developed and enhanced through the interventions.
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Table S1a. Multivariate analyses, nutritional outcomes of interest - women respondents
Nutritional outcomes amongst children aged less than five years
Height-for-age z-score
(haz)

Respondent-level characteristic
Social response factor scores (weighted)
Social response factor score*Respondent age
18-34 years

I (n=401)
C (n=411)
Respondent, household, village characteristics
-0.25*
(-0.40, -0.09)

-0.07
(-0.29, 0.16)

60+ years
18-34 years
Age
18-34 years

60+ years

At least some secondary (up to year 10)
Higher than secondary

Household-level characteristic

I (n=435)

C (n=433)

-0.21*
(-0.38, -0.04)

Ref
0.05
(-0.27, 0.36)
0.52*
(0.01, 1.04)

35-59 years

At least some primary (up to year 4)

Weight-for-age z-score
(waz)

Ref
-0.13
(-0.66, 0.40)
-0.14
(-0.47, 0.20)
-0.91*
(-1.68, -0.13)

35-59 years

Respondent's highest educational attainment
No formal education

Weight-for-height z-score
(whz)
β coefficient (95% CI)
I (n=371)
C (n=361)

Ref
0.50***
(0.24, 0.77)
0.25*
(0.02, 0.49)
0.16
(-0.46, 0.78)

Caste/tribe of the head-of-household
Scheduled caste

Ref
0.40
(-0.86, 1.66)
0.48
(-0.54, 1.51)
1.68
(-0.61, 3.98)

Ref
-0.21
(-0.65, 0.24)
0.42*
(0.10, 0.73)

Scheduled tribe
Other backward caste
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Ref
-0.56*
(-1.01, -0.11)
0.001
(-0.40, 0.40)

Ref
0.18
(-0.26, 0.63)
0.23*
(0.02, 0.45)
-0.09
(-0.62, 0.44)

Ref
-0.25
(-0.69, 0.19)
0.38***
(0.17, 0.59)

Ref
-0.14
(-0.62, 0.34)
0.39*
(0.11, 0.67)
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0.52*
(0.18, 0.86)

Other caste
Head-of-household's occupation
Professional

0.39*
(0.10, 0.69)

0.46*
(0.09, 0.82)

Ref
0.63*
(0.05, 1.20)
0.70*
(0.15, 1.25)
0.83***
(0.27, 1.38)
0.94***
(0.33, 1.55)

Sales/service worker
Production worker
Agricultural worker
Unemployed

Village-level characteristic

0.10***
(0.05, 0.15)

Area of village (hectare)

WASH facilities coverage and utilisation outcomes

0.11
(-0.29, 0.50)

0.11***
(0.06, 0.16)

Behavioural and nutritional outcomes of interest
0.41*
(0.10, 0.72)

Improved drinking water source PIPED, on-premise
On-site improved household sanitation facility
WASH facilities utilisation outcomes
ALL HH members aged 5 yrs+ usually defecating in an on-site improved sanitation facility

0.62***
(0.28, 0.96)

0.51*
(0.17, 0.86)

0.48***
(0.25, 0.71)

Female respondent’s use of an on-site bathing room
Always use

Ref
-0.58*
(-1.06, -0.11)
-0.23
(-0.68, 0.21)

Sometimes use
Never use
Notes. * p < 0.05;

0.04*
(0.01, 0.06)

*** p ≤ 0.001
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Table S1b. Multivariate analyses, behavioural and nutritional outcomes of interest - men respondents
Height-for-age z-score
(haz)

Respondent-level characteristic

0.29*
(0.03, 0.54)

Agency factor scores (weighted)

0.22*
(0.03, 0.40)

Village leadership factor scores (weighted)
Social attachment factor scores (weighted)
No formal education
At least some primary (up to year 4)
At least some secondary (up to year 10)
Higher than secondary

Household-level characteristic

Weight-for-age z-score
(waz)
I (n=195)

Ref
0.88*
(0.15, 1.61)
0.39
(-0.08, 0.86)
0.90***
(0.39, 1.40)

0.21*
(0.01, 0.41)

0.22*
(0.04, 0.39)
-0.51*
(-0.97, -0.05)

0.27*
(0.10, 0.45)

Ref
0.43
(-0.12, 0.97)
0.18
(-0.23, 0.59)
0.64*
(0.02, 1.27)

Wealth quintile

-0.32
(-0.74, 0.09)
-0.43*
(-0.83, -0.04)
-0.26
(-0.67, 0.16)
-0.13
(-0.57, 0.32)
Ref

Highest (i.e., richest)
Fourth
Middle
Second
Lowest (i.e., poorest)
Caste/tribe of the head-of-household
Scheduled caste
Scheduled tribe

C (n=272)

-0.31*
(-0.59, -0.03)

Social response factor scores (weighted)
Social disorder factor scores (weighted)

Nutritional outcomes

Weight-for-height z-score
(whz)
β coefficient (95% CI)
I (n=204)
C (n=251)
I (n=204)
C (n=305)
Respondent, household, village characteristics

Ref
-0.30
(-0.72, 0.11)
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Ref
-0.23
(-0.69, 0.23)

Ref
-0.54*
(-0.95, -0.13)
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0.36
(-0.002, 0.74)
0.63*
(0.05, 1.21)

Other backward caste
Other caste

Village-level characteristic
Area of village (hectares)

0.50*
(0.04, 0.97)
0.32
(-0.20, 0.83)

0.11*
(0.04, 0.18)

-0.16***
(-0.25, -0.06)

Child age
WASH facilities coverage outcomes

Behavioural and nutritional outcomes of interest

Improved drinking water source PIPED, on-premise
On-site improved household sanitation facility
WASH facilities utilisation outcomes
ALL HH members aged 5 yrs+ usually defecating in an on-site improved
sanitation facility
Notes. * p < 0.05;

0.64*
(0.15, 1.13)
-0.56*
(-1.02, -0.11)

*** p ≤ 0.001
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0.54*
(0.17, 0.91)

0.66*
(0.14, 1.18)

0.50*
(0.09, 0.91)
0.67*
(0.15, 1.18)
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SUPPLEMENTAL MATERIAL
Collective efficacy and the adoption and influence of a community-based water
supply and sanitation programme: a cross-sectional study in Odisha, India
Maryann G. Delea, Gloria D. Sclar, Corey L. Nagel, Sheela S. Sinharoy, Heather Reese, Thomas
F. Clasen

ADDITIONAL BACKGROUND
Additional details regarding the Gram Vikas MANTRA programme
Gram Vikas will not initiate village enrollment into MANTRA before a village demonstrates its
unanimous commitment to the programme. Details regarding the MANTRA programme are
presented below, and highlight how factors related to collective behaviour are deeply
engrained in the programme’s design. MANTRA is implemented in three phases, which are
carried out over approximately three years. The programme commences with the Motivational
Phase, then continues through to Implementation and Completion Phases.
During its Motivational Phase, Gram Vikas identifies villages with the potential of being fully
engaged with the MANTRA programme. In addition to the programme requirements outlined
in the main text of this paper, during this phase, Gram Vikas requires that potential programme
villages demonstrate their commitment to the objectives of the MANTRA programme prior to
fully engaging with the village, and moving it to the Implementation Phase of MANTRA. A Village
Executive Committee comprised of five men and five women must also be elected by the village,
and representation must be proportional to the village’s caste and class distribution. The village
must also establish a Village Corpus Fund, which every household pays into every month until
the fund is complete, at which point it is deposited into the bank, the interest of which can be
used to expand the village water distribution system and toilets and bathing rooms for new
families. Once a village has demonstrated this level of commitment, Gram Vikas then fully
engages the village in the MANTRA programme, as it initiates its Implementation Phase. During
this phase, MANTRA staff provide technical assistance and supervise the construction of the
village’s water tank and distribution system and every household’s sanitation and hygiene
block. These Field Officers build capacity of the Village Executive Committee to apply for
reimbursement from the government for the construction of the village water distribution
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system, which is fully subsidised. MANTRA staff also assist with the application of government
subsidies for the installation of improved household sanitation facilities.
In addition to these basic programming activities, MANTRA aims to improve women’s
empowerment and social inclusion, and social equity across castes through other programme
initiatives such as self-help groups.
ADDITIONAL METHODS
Summary of the five-step CE scale development and validation process
We used a multiple-step, sequential exploratory and confirmatory approach [17] to develop,
refine, and validate a theoretically-grounded and evidence-based CE measurement scale [18].
This process relied heavily on a factor analytic approach. Factor analysis is a psychometric
method that allows for the measurement of latent constructs that cannot be directly observed
or measured. In a factor analytic framework, latent constructs are measured through the
analysis of manifest variables (e.g., survey items), indicators that represent certain aspects of
the latent construct [34]. The analyses of these data can elucidate the underlying structure of
the construct and its constituent sub-constructs.
Factor analysis comprises a suite of analytical methods, including exploratory factor analysis
(EFA) and confirmatory factor analysis (CFA). EFA is a descriptive analytical method used to
determine the number of common factors in a measurement model, and identify which
measured variables are indicators of the latent construct (i.e., identify factor structure) [24].
CFA is an evaluation approach that allows for direct testing and validation of hypothesised
factor structures to assess their appropriateness as measurement models (i.e., determine
construct validity, falsify hypothesised models). These types of analytical methods utilise matrix
algebra to generate statistics used to reveal a construct’s underlying factor structure [35].
Our multiple-step scale development and validation approach entailed a literature review to
examine conceptualisations of CE and other related social constructs (e.g., social capital, social
cohesion, self-efficacy). We performed an applied thematic content analysis to re-organise
emergent sub-constructs into key CE domains, dimensions/factors, and facets to generate a
hypothesised CE framework that was used to develop a draft survey. The resulting framework
represented a seven-factor conceptualisation, with items tapping to social order, social
response, social capital, social equity, common values, community attachment, and agency.
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These factors represent aspects of three domains: informal social control, social cohesion, and
behavioural control.
After generating an item pool by extracting relevant prompts from existing survey instruments
[18], coding those items against our framework, removing repetitive items, and designing new
ones, as needed, we contextually authenticated the tool via a formative research process. We
re-structured all survey items such that they worked well with a five-point, Likert type response
format [18]. Once our draft tool was developed, it was translated into Odia, and back-translated
into English to ensure the quality of the translations. During January 2016 (summer season in
Odisha, India), we conducted formative work on the tool. This consisted of cognitive validation
of the tool to assess face validity. We performed a series of in-depth cognitive interviews that
employed ‘think aloud’ and probing techniques to gauge participants’ understanding of the
meaning of survey prompts and appropriateness of response selection [36]. Findings from these
in-depth cognitive interviews informed survey refinements. Subsequent to pilot testing and
survey refinement, the study team administered the refined, 36-item CE survey amongst all
available and consenting households enrolled in the larger matched cohort study.
Summary of psychometric analyses
Initial data cleaning and descriptive analyses were performed in Stata (version 15.0 StataCorp,
College Station, TX, USA). We performed subsequent descriptive and all factor analyses (EFA,
preliminary CFA, single-group CFA of EFA-derived factor solutions, multiple-group CFA and
Multiple Indicators Multiple Causes [MIMIC] modelling) in Mplus software (version 8 Muthén &
Muthén, Los Angeles, CA, USA).
To prepare our data for analyses, we partitioned our CE dataset in two through the use of a
random-number seed to identify two separate random split-halves. We designated one random
split-half sample for scale development via EFA; the remaining random hold-out sample was
reserved for scale validation via CFA of the EFA-derived factor solutions. Univariate analyses
performed in Stata and verified results in Mplus examined respondent/household
characteristics and item distributions for all CE items.
Preliminary confirmatory factor analysis of the hypothesised CE framework
We decided a priori to first test our hypothesised CE framework via a preliminary CFA [37]. Poor
model fit statistics for this preliminary CFA would signal that the hypothesised CE framework
may need modification in order to produce an appropriate CE measurement framework. In the
event model fit statistics indicated poor fitness, we decided a priori that we would perform EFA
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to determine alternative CE factor structures derived from our own empirical data, and conduct
CFA again to test and validate the resulting EFA-derived factor structures [24].
For preliminary CFA, we utilised a robust weighted least-squares with mean and variance
adjustment (WLSMV) estimation method based on assessments of polychoric correlation
matrices [38]. A sandwich estimator was applied to adjust for non-independence of
observations within clusters. Because it would have been justifiable to conclude our analyses
with CFA if the complex preliminary CFA indicated good model fit, we performed these analyses
on the full sample. We examined goodness-of-fit indices, assessing both absolute fit (e.g., χ2:df
ratio, root mean square error of approximation [RMSEA]) and incremental, or relative fit (e.g.,
comparative fit index [CFI], Tucker-Lewis index [TLI]). Standard thresholds of acceptable and
good model fitness were employed (i.e., χ2:df ratio < 3.0; RSMEA of ≤ 0.10 acceptable fit, ≤ 0.050.06 good fit; CFI & TLI ≥ 0.90 acceptable fit, ≥ 0.95 good fit) [24, 39, 40]. Factor loadings less
than 0.3 were considered non-salient (i.e., not statistically meaningful) [41]. Post hoc
refinements included the deletion of items with non-salient (factor loadings < 0.3) and/or nonsignificant (two-tailed p > 0.05) factor loadings. We also dropped all factors with less than two
items with salient and significant factor loadings, as these factors may have insufficient
component saturation, meaning the factor may not have been fully conceptually explained by
the emergent items, which could compromise factor interpretation [37].
Exploratory factor analysis
We performed complex EFA on one split-half of data. As with preliminary CFA, we utilised a
robust WLSMV estimation method based on assessments of polychoric correlation matrices for
EFA, and applied a sandwich estimator to adjust for non-independence [38, 40, 42]. An oblique
rotation was indicated due to hypothesised item correlation, and Promax was selected a priori
as the specific oblique rotation method for these analyses.
Decision rules related to factor retention were based on a combination of: 1) mathematicallybased and heuristic descriptive guides (i.e., Kaiser-Guttman rule [eigenvalue > 1.0] [43], screeplot); 2) goodness-of-fit; and 3) other substantive justification, such as results from cognitive
interviews, and theoretical and empirical evidence [24, 37, 44]. As with preliminary CFA, we
employed a holistic approach to evaluate goodness-of-fit indices for EFA. The same thresholds
used for preliminary CFA were used for EFA, but we also included an assessment of root mean
square residual (RMSR); values below 0.08 indicate reasonable model fit [39].
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Oblique rotations produce pattern coefficients that do not fully characterise the relationship
between an item and a given factor [44]. Therefore, in order to appropriately interpret EFA
results, we evaluated both the factor pattern and factor structure matrices [37]. Structure and
pattern coefficients with an absolute value greater than 0.3 were considered salient. Items with
factor loadings less than this threshold poorly measured the latent factors, and were eliminated
in a step-wise manner [41]. We iteratively re-analysed measurement models subsequent to
item reduction [44]. In order to be retained, factors needed to demonstrate adequate
component saturation and sufficient evidence that they were at least adequately measured
(i.e., at least two items with factor loadings greater than 0.3, and no or limited item crossloadings) [45]. Only complex variables (i.e., those with salient factor loadings on more than one
factor [cross-loadings]) with strong substantive justification for their cross-loadings were
retained. Models that represented the most readily interpretable (i.e., the simplest solution,
per Thurstone criteria [46]) and theoretically justifiable solutions were selected for the refined,
gender-specific factor solutions [44].
With regard to the interpretation of EFA results, factor loadings indicate the pattern of itemfactor relationships, and are often referred to as pattern coefficients [24]. Factor loadings
represent completely standardised estimates of regression slopes for predicting the indicators
from the latent variable [24]. While some methodologists caution against the use of thresholds,
common guidelines for the interpretation of factor loadings can be used to facilitate
interpretation of results (e.g., factor loadings > 0.71 excellent, > 0.63 very good, > 0.55 good, >
0.45 fair, and > 0.32 adequate) [41].
Confirmatory factor analysis of the EFA-derived factor solution
During CFA of EFA-derived factor solutions, we used the split-half hold-out sample to validate
the EFA-indicated measurement model. The underlying structure used to operationalise the
latent factors were those indicated in the factor solution produced via EFA. We identified the
scale of every latent factor through the use of marker indicator items, which we identified as
the item that demonstrated the highest factor loading on its respective factor, per EFA results
[24]. As with our preliminary CFA and EFA, we performed these CFAs using WLSMV with a
sandwich estimator to adjust for non-independence. Through post hoc model refinements, we
eliminated items with non-salient (i.e., factor loading < 0.3) and/or non-significant factor
loadings.
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We used the same process for holistically examining goodness-of-fit and carrying out post hoc
model refinements for the CFA of EFA-derived models as those employed during the preliminary
CFA. After examining fit statistics, we assessed residuals and modification indices for indications
of localised areas of strain (i.e., misfit) in the measurement models. Modification indices greater
than 3.84 indicated opportunities for further model refinement and fit improvement, through
the estimation of additional parameters, if justified [24, 47].
Multiple-group CFA and MIMIC modelling for assessment of differential item functioning
We performed Multiple Indicator Multiple Causes (MIMIC) modelling to test the validity of our
parsimonious CE measurement model in the presence of other relevant covariates, and assess
differential item functioning (DIF) [48]. DIF, or measurement non-invariance occurs when
people from different groups (e.g., men, women) with similar levels of the latent construct have
different probabilities of responding to an item in a certain way [49]. Our structural equation
MIMIC models consisted of a measurement model component reflected by the refined
parsimonious CE model, and a structural model component that specified the direct effects of
gender and leadership covariates on latent factor variables and relevant item indicators.
Significant direct effects would indicate DIF between these groups.
The same validation sub-sample used for CFA was used for these analyses. As we constructed
our MIMIC model, we first established a baseline model that introduced gender and leadership
status covariates, but assumed no direct effects of the covariates on any individual CE items.
Then, we employed a step-wise, forward selection approach to assess direct effects between
these covariates and relevant item indicators. We examined the modification indices, and
identified the item indicator with the highest significant, meaningful, and substantively
justifiable modification index. We added a direct path between the identified item indicator
and relevant covariate. We employed the DIFFTEST option in Mplus to assess whether the
additional direct path improved model fit. Given we had a relatively large sample size, it was
likely that DIFFTEST statistics would be significant [49], so we evaluated and compared other
model fit indices as well.
Collective efficacy factor score calculation
We used a coarse CE factor score calculation methods (i.e., non-refined, un-sophisticated
procedures) to generate weighted average CE factor scores [26]. Higher factor scores
represented higher levels of perceived behavioural control over the respective CE factors. We
generated CE factor scores for each respondent by summing his/her responses across all items
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in each factor (i.e., 1=completely disagree, 2=partially disagree, 3=neither agree nor disagree
[neutral], 4=partially agree, 5=completely agree), and dividing that sum by the number of items
tapping to the factor. This approach, however, assumes all items have the same level of
influence, or measurement proximity to their respective latent factor. We have demonstrated
that this is not the case. We then calculated weighted average CE factor scores, for which a
weight that was equivalent to the item’s factor loading was applied to each item score prior to
the generation of the average (weighted) factor score [26].
Multilevel modelling of CE and key outcomes of interest
We performed a series of univariate, bivariate, and multivariate analyses in Stata to examine
whether there was evidence of independent associations between collective efficacy, as
measured through our CE scale factor scores and: 1) intervention status, 2) uptake of improved
WASH behaviours, and 3) nutritional status of children aged less than five years.
We conducted univariate analyses to describe various aspects of the study sample (e.g.,
respondent, household, and study cluster characteristics; CE factor scores; prevalence of
behavioural outcomes and undernutrition). We also utilised descriptive analyses to examine
unit and item non-response rates. We performed bivariate analyses to explore crude
associations between potential covariates and behavioural and nutritional outcomes. We
performed multivariate analyses to determine whether there was evidence of independent
associations between CE factor indicators and behavioural and downstream nutritional
outcomes, while adjusting for other relevant explanatory variables.
We stratified our examinations of CE factor scores by gender given we observed differentials in
CE perceptions between women and men during preliminary analyses. We stratified by study
arm given the complex relationship between CE and intervention exposure. We assessed results
within the intervention arm to investigate whether there was evidence of independent
associations between CE factors and behavioural and nutritional outcomes. Given CE is an
innate characteristic operating amongst any collective or group of people, we also investigated
whether there was evidence of associations between CE factors and uptake of improved WASH
behaviours in control villages. Exploring whether there was evidence of these relationships in
control villages provided counterfactual assessments while also allowing us to examine innate
properties of CE where no community-based WASH interventions were operating.
As indicated in the main text of this paper, multilevel modelling occurred in three phases. We
employed a two-level random intercepts model using a Poisson estimator to produce
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prevalence ratios for phase I and II to accommodate the hierarchical data structure, and adjust
for village and household/respondent-level covariates. For these models, village-level variables
represented level two covariates. Given CE data were only collected from one household
member, both household and respondent-related variables represented level one covariates.
The conditional distribution of the response given the random effects is assumed to be Poisson.
Therefore, robust variance estimation was applied to adjust for violations against the
assumption that the data fit a Poisson distribution.
Existing evidence suggested that there may be important differences in behavioural control
perceptions (i.e., CE factor scores) between men and women, and those with leadership status
vs. non-leaders. Therefore, during phase I, we examined whether there were important
differences between CE factor scores across study arms and between genders and those with
leadership status vs. those without. We then examined whether there was evidence of
independent associations between CE factor scores and intervention status (i.e., exposure to
the Gram Vikas MANTRA intervention) using maximum likelihood estimation via mixed effects
linear regression with robust standard errors. This examination into differentials in CE factor
scores produced subject-specific estimates.
Phase III analyses comprised of modelling of nutritional outcomes. Observations from all
children aged less than five years of age were included in these analyses. Therefore, the phase
III model framework accommodated additional hierarchical nesting, with village-level variables
representing level three covariates, household and respondent-level variables representing
level two factors, and child-level variables representing level one covariates.
ADDITIONAL RESULTS
Univariate statistics
The India CE survey included 36 items for factoring (Table S2). The top five items to which
respondents most frequently selected “completely agree” aligned for men and women, though
there were some differences with regard to the proportions of those responses between sexes
(Table S7). These items reflected those related to community attachment and vicarious
affective feelings: “I feel proud to be part of this village” (96% of men, 94% of women); “Being
a member of this village is part of my identity or how I identify myself” (95% of men, 94% of
women); “I live in closeness with the village and its people” (95% of men, 93% of women); “I
feel accepted as a member of this village” (94% of men, 93% of women); “I feel happy for my
neighbour if they get some new work” (92% of men, 87% of women).
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Three of the top five items to which respondents most frequently selected “completely
disagree” aligned between men and women, however the proportions of those responses
differed between sexes, as did the remaining two items. Overlapping items reflected those
related to personal associational membership in community structures, intolerance, and
availability of supporting networks for individual-level problem-solving: “I am an active member
of at least one community organisation, such as a self-help group” (64% of men, 61% of
women); “Differences between people, such as wealth and caste, often cause problems in this
village” (45% of men, 37% of women); and “If you suddenly had to go away for a day or two,
you could count on your neighbours to take care of your children” (33% of men, 49% of women).
The remaining two items that men most frequently selected “completely disagree” reflected
those related to social disorder and social inequity: “In this village, often crimes and violence
occur” (41% of men); and “Sometimes people need to bribe village leaders in order to get
paperwork or other things done” (38% of men), respectively. The remaining two items that
women most frequently selected “completely disagree” reflected those related to personal
involvement or participation in activities organised by community structures and perceived
individual-level behavioural control over contribution to collective or group goal attainment: “I
participate in voting and community meetings or other community activities like that in the
village” (61% of women), “I have the capacity to build this village into a developed place” (48%
of women).
Preliminary CFA results
Fit statistics of the initial baseline (i.e., models with no post hoc adjustments) and refined
models (i.e., models with post hoc adjustments) identified via preliminary CFA of the initial
hypothesised CE framework are displayed in Table S3. The non-refined, initial baseline model
indicated moderately acceptable absolute fit, but poor incremental or relative fit (χ2:df=3.984;
RMSEA=0.041, 90% CI: 0.040, 0.043; CFI=0.826; TLI=0.809). These findings suggest that while
the initial hypothesised CE framework was plausible, another model may provide a better fit.
We moved forward with post hoc model refinements to eliminate non-salient and nonsignificant factor loadings as well as any factors with insufficient component saturation. This
resulted in the elimination of seven items. Five items were eliminated for non-salient factor
loadings

(OWNWELF=-0.092,

RESTRSER=0.202,

CRIMECON=-0.218,

BRIBELDR=-0.226,

SAFEATHO=0.298), and two items were eliminated because they had both a non-salient and
non-significant loading on their designated factors (CHEATS=-0.011, p=0.838; DIFPROBS=0.033,
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p=0.446). After eliminating items that were non-significant and non-salient, one factor (social
disorder) remained with only one item, which is not sufficient for component saturation. That
factor was therefore eliminated along with the remaining item, which otherwise demonstrated
a salient and significant loading (HARMONY=0.704, p<0.001). The standardised estimates of the
remaining factor loadings in the model were acceptable (Table S3). The refined preliminary CFA
model of the hypothesised CE framework did not demonstrate adequate absolute or
incremental model fit (χ2:df=5.386; RMSEA=0.050, 90% CI: 0.048, 0.053; CFI=0.859; TLI=0.841).
These results suggest that the initial hypothesised CE framework did not represent a plausible
structure of the mechanisms through which the CE process operates amongst men and women
in the rural Odisha context. We therefore moved on to perform EFA and CFA of the EFA-derived
factor solution.
EFA and CFA of EFA-derived model results
Scale development and validation samples
Partitioning the data resulted in a split-half EFA sample of 867 observations, and a split-half CFA
sample of 867 observations. The participant to item ratio was slightly over 24:1, which was more
than sufficient according to standard guidance [37, 41, 50].
Factor extraction
Six factors were extracted during final EFA. The last factor extracted had an eigenvalue of 1.207;
the first factor not retained had an eigenvalue of 1.039. While the first factor not retained had
a value above the renowned 1.0 threshold (i.e., Kaiser-Guttman rule [eigenvalue > 1.0], Kaiser
1960), the retention of that factor was not warranted by strong substantive or statistical
justification. Including that factor merely because its eigenvalue was slightly greater than 1.0
would go against our pre-analysis plan, which indicated that factor extraction decision rules
would be based on heuristic and model fit criteria as well as other important theoretical and
empirical considerations (e.g., results from cognitive interviews, pilot testing of the CE
instrument and other prior theoretical and empirical evidence) [24, 37, 44]. The decision not to
include such factors is supported by literature that indicates the Kaiser-Guttman rule tends to
result in overfactoring or underfactoring because sampling error may influence eigenvalues [24,
51, 52].
EFA-derived factor solutions
Factors and items indicated by the EFA-derived factor solutions are presented in Table S4.
Complete EFA results reflect coefficients from both rotated (Promax) pattern and structure
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matrices along with initial and refined CFA results. While not all factor loadings demonstrated
in Table S4 are in the range of excellent to very good, we hypothesise that some of those items
are conceptually more distal (i.e., marginally less important) to the measurement of their
respective latent factors. Further details regarding the measurement model is presented below.
EFA results revealed a six-factor CE measurement model with good model fit (χ2:df=1.476;
RMSEA=0.023, RMSR=0.041). During the EFA analyses, we eliminated seven items, in a stepwise manner, via subsequent model runs: four items were eliminated because they had no
salient loadings on any factor (i.e., the following were “bad variables”: ACTCBGP, HAPPYNEI,
SIMHOPES, RESTRSER); three items (HLPCRPDZ, LOSTCOW, COMPRSLV) were eliminated
because they were complex variables (i.e., they loaded to more than one factor), yet had little
substantive justification for supporting those cross-loadings; and one item (OWNWELF) was
eliminated because although its pattern coefficient (i.e., factor loading) was salient, its structure
coefficient was not salient. This item reduction process resulted in a 28-item, six factor CE
measurement model.
This EFA-derived CE measurement model reflected items that tapped to the following six
factors, which can be described as reflecting the following dimensions of CE: social response,
social disorder, agency, village leadership, social networks, and social attachment
(belonging/place identity). These six factors can be conceived as corresponding to four
domains: behavioural control, informal social control, structural and cognitive social capital, and
social cohesion.
Factors one and two pertained to the informal social control domain, though factor one also
tapped to concepts related to cognitive social capital (e.g., trust in village members). Factor one,
labelled “social response” included four items that tapped to villagers’ willingness to intervene
when delinquent behaviour is observed and their propensity to address sub-village-level issues
(i.e., engage in conflict-resolution), a sense of harmony or lack thereof in the village, and
perceived trust in village members. Social response factor loadings ranged from 0.056-0.389
Factor two, labelled “social disorder” included four items that tap to concepts related to
perceived presence of incivility or delinquent behaviour and deceitful individuals, intolerance,
and corruption in the village. Factor loadings for this factor ranged from 0.645-0.500
Factor three, labelled “agency” corresponded to the behavioural control domain. On EFA, the
factor contained four items that tap to individual and collective behavioural control, including
perceived individual-level behavioural control regarding one’s own ability to contribute to
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collective goal attainment. The factor also included an item that tapped to the responsiveness
of one’s supporting network for individual-level problem solving specific to child caregiving
responsibilities. Factor loadings for this factor ranged from 0.956-0.393.
Factor four, labelled “village leadership”, corresponded to the structural social capital domain,
though also tapped to aspects of cognitive social capital (e.g., trust, reciprocity) and social
cohesion (e.g., social justice and equity). The factor included seven items that tap to various
aspects of formal and informal village leadership, including trust in and level of support, activity
of leaders; presence of informal leaders; equal distribution of resources, and decision-making
that is pleasing for most villagers; similar collective morals; and individual contribution to
collective goals, such as the development of the village. Factor loadings for this factor ranged
from 0.966-0.301.
Factor five, labelled “social networks”, pertained to the cognitive social capital domain. This
factor contained two items that tapped to the availability and reciprocity of support networks
for individual-level problem solving. Constituent items had factor loadings ranging from 0.8730.667.
Factor six, labelled “social attachment”, represented the social cohesion domain. This factor
contained four items that tapped to the strength of social bonds and social acceptance within
the village, place identity and sense of belonging to the village, and pride in being a member of
the village. Social attachment factor loadings ranged from 0.987-0.820.
CFA results and post hoc model refinements of the EFA-derived CE measurement model
CFA was conducted on the 28 items tapping to six factors, as indicated by the EFA-derived factor
solution. The initial, baseline run of CFA with no post hoc refinements demonstrated good
model fit according to both absolute and incremental fit statistics (χ2:df=2.127; RMSEA=0.036,
90% CI: 0.032, 0.040; CFI=0.921; TLI=0.911). Post hoc model refinements consisted of the
elimination of SAFEATHO, the only item that with a non-salient loading on CFA (factor
loading=0.235). The factor loadings for the resulting 27-item, six factor solution were
acceptable (Table S4). With this one modification, the refined CFA model validated the majority
of the EFA-derived factor structure, and demonstrated good absolute and incremental model
fit (χ2:df=2.215; RMSEA=0.037, 90% CI: 0.034, 0.041; CFI=0.923; TLI=0.912). Over half of the
items (56%, 15 of 27) in the refined 27-item, six item factor solution demonstrated very good
to excellent factor loadings (i.e., loadings > 0.630) on a single factor, with another 19% (5 of 27)
of the factors demonstrating good factor loadings (i.e., loadings between 0.550-0.629). These
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results suggest that the refined CE scale with post hoc adjustments demonstrated good
construct validity for measuring CE in the rural Odisha context.
Comparison of hypothesised vs. empirically-derived factor solutions
Fit statistics from the preliminary CFA of our initial hypothesised CE framework and the CFA of
the EFA-derived factor solution suggest that slight revisions that were substantively justified
resulted in a CE measurement model that demonstrated good construct validity in the rural
Odisha context (Tables S2 and S3).
MIMIC model results
The baseline MIMIC model with latent variables regressed on respondent gender and
leadership covariates, but no direct effects between item indicators demonstrated good model
fit (χ2:df=2.123; RMSEA=0.036, 90% CI: 0.032, 0.040; CFI=0.916; TLI=0.903) (Table S5 and
Baseline MIMIC Model 2 in Table S6). Upon examination of the modification indices from the
baseline MIMIC model with latent factors regressed on respondent gender and leadership
status, three items demonstrated modification indices above 3.84. The PARTCBGP indicator had
the highest, albeit relative low modification index (31.465) on gender. This finding indicated
that there was DIF between men and women. We believed there was justification for men and
women having different levels of participation in village-based groups. We therefore added a
direct path between PARTCBGP and gender, and re-ran the model.
On the model iteration with the direct path between PARTCBGP and gender, both
unstandardized B and standardised β were salient (i.e., 0.781 and 0.695, respectively). These
findings indicated that men scored PARTCBGP, on average, 0.7 units higher than women. This
refined model fit the data well (χ2:df=2.040; RMSEA=0.035, 90% CI: 0.031, 0.038; CFI=0.922;
TLI=0.910), and DIFFTEST statistics indicated that model fit improved with the inclusion of this
direct effects parameter. When examining the modification indices for this model, we noted
that BORMONEY had a modification index above 3.85 on leadership status, and SELFEFF had a
modification index above 3.85 on gender. We therefore fit a direct path between BORMONEY
and leadership status, and both unstandardized B and standardised β were salient (i.e., -0.747,
and -0.744, respectively). This indicated that individuals with leadership status scored
BORMONEY -0.7 units lower than individuals with leadership status. We also moved forward
with re-running the model after fitting a direct path between SELFEFF and gender, however,
both unstandardized B and standardised β were just above the threshold for salient (i.e., 0.316
and 0.301, respectively), and relatively little was gained from adding this parameter (Δχ2 [df]
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15). Therefore, the final MIMIC model reflects the model with latent variables regressed on
gender and leadership status, and direct paths between PARTCBGP and gender, and
BORMONEY and leadership (i.e., model 2b in Table S6).
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Table S2. Administered collective efficacy tool, India
Domain

Factor

Social
disorder
Informal
social
control

Item

HARMONY
CHEATS
CRIMECON
SAFEATHO*
INTERCRI
COMPRSLV

Social
response

SLVDISPU
HLPCRPDZ
HAPPYNEI*
COMTRUST
CLOSE
LOSTCOW
BORMONEY

Social
capital
Social
cohesion

Social
equity

NEICAREG
UNOFLDRS

Survey item (i.e., prompt)

Most of the people in this village stay in peace and harmony with each other.
In this village, you have to be careful otherwise someone may cheat you.
In this village, often crimes and violence occur.
When I am at home alone, I feel safe from crimes and violence.
If the people of this village see crime like activities then they will stop it.
When there is a village problem, people come together and share their opinions on how it should be
solved.
If there is a big fight between two persons, other people from the village will help in solving the fight.
If there were a problem that affected the entire village, for instance crop disease, people in this village
would help each other.
I feel happy for my neighbour if they get some new work.
People in this village can be trusted.
I live in closeness with the village and its people.
If a neighbour loses a cow or buffalo, someone in the village would return it to them.
If you suddenly need some money, nearly to run a family expenditure for a week, then you could borrow
from someone in your village who is not a money lender.
If you suddenly had to go away for a day or two, you could count on your neighbours to take care of your
children.
There are people in this village who are unofficial leaders, in other words, people who care about their
neighbours and speak out for them.

ACTLDR2‡

Village leaders do many things for this village.

TRUSTLDR

Village leaders can be trusted.

HAVEFRND*

In this village, I have such friends with whom I can share my problems.

COME4HLP*

My friends or my neighbours sometimes come to me with their problems for help.

COMMGDEC

When the village committee makes decisions they are pleasing and good for most of the households.

BRIBELDR
DISTCRIS
CONTRDEV

Sometimes people need to bribe village leaders in order to get paperwork or things done.
During a crisis situation, such as crop failure, government services are distributed equally to all households
in need.
The people of this village will contribute time OR money for the village development.
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Hypothesised facets tapped

Sense of harmony within the village
Perceived presence of deceitful people
Perceived presence of incivility, delinquent acts
Feeling of safety while at home
Willingness to intervene
Group problem-solving, conflict-resolution
Villager's propensity to address sub-village-level
issues; conflict-resolution
Community's propensity to address village-wide
issues; conflict-resolution
Vicarious affective feelings - happiness
Perceived trust in village members
Strength of social bonds within village
Perceived responsiveness of social networks,
expectations that help will be given to/received by
others when in need, individuals cooperating to
support one another for either one-sided or
mutual gain§
Perceived presence of individuals demonstrating
attributes of leadership
Supportiveness of the leaders of exogenous village
structures
Perceived social trust in village leaders
Availability of support networks for individuallevel problem-solving
Reciprocity of individual-level problem-solving
Social equity prioritised during village decisionmaking processes
Corruption amongst village leaders
Equal distribution of exogenous resources during
crises
Common moral principles & codes of behaviour
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RESTRSER
SIMHOPES
SIMBLIEF
DIFPROBS
ACCEPT
PROUD*
IDENTITY*

Here people only think about their own family’s development or welfare, and they do not think about
village’s development.
Some households are restricted from the government services available in the village.
Most people in this village have similar hopes about their future.
Most people in this village have similar beliefs on what is right and what is wrong.
Differences between people, such as wealth and caste, often cause problems in this village.
I feel accepted as a member of this village.
I feel proud to be part of this village.
Being a member of this village is part of my identity or how I identify myself.

SELFEFF*

I have the capacity to control my future.

OWNWELF

Common
values
Social
attachment

Behavioural
control

Agency

SEDEV*

I have the capacity to build this village into a developed place.

COLLEFF

People in this village have the ability to come together and make a positive change.

ACTCBGP*†

I am an active member of at least one community organization such as a self-help group.

PARTCBGP*†

I participate in voting and community meetings or other community activities like that in the village.

Commitment to village development, goal
attainment
Social injustice, restrictions to resources
Common hopes for village goal attainment
Collective morals
Tolerance
Social acceptance within the village
Pride in being a member of the village
Place identity, sense of belonging
Perceived individual-level behavioural control
over personal goal attainment
Perceived individual-level behavioural control
over contribution to village goal attainment
Perceived village-level behavioural control;
capacity and autonomy control beliefs
Personal associational membership/participation,
endogenous village structures
Personal involvement/participation in activities
organised by endogenous village structures

Notes. Indicated sub-constructs reflect those conceptualised via our initial hypothesised collective efficacy framework. Items presented in italicised text reflect hypothesised inverse relationship between the items and CE. Given the various
conceptualisations of these latent constructs, substantive justification existed for the re-conceptualisation articulated in our EFA-derived factor structures. * self-referent item prompts about the respondent's own sense of self, agency,
autonomy, and level of engagement within his/her village; all other items reflect group-referent items prompts about ecological aspects of the respondent's village; † items that refer to endogenous village structures (e.g., villageinitiated/organised community associations) - local endogenous structures used as examples, but should be adapted to the given local context; ‡ items that refer to exogenous village structures (e.g., government or NGO-initiated/organised
village associations) - local exogenous structures used as examples, but should be adapted to the given context; § measured through different scenarios reflecting different levels of urgency/need
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Table S3. Factor loadings from preliminary CFA of initial hypothesised CE framework, India

Factors and associated items
Factor 1: Agency (average factor loading on final CFA = 0.626)
People in this village have the ability to come together and make a positive change.
I have the capacity to build this village into a developed place.
I have the capacity to control my future.
I participate in voting and community meetings or other community activities like that in the village.
I am an active member of at least one community organization such as a self-help group.
Factor 2: Common values (average factor loading on final CFA = 0.608)
Most people in this village have similar hopes about their future.
Most people in this village have similar beliefs on what is right and what is wrong.
Differences between people, such as wealth and caste, often cause problems in this village.
Factor 3: Social capital (average factor loading on final CFA = 0.626)
I live in closeness with the village and its people.
Village leaders can be trusted.
Village leaders do many things for this village.
In this village, I have such friends with whom I can share my problems.
My friends or my neighbours sometimes come to me with their problems for help.
People in this village can be trusted.
There are people in this village who are unofficial leaders, in other words, people who care about their neighbours and speak out for them.
If you suddenly had to go away for a day or two, you could count on your neighbours to take care of your children.
If you suddenly need some money, nearly to run a family expenditure for a week, then you could borrow from someone in your village
who is not a money lender.
If a neighbour loses a cow or buffalo, someone in the village would return it to them.
Factor 4: Social equity (average factor loading on final CFA = 0.602)
When the village committee makes decisions they are pleasing and good for most of the households.
The people of this village will contribute time OR money for the village development.
During a crisis situation, such as crop failure, government services are distributed equally to all households in need.
Sometimes people need to bribe village leaders in order to get paperwork or other things done.
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Item

Initial
preliminary
CFA
(N = 1,734)

Refined†
preliminary
CFA
(N = 1,734)

COLLEFF
SEDEV
SELFEFF
PARTCBGP
ACTCBGP

0.783*
0.735*
0.612*
0.585*
0.413*

0.780*
0.742*
0.614*
0.578*
0.416*

SIMHOPES
SIMBLIEF
DIFPROBS

0.644*
0.580*
0.033

0.643*
0.572*
-

CLOSE
TRUSTLDR
ACTLDR2
HAVEFRND
COME4HLP
COMTRUST
UNOFLDRS
NEICAREG

0.814*
0.793*
0.755*
0.655*
0.643*
0.629*
0.553*
0.524*

0.822*
0.798*
0.759*
0.659*
0.646*
0.611*
0.550*
0.526*

BORMONEY
LOSTCOW

0.451*
0.448*

0.452*
0.437*

COMMGDEC
CONTRDEV
DISTCRIS
BRIBELDR

0.667*
0.654*
0.517*
-0.224*

0.657*
0.642*
0.508*
-
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Some households are restricted from the government services available in the village.
Here people only think about their own family’s development or welfare, and they do not think about village’s development.
Factor 5: Social attachment (average factor loading on final CFA = 0.847)
I feel proud to be part of this village.
I feel accepted as a member of this village.
Being a member of this village is part of my identity or how I identify myself.
Factor 6: Social response (average factor loading on final CFA = 0.654)
When there is a village problem, people come together and share their opinions on how it should be solved.
If there is a big fight between two persons, other people from the village will help in solving the fight.
If there were a problem that affected the entire village, for instance crop disease, people in this village would help each other.
If the people of this village see crime like activities then they will stop it.
I feel happy for my neighbour if they get some new work.
Factor 7: Social disorder
Most of the people in this village stay in peace and harmony with each other.
When I am at home alone, I feel safe from crimes and violence.
In this village, often crimes and violence occur.
In this village, you have to be careful otherwise someone may cheat you.
Model fit statistics
χ2:df
RMSEA (90% CI)
CFI
TLI

RESTRSER
OWNWELF

0.200*
-0.091*

-

PROUD
ACCEPT
IDENTITY

0.967*
0.826*
0.750*

0.968*
0.828*
0.746*

COMPRSLV
SLVDISPU
HLPCRPDZ
INTERCRI
HAPPYNEI

0.770*
0.704*
0.682*
0.566*
0.551*

0.778*
0.698*
0.685*
0.565*
0.542*

HARMONY
SAFEATHO
CRIMECON
CHEATS

0.737*
0.297*
-0.228*
-0.011

-

3.984
0.041

5.386
0.050

(0.040-0.043)

(0.048-0.053)

0.826
0.809

0.859
0.841

Notes. Matrix: Polychoric correlations; Estimation method: WLSMV with sandwich estimator to adjust for non-independence of observations within 90 village clusters; Extraction: Combination of Kaiser-Guttman
rule (i.e., eigenvalue > 1.0), scree test, goodness-of-fit indices, and substantive justification grounded in theoretical and empirical evidence; Rotation: Promax. * p ≤ 0.05; † Refined CFA reflects post hoc model
adjustments, such as item reduction due to non-salient (loadings < 0.300) or non-significant (two-tailed p > 0.05) factor loadings. RMSEA=Root mean square error of approximation; RMSR=Root mean square
residual; CFI=Comparative fit index; TLI=Tucker-Lewis index
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Table S4. Factor loadings for random split-half samples for EFA and CFA of EFA-derived factor solutions, India

Factors and associated items

Item

Factor 1: Social response (average factor loading = 0.593 ; average structure coefficient = 0.627 ; average factor loading on refined CFA = 0.691)
If the people of this village see crime like activities then they will stop it.
INTERCRI
If there is a big fight between two persons, other people from the village will help in solving the fight.
SLVDISPU
Most of the people in this village stay in peace and harmony with each other.
HARMONY
When I am at home alone, I feel safe from crimes and violence.
SAFEATHO
People in this village can be trusted.
COMTRUST
Factor 2: Social disorder (average factor loading = 0.585 ; average structure coefficient = 0.584 ; average factor loading on refined CFA = 0.480)
In this village, often crimes and violence occur.
CRIMECON
Sometimes people need to bribe village leaders in order to get paperwork or other things done.
BRIBELDR
Differences between people, such as wealth and caste, often cause problems in this village.
DIFPROBS
In this village, you have to be careful otherwise someone may cheat you.
CHEATS
Factor 3: Agency (average factor loading = 0.641 ; average structure coefficient = 0.660 ; average factor loading on refined CFA = 0.641)
I have the capacity to build this village into a developed place.
SEDEV
I have the capacity to control my future.
SELFEFF
People in this village have the ability to come together and make a positive change.
COLLEFF
I participate in voting and community meetings or other community activities like that in the village.
PARTCBGP
I am an active member of at least one community organization such as a self-help group.
NEICAREG
Factor 4: Village leadership (average factor loading = 0.558 ; average structure coefficient = 0.599 ; average factor loading on refined CFA = 0.606)
Village leaders can be trusted.
TRUSTLDR
Village leaders do many things for this village.
ACTLDR2
The people of this village will contribute time OR money for the village development.
CONTRDEV
During a crisis situation, such as crop failure, government services are distributed equally to all households in need.
DISTCRIS
When the village committee makes decisions they are pleasing and good for most of the households.
COMMGDEC
There are people in this village who are unofficial leaders, in other words, people who care about their neighbours and speak out for them.
UNOFLDRS
Most people in this village have similar beliefs on what is right and what is wrong.
SIMBLIEF
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Final EFA Factor
pattern
coefficient
(n1 = 867)

Final EFA Factor
structure
coefficient
(n1 = 867)

Baseline
CFA
(n2 = 867)

Refined
CFA†
(n2 = 867)

0.856
0.754
0.518
0.450
0.389

0.762
0.777
0.630
0.385
0.582

0.655*
0.728*
0.617*
0.235*
0.764*

0.651*
0.730*
0.616*
0.766*

0.645
0.629
0.564
0.500

0.648
0.636
0.547
0.504

0.754*
0.329*
0.394*
0.448*

0.758*
0.332*
0.390*
0.441*

0.956
0.783
0.568
0.506
0.393

0.835
0.670
0.654
0.570
0.569

0.698*
0.610*
0.760*
0.495*
0.642*

0.699*
0.609*
0.759*
0.496*
0.642*

0.966
0.916
0.520
0.514
0.454
0.404
0.385

0.883
0.836
0.590
0.531
0.571
0.530
0.439

0.865*
0.807*
0.595*
0.519*
0.663*
0.567*
0.404*

0.865*
0.808*
0.595*
0.519*
0.661*
0.565*
0.405*
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If you suddenly need some money, nearly to run a family expenditure for a week, then you could borrow from someone in your village
BORMONEY
who is not a money lender.
Factor 5: Social networks (average factor loading = 0.770 ; average structure coefficient = 0.842 ; average factor loading on refined CFA = 0.893)
In this village, I have such friends with whom I can share my problems.
HAVEFRND
My friends or my neighbours sometimes come to me with their problems for help.
COME4HLP
Factor 6: Social attachment (average factor loading = 0.882 ; average structure coefficient = 0.887 ; average factor loading on refined CFA = 0.868)
I live in closeness with the village and its people.
CLOSE
I feel proud to be part of this village.
PROUD
I feel accepted as a member of this village.
ACCEPT
Being a member of this village is part of my identity or how I identify myself.
IDENTITY
Model fit statistics
χ2:df
RMSEA
90% CI
RMSR
CFI
TLI

0.301

0.410

0.433*

0.431*

0.873
0.667

0.922
0.762

0.905*
0.881*

0.905*
0.881*

0.987
0.873
0.849
0.820

0.963
0.893
0.853
0.837

0.963*
0.917*
0.841*
0.752*

0.963*
0.917*
0.841*
0.750*

2.127
0.036

2.215
0.037

(0.032-0.040)

(0.034, 0.041)

N/A
0.921
0.911

N/A
0.923
0.912

1.476
0.023
N/A
0.041
N/A
N/A

Notes. Matrix: Polychoric correlations; Estimation method: WLSMV with sandwich estimator to adjust for non-independence of observations within 90 village clusters; Extraction: Combination of Kaiser-Guttman rule (i.e., eigenvalue > 1.0),
scree test, goodness-of-fit indices, and substantive justification grounded in theoretical and empirical evidence; Rotation: Promax. * p ≤ 0.05; † Refined CFA reflects post hoc model adjustments, such as item reduction due to non-salient
(loadings < 0.300) or non-significant (two-tailed p > 0.05) factor loadings. RMSEA=Root mean square error of approximation; RMSR=Root mean square residual; CFI=Comparative fit index; TLI=Tucker-Lewis index
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Table S5. Factor loadings and fit indices for baseline and final MIMIC, and final CFA (with MIMIC refinement) models, India

Factors and associated items

Item

Factor 1: Social response (average final MIMIC model factor loading = 0.695 ; average final CFA model with MIMIC model deletions = 0.691)
If the people of this village see crime like activities then they will stop it.
INTERCRI
If there is a big fight between two persons, other people from the village will help in solving the fight.
SLVDISPU
Most of the people in this village stay in peace and harmony with each other.
HARMONY
People in this village can be trusted.
COMTRUST
Factor 2: Social disorder (average final MIMIC model factor loading = 0.484 ; average final CFA model with MIMIC model deletions = 0.481)
In this village, often crimes and violence occur.
CRIMECON
Sometimes people need to bribe village leaders in order to get paperwork or other things done.
BRIBELDR
Differences between people, such as wealth and caste, often cause problems in this village.
DIFPROBS
In this village, you have to be careful otherwise someone may cheat you.
CHEATS
Factor 3: Agency (average final MIMIC model factor loading = 0.618 ; average final CFA model with MIMIC model deletions = 0.677)
I have the capacity to build this village into a developed place.
SEDEV
I have the capacity to control my future.
SELFEFF
People in this village have the ability to come together and make a positive change.
COLLEFF
I participate in voting and community meetings or other community activities like that in the village.
PARTCBGP
I am an active member of at least one community organization such as a self-help group.
NEICAREG
Factor 4: Village leadership (average final MIMIC model factor loading = 0.609 ; average final CFA model with MIMIC model deletions = 0.633)
Village leaders can be trusted.
TRUSTLDR
Village leaders do many things for this village.
ACTLDR2
The people of this village will contribute time OR money for the village development.
CONTRDEV
During a crisis situation, such as crop failure, government services are distributed equally to all households in need.
DISTCRIS
When the village committee makes decisions they are pleasing and good for most of the households.
COMMGDEC
There are people in this village who are unofficial leaders, in other words, people who care about their neighbours and speak out
for them.
UNOFLDRS
Most people in this village have similar beliefs on what is right and what is wrong.
SIMBLIEF
If you suddenly need some money, nearly to run a family expenditure for a week, then you could borrow from someone in your
village who is not a money lender.
BORMONEY
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Baseline
MIMIC
model
(n2=867)

Final
MIMIC
model†
(n2=867)

0.657*
0.733*
0.627*
0.761*

0.658*
0.733*
0.627*
0.760*

0.658*
0.730*
0.614*
0.763*

0.736*
0.322*
0.415*
0.464*

0.736*
0.322*
0.415*
0.464*

0.754*
0.333*
0.387*
0.449*

0.656*
0.604*
0.760*
0.500*
0.645*

0.684*
0.597*
0.765*
0.402*
0.642*

0.693*
0.607*
0.776*
0.630*

0.870*
0.819*
0.601*
0.523*
0.655*

0.870*
0.819*
0.601*
0.523*
0.656*

0.872*
0.816*
0.590*
0.517*
0.660*

0.554*
0.402*

0.554*
0.403*

0.562*
0.417*

0.444*

0.448*

-

Final
CFA model‡
(n2 = 867)
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Factor 5: Social networks (average final MIMIC model factor loading = 0.895; average final CFA model with MIMIC model deletions = 0.893)
In this village, I have such friends with whom I can share my problems.
HAVEFRND
My friends or my neighbours sometimes come to me with their problems for help.
COME4HLP
Factor 6: Social attachment (average final MIMIC model factor loading = 0.873 ; average final CFA model with MIMIC model deletions = 0.881)
I live in closeness with the village and its people.
CLOSE
I feel proud to be part of this village.
PROUD
I feel accepted as a member of this village.
ACCEPT
Being a member of this village is part of my identity or how I identify myself.
IDENTITY
Model fit statistics
χ2:df
RMSEA (90% CI)
90% CI
CFI
TLI

0.899*
0.890*

0.899*
0.890*

0.905*
0.881*

0.961*
0.918*
0.855*
0.757*

0.961*
0.918*
0.855*
0.757*

0.964*
0.917*
0.893*
0.751*

2.123
0.036

2.032
0.034

2.379
0.040

(0.032-0.040)

(0.031-0.038)

(0.036-0.044)

0.916
0.903

0.923
0.911

0.924
0.913

Notes. Matrix: Polychoric correlations; Estimation method: WLSMV with sandwich estimator to adjust for non-independence of observations within 90 village clusters; Extraction: Combination of Kaiser-Guttman
rule (i.e., eigenvalue > 1.0), scree test, goodness-of-fit indices, and substantive justification grounded in theoretical and empirical evidence; Rotation: Promax. * p ≤ 0.05; † Refined CFA reflects post hoc model
adjustments, such as item reduction due to non-salient (loadings < 0.300) or non-significant (two-tailed p > 0.05) factor loadings. RMSEA=Root mean square error of approximation; RMSR=Root mean square residual;
CFI=Comparative fit index; TLI=Tucker-Lewis index. †Final MIMIC model reflects refined, parsimonious CE measurement model with latent variables regressed on gender & leadership status plus the inclusion of a
direct path between PARTCBGP and gender, and BORMONEY and leadership status; ‡ Final CFA model reflects refined, parsimonious CE measurement model with PARTCBGP and BORMONEY deleted due to DIF.
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Table S6. Competing MIMIC models: Fit statistics, unstandardised Β estimates, standard errors, and standardised β estimates, India
Model

n

χ2 (df)

Δ χ2
(df)

867

2.165

N/A

867

2.077

56*

867

2.067

14*

867

2.123

N/A

867

2.040

57*

867

2.032

15*

867

2.023

14*

MIMIC models with gender covariate only

Baseline MIMIC model 1
i.e., CE measurement model with ALL latent factors regressed on gender, no direct effects
Refined Model 1a
i.e., ALL latent factors regressed on gender) + direct path between PARTCBGP item indicator and gender
Refined Model 1b
i.e., ALL latent factors regressed on gender + direct path between PARTCBGP, gender AND between SELFEFF, gender

RMSEA
(90% CI)
0.037

(0.033-0.040)

0.035

(0.032-0.039)

0.035

(0.031-0.039)

CFI

TFI

Β

S.E.

β

0.919

0.907

-

-

-

0.926

0.914

0.768*

0.099

0.685*

0.926

0.915

0.313*

0.083

0.300*

0.916

0.903

-

-

-

0.922

0.910

0.781*

0.099

0.695*

0.923

0.911

-0.747*

0.195

-0.744*

0.924

0.912

0.316*

0.086

0.301*

MIMIC models with gender and leadership status covariates

More saturated Baseline MIMIC Model 2
i.e., model with ALL latent factors regressed on gender AND leadership, no direct effects between covariates & items
Refined Model 2a
i.e., direct path between PARTCBGP and gender
Refined Model 2b
i.e., Model 2a with direct path between BORMONEY and leadership status
Refined Model 2c
i.e., Model 2b with direct path between SELFEFF and gender

0.036

(0.032-0.040)

0.035

(0.031-0.038)

0.034

(0.031-0.038)

0.034

(0.031-0.038)

MIMIC models with gender, leadership status, and years respondent lived in village covariates

More saturated Baseline MIMIC Model 3
0.035
866
2.082
N/A
0.914
0.900
(0.032-0.039)
i.e., model with ALL latent factors regressed on gender, leadership, AND years respondent lived in village
Notes. Matrix: Polychoric correlations; Estimation method: WLSMV with sandwich estimator to adjust for non-independence of observations within village clusters; Δ χ2 assessed via DIFFTEST; Β: unstandardised estimate;
S.E. = standard error; β: standardised estimate; * p ≤ 0.001, though χ2 statistics are sensitive to sample size, therefore, DIFFTEST statistics are likely to be significant with large samples. Baseline MIMIC model regressed
latent variables on gender and leadership status; additional direct effect paths between gender and leadership covariates incorporated in subsequent models via step-wise forward selection based on the magnitude of the
item indicator's modification index.
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Table S7. Univariate descriptive statistics: Frequency of responses, by CE respondent gender
CE item
HARMONY

CHEATS

CRIMECON

SAFEATHO

INTERCRI

Aggregate

Item response

Women

N = 1,734
nW = 1,123
Most of the people in this village stay in peace and harmony with each other.
Completely disagree
86
4.96%
59
5.25%
Mildly/partially disagree
15
0.87%
14
1.25%
Neither agree nor disagree
49
2.83%
37
3.29%
Mildly/partially agree
284
16.38%
197
17.54%
Completely agree
1300
74.97%
816
72.66%
TOTAL
1734 100.00%
1123 100.00%
In this village, you have to be careful otherwise someone may cheat you.
Completely disagree
247
14.24%
158
14.07%
Mildly/partially disagree
30
1.73%
21
1.87%
Neither agree nor disagree
30
1.73%
20
1.78%
Mildly/partially agree
204
11.76%
140
12.47%
Completely agree
1223
70.53%
784
69.81%
TOTAL
1734 100.00%
1123 100.00%
In this village, often crimes and violence occur.
Completely disagree
603
34.78%
352
31.34%
Mildly/partially disagree
42
2.42%
26
2.32%
Neither agree nor disagree
70
4.04%
45
4.01%
Mildly/partially agree
393
22.66%
264
23.51%
Completely agree
626
36.10%
436
38.82%
TOTAL
1734 100.00%
1123 100.00%
When I am at home alone, I feel safe from crimes and violence.
Completely disagree
202
11.65%
154
13.71%
Mildly/partially disagree
14
0.81%
10
0.89%
Neither agree nor disagree
34
1.96%
25
2.23%
Mildly/partially agree
131
7.55%
93
8.28%
Completely agree
1353
78.03%
841
74.89%
TOTAL
1734 100.00%
1123 100.00%
If the people of this village see crime like activities then they will stop it.
Completely disagree
214
12.34%
161
14.34%
Mildly/partially disagree
23
1.33%
17
1.51%
Neither agree nor disagree
40
2.31%
30
2.67%
Mildly/partially agree
180
10.38%
120
10.69%
Completely agree
1277
73.64%
795
70.79%
TOTAL
1734 100.00%
1123 100.00%
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Men

nM = 611
27
1
12
87
484
611

4.42%
0.16%
1.96%
14.24%
79.21%
100.00%

89
9
10
64
439
611

14.57%
1.47%
1.64%
10.47%
71.85%
100.00%

251
16
25
129
190
611

41.08%
2.62%
4.09%
21.11%
31.10%
100.00%

48
4
9
38
512
611

7.86%
0.65%
1.47%
6.22%
83.80%
100.00%

53
6
10
60
482
611

8.67%
0.98%
1.64%
9.82%
78.89%
100.00%
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SLVDISPU

HLPCRPDZ

CONTRDEV

DIFPROBS

HAPPYNEI

If there is a big fight between two persons, other people from the village will help in solving the fight.
Completely disagree
146
8.42%
116
10.33%
30
4.91%
Mildly/partially disagree
14
0.81%
10
0.89%
4
0.65%
Neither agree nor disagree
17
0.98%
13
1.16%
4
0.65%
Mildly/partially agree
110
6.34%
76
6.77%
34
5.56%
Completely agree
1447
83.45%
908
80.85%
539
88.22%
TOTAL
1734 100.00%
1123 100.00%
611 100.00%
If there were a problem that affected the entire village, for instance crop disease, people
would help each other.
Completely disagree
261
15.05%
193
17.19%
68
11.13%
Mildly/partially disagree
30
1.73%
24
2.14%
6
0.98%
Neither agree nor disagree
58
3.34%
51
4.54%
7
1.15%
Mildly/partially agree
212
12.23%
139
12.38%
73
11.95%
Completely agree
1173
67.65%
716
63.76%
457
74.80%
TOTAL
1734 100.00%
1123 100.00%
611 100.00%
The people of this village will contribute time OR money for the village development.
Completely disagree
286
16.49%
175
15.58%
111
18.17%
Mildly/partially disagree
29
1.67%
24
2.14%
5
0.82%
Neither agree nor disagree
104
6.00%
82
7.30%
22
3.60%
Mildly/partially agree
233
13.44%
154
13.71%
79
12.93%
Completely agree
1082
62.40%
688
61.26%
394
64.48%
TOTAL
1734 100.00%
1123 100.00%
611 100.00%
Differences between people, such as wealth and caste, often cause problems in this village.
Completely disagree
687
39.62%
414
36.87%
273
44.68%
Mildly/partially disagree
39
2.25%
33
2.94%
6
0.98%
Neither agree nor disagree
84
4.84%
69
6.14%
15
2.45%
Mildly/partially agree
295
17.01%
186
16.56%
109
17.84%
Completely agree
629
36.27%
421
37.49%
208
34.04%
TOTAL
1734 100.00%
1123 100.00%
611 100.00%
I feel happy for my neighbour if they get some new work.
Completely disagree
62
3.58%
47
4.19%
15
2.45%
Mildly/partially disagree
10
0.58%
9
0.80%
1
0.16%
Neither agree nor disagree
24
1.38%
18
1.60%
6
0.98%
Mildly/partially agree
94
5.42%
69
6.14%
25
4.09%
Completely agree
1544
89.04%
980
87.27%
564
92.31%
TOTAL
1734 100.00%
1123 100.00%
611 100.00%
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COMTRUST

OWNWELF

LOSTCOW

BORMONEY

People in this village can be trusted.
Completely disagree
307
17.70%
243
21.64%
64
10.47%
Mildly/partially disagree
36
2.08%
27
2.40%
9
1.47%
Neither agree nor disagree
66
3.81%
52
4.63%
14
2.29%
Mildly/partially agree
413
23.82%
274
24.40%
139
22.75%
Completely agree
912
52.60%
527
46.93%
385
63.01%
TOTAL
1734 100.00%
1123 100.00%
611 100.00%
Here people only think about their own family’s development or welfare, and they do not
think about village’s development.
Completely disagree
369
21.28%
235
20.93%
134
21.93%
Mildly/partially disagree
65
3.75%
41
3.65%
24
3.93%
Neither agree nor disagree
106
6.11%
76
6.77%
30
4.91%
Mildly/partially agree
318
18.34%
197
17.54%
121
19.80%
Completely agree
876
50.52%
574
51.11%
302
49.43%
TOTAL
1734 100.00%
1123 100.00%
611 100.00%
If a neighbour loses a cow or buffalo, someone in the village would return it to them.
Completely disagree
105
6.06%
80
7.12%
25
4.09%
Mildly/partially disagree
11
0.63%
9
0.80%
2
0.33%
Neither agree nor disagree
43
2.48%
34
3.03%
9
1.47%
Mildly/partially agree
73
4.21%
53
4.72%
20
3.27%
Completely agree
1502
86.62%
947
84.33%
555
90.83%
TOTAL
1734 100.00%
1123 100.00%
611 100.00%
If you suddenly need some money, nearly to run a family expenditure for a week, then you could
borrow from someone in your village who is not a money lender.
Completely disagree
260
14.99%
179
15.94%
81
13.26%
Mildly/partially disagree
5
0.29%
4
0.36%
1
0.16%
Neither agree nor disagree
13
0.75%
9
0.80%
4
0.65%
Mildly/partially agree
135
7.79%
82
7.30%
53
8.67%
Completely agree
1321
76.18%
849
75.60%
472
77.25%
TOTAL
1734 100.00%
1123 100.00%
611 100.00%
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EPILOGUE

Chapter 6: Discussion and reflections

6.1 Chapter overview
Prior chapters of this thesis have provided an overview of common social constructs and examined
how the unique attributes of each can and should be considered for incorporation in the design,
targeting, and evaluation of community-based interventions predicated on collective action.
Information was provided on how these constructs represent interpersonal factors of collective
behaviour and behaviour change, and how collective efficacy remains under-utilised in the WASH
sector, and public health and development practice more broadly.
In order to demonstrate the utility of collective efficacy in informing intervention content and
implementation approaches, targeting of intervention activities, and diagnostic evaluation of
community-based interventions, work from two separate WASH evaluations was presented. Under
the auspices of these studies, context-specific CE scales were developed, and construct validity was
examined. One CE scale was then employed to demonstrate how the CE scales may be used
to examine associations between CE-related factors and the uptake of improved WASH facilities
coverage and utilisation, and downstream nutritional outcomes amongst children aged less than
five years. This chapter will synthesise findings from the thesis and reflect on their contribution to
the existing knowledge base, the limitations of this body of work, and what could have been done
to improve the research.

6.2 Discussion of key research findings
This thesis sought to examine characteristics of the various social constructs commonly identified
as theoretically-grounded and evidence-based predictors of cooperative behavior and collective
action. Findings from this thesis can be used to inform future considerations related to the
incorporation of these constructs in the design, targeting, and evaluation of community-based
interventions. Enhancing the incorporation of social constructs in general, and collective efficacy in
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particular may serve to elucidate and address persistent shortcomings in behaviour change
interventions, and may help explain why health and development gains related to some
interventions have been lower than expected [1-3].
6.2.1 Social constructs conceptualisations, theoretical underpinnings, and attributes
Findings from Research Paper 1 highlight the unique contributions of various social constructs.
While each of the constructs examined provides its own important contributions, these findings
suggest that efficacy-related constructs allow for examinations of factors known to predict
cooperative behaviour above and beyond those provided by social capital and social cohesion
constructs alone. This is important and relevant to note given the volume of work that has focused
exclusively on examinations of social capital as the interpersonal factor influencing the uptake and
effectiveness of community-based interventions, particularly in the WASH sector [4-6]. In
assessments of social capital, proponents of the construct indicate that their findings suggest that
social capital may be “necessary but insufficient” for development programmes, in general [7], but
especially “for improving access to water and sanitation in marginalised communities” [5].
Efficacy assessments provide information related to perceived capability and autonomy to pursue
common goals/tasks, motivational factors related to goal/task setting, performance during pursuit
thereof, and the amount of effort and persistence that will be exerted in pursuit of the goal/task.
This information demonstrates the construct’s utility, and provides justification for its inclusion in
community-based interventions predicated on collective action.
6.2.2 Collective efficacy scale development and validation: Findings from two contexts
This thesis presents findings from two separate investigations of CE in Ethiopia and India. These
studies reflect an iterative approach to the development of context-specific CE tools. As a result of
the desire to contextualise the scales, each study generated distinct CE factor solutions. The
Ethiopia study was designed to allow a more thorough examination of gender-specific mechanisms
through which CE operates amongst men and women in rural Ethiopia. This was deemed necessary
and important given the results of the CE work would be used to inform the design of the content
and implementation strategies employed in the intervention we were designing to be evaluated via
the RCT.
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Findings from the exploratory analyses performed on both Ethiopian and Indian datasets suggest
that CE is a complex, multi-dimensional social construct. Both studies produced a six-factor CE
measurement model. While the total number of factors and items reflected in these scales are
similar, the underlying structures (number and nature of items) differed, as did the number of subconstruct domains to which the factors and related items tapped. The parsimonious CE scale
developed in Ethiopia represented a 26-item, six-factor measurement model that tapped to four
CE sub-construct domains. The CE scale developed in India represented a 25-item, six-factor
measurement model that tapped to five CE sub-construct domains.
6.2.2.1 Which collective efficacy factors seem to transcend contexts
Several domains, factors, and related items appear to transcend contexts. While I will reflect on
commonalities arising from the two investigations carried out in the context of this thesis, the small
number of studies (n=2) should be noted. Future work on collective efficacy being carried out
elsewhere can provide further evidence that can expand available evidence.
The parsimonious Ethiopia and India CE measurement models shared several CE domains – both
structures had factors that tapped to social cohesion, informal social control, and cognitive and
socio-structural social capital. In addition to these domains, the India CE structure had one factor –
agency – that tapped to the behavioural control domain. Four of the six factors in both Ethiopia and
India models were also shared. CE-factors related to social response, social networks, social
attachment, and leadership appear to transcend at least the rural Amhara, Ethiopia and rural
Odisha, India contexts. It is worth noting, however, that the nature of these factors differed slightly
in each context (e.g., the social networks factor in Ethiopia also reflected aspects of personal agency,
thereby indicating that personal agency was derived from perceptions regarding one’s social
networks). Seven items (i.e., facets) emerged from both CE measurement models as well. These
include: SLVDISPU, COMTRUST (i.e., social response items); UNOFLDRS, ACTLDR2 (i.e., leadership
items); ACCEPT, IDENTITY (i.e., social attachment items); and COME4HLP (i.e., social networks item).
The considerable proportion of overlap in construct domains (80% of the India CE domains, 100%
of the Ethiopia CE domains) and factors (66% of factors in both CE measurement models) suggests
that the CE survey is measuring the same construct in Ethiopia and India. These findings also
indicate that the higher level sub-constructs are consistent.
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6.2.2.2 How do these findings corroborate existing evidence
The findings presented in this thesis corroborate findings from other investigations of CE, though
our measurement models suggest more comprehensive alternatives compared to previous
theoretical, empirical, and psychometric examinations. Other psychometric examinations of CE
support our inclusion of belonging (i.e., social attachment), association (i.e., associational
participation), and social disorder [8, 9]. Our findings suggest that social cohesion and informal
social control domains proposed by authors of these prior examinations are important for the
measure of CE, but do not necessarily manifest as factors themselves [9]. Similarly, aspects of
activism and informedness, two factors suggested by one study [8] may not have presented as
factors in our models, but these concepts were represented by specific items included in the
Ethiopia and India CE measurement models.
With regard to specific factors emerging from the CE measurement models and associations
between CE and uptake of improved WASH practices, leadership emerged as a particularly
important CE-related factor. This finding is supported by existing literature, which suggests that
leaders can serve as catalysts to initiate new practices in the community. Other studies suggest that
involving community opinion leaders can make an intervention more effective, and community
leadership may play a role in ensuring the sustainability of collective management of sanitation [6].
It was interesting to note that reciprocity of one’s networks with regard to caregiving was included
in agency-related factors in both Ethiopia and India CE measurement models. While this finding
makes sense anecdotally, it is also supported by other evidence, as indicated in the “household
production of health” [10], and the idea that time allocation factors limit an individual’s available
time to practice some behaviours [11]. This may be particularly true of behaviours that contribute
toward a collective goal as opposed to an individual goal.
In the India CE measurement model and application thereof, social disorder proved to be an
important CE-related factor. This was not the case in Ethiopia. However, it is worth noting the
history of caste-based intolerance and political economy of India when considering these findings.
Social disorder has been noted to be a factor related to CE and social capital in other examinations
of social constructs. In a study investigating violent crime in urban Chicago, Illinois, USA [9], and
water access in rural Usoma Kenya [5], social cohesion and social disorder were implicated as
important factors related to collective efficacy and collective action, respectively.
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Findings from this thesis align with the findings from a predictive model of communication for water
treatment and safe water storage and a related literature review of the social, cultural, and
behavior correlates [12]. In that work, community leadership for collective action, social cohesion,
community action and resources (e.g., social ogranisations), goal-setting, and collective efficacy and
control are indicated as community factors that may play a significant role in the adoption of new
behaviours. The authors of the work reflect on findings from their literature review regarding how
contextual factors such as gender roles and gender equity in mobility, decision-making, and access
to resources and services may influence household behaviours [12].

6.3 Contribution of key thesis findings to the advancement of public health and
development practice
In many sectors, including but not limited to WASH, community-based programmes that target
higher-order groups (e.g., households, villages, health centres, government ministries) often
inadequately address factors of collective behaviour in their intervention design and
implementation strategies [13]. Efficacy-related factors are likely important to consider and
incorporate into community-based programmes, as they represent proximal factors of intentions
and behaviour, according to the Theory of Triadic Influence [14]. The studies carried out under the
auspices of this thesis research contribute to existing knowledge regarding the underlying structure
of CE. Elucidating factors related to CE and examining their constituent sub-constructs is important
to consider for the design of intervention content and development of implementation strategies.
This work also contributes to the development of a metric that can be used in community-based
health and development programmes, to inform intervention design, identify communities ready
for programmatic targeting, and diagnose factors related to intervention effectiveness. Materials
(i.e., survey tools, CE scales) produced as a result of this body of work contribute to the pool of
knowledge and tools available to examine and address interpersonal factors that may affect the
uptake and effectiveness of community-based interventions that target collective behaviours.
6.3.1 Informing intervention content
Failing to acknowledge and address factors related to CE as part of community-based intervention
approaches may be problematic for the uptake of such interventions. The collective efficacy scales
and larger surveys presented in this thesis can be adapted and deployed to help inform intelligent
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intervention design (i.e., the design of evidence-based interventions addressing context-specific
barriers to the sustainable adoption of improved behaviours through the employment of
appropriate intervention techniques). The data generated from these instruments can be used to
inform various aspects of intervention content, from its goals or motto to the motives and
intervention techniques that the intervention will leverage to bring about and sustain change. Such
tools fill a gap in terms of the number and nature of instruments available for quantitative
assessments of proximal interpersonal behavioural factors.
In order to maximise the collective power of a group and enhance innate perceptions regarding its
ability and autonomy to come together to pursue a communal goal, motivational aspects should be
incorporated into a community-based programme from its outset. A programme’s goal or motto,
and accompanying messaging should leverage motives important to the group, and serve to
enhance

collective

efficacy

perceptions

(e.g., Together

we

can

make

develop

our

community, Together we can make a change). The collective efficacy scales, and larger surveys
presented in this thesis can be adapted and deployed to obtain pre-intervention assessments of
collective efficacy and other related social constructs. Resulting data can help determine the
magnitude of innate CE a community or group maintains, and pinpoint specific factors contributing
to low collective efficacy perceptions. These data can be leveraged to conduct formal behavioural
diagnostic

examinations and

intervention

mapping.

Such design

measures

can

help ensure interventions are evidence-based, and employ techniques specifically devised to
address context-specific barriers to improved practices and collective behaviours. The specific
intervention techniques incorporated in the intervention should reflect those that have
demonstrated success in addressing attributes related to the interpersonal behavioural factors
targeted by the programme, as outlined in existing literature [15]. For instance, to address beliefs
about efficacy judgements, intervention techniques such as verbal persuasion, mastery experiences,
and vicarious reinforcement can be used. Similarly, goal setting, action planning, performance
monitoring, problem solving/coping planning, and behavioural contracts can be incorporated in an
intervention to address motivation and behavioural regulation [16, 17].
6.3.2 Enhancing implementation approaches
Findings from the gender-specific investigations of CE in India, and more thorough examinations in
Ethiopia indicate that there are differentials in behavioural control, efficacy, and agency
perceptions amongst men and women. Factors contributing to these differentials are well cited in
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the literature [18, 19], and align with complementary findings emerging from our data (e.g., lower
perceptions with regard to availability and demonstrated reciprocity of social networks;
social bonds, their own social acceptance and sense of belonging; participation in community
structures compared to men). The CE surveys and scales presented in this thesis can be employed
by others in a similar manner to examine whether there are disparities in CE perceptions amongst
certain sub-groups that should be leveraged to enhance implementation approaches. These
disparities should be acknowledged and addressed not only in the design of intervention content,
but also the implementation strategies employed by community-based interventions.
In situations in which the social inclusion of women in formal and informal community structures is
limited, programmes can consider the incorporation of specific intervention activities that could
create opportunities for women to become more engaged (e.g., establishment or enhancement of
women’s groups, with representation within broader community associations). Such interventions
can present opportunities for women to socialise with peers, move outside of the home, and
become exposed to more information, ideas, and social network contacts. These opportunities can
minimise negative implications on women’s social network perceptions when their sanitation and
hygiene practices are restricted to the household setting.
Perceptions regarding one’s social networks as a facilitator of efficacy perceptions was an important
finding of this thesis research. The role of social support networks should be considered and
mainstreamed within in the design and implementation strategies for community-based
programmes predicated on cooperative behaviour and collective action. Such sentiments have
been articulated in examinations of social capital, where it was noted that enhancement of these
networks is often a missing component of community-based programmes, yet is necessary to
facilitate collective action capital [5].
6.3.3 Improving targeting of participant communities, change agents, and programme
participants
The scales and surveys generated by this thesis are also well suited for improving targeting of
participant communities, change agents, and programme participants. The CE instruments can be
adapted and incorporated into rapid community appraisals during the pre-intervention planning
phase of a programme or project. Data generated from these assessments can be used to identify
communities ready for change (i.e., those with high in innate CE relative to other communities – in
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other words, those with innately strong positive perceptions about their ability and autonomy to
catalyse and sustain change in their communities).
Results from this thesis research suggest that gender-specific disparities in behavioural control and
agency perceptions exist. The CE scales presented herein can be used to determine whether these
findings hold in other contexts. If such disparities exist, they should be considered when identifying
appropriate intervention delivery modalities (i.e., change agents) and mechanisms (i.e., the
structures and techniques through which interventions are delivered). In other words, young
women with external loci of control (i.e., those who do not believe they have control over their
lived experiences, their behaviours cannot change their lots in life) may not be the most
appropriate agents to incite change amongst their peers, adolescent boys, and adult men. Similarly,
individual and household-level counselling visits may reflect more suitable intervention delivery
options than those presented by community-based associations or organisations in which women
are not well represented.
While the findings presented in this thesis highlight behavioural control disparities between men
and women, and, in some cases, leaders and non-leaders, there may be other marginalised subgroups that should be considered when targeting programme participants. For instance, in India,
some castes and other categories of people (e.g., those practising minority religions) may be
marginalised. According to social control theory, this may mean that they feel “uninvolved with,
uncommitted to, or alienated from conventional society” [20]. In turn, they may not internalise
conventional values or standards for conventional behaviour. This is an issue that needs to be
addressed in order to improve uptake of WASH facilities coverage and utilisation amongst these
groups.
6.3.4 Diagnosing intervention effectiveness
The CE scales generated by this thesis offer new tools for the examination of interpersonal
behavioural factors operating at group and community levels. These tools can be used to conduct
diagnostic investigations into the role CE factors play in the uptake of community-based
interventions and their impacts on health and development. They also facilitate the generation of
evidence related to factors falling along the causal chain, which may explain why biologically
plausible health gains are not being achieved by WASH interventions, as expected [1-3]. When
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experimental study designs are used, these CE tools can be used to examine causal associations
between CE and community-based interventions.

6.4 Strengths and limitations of the thesis research
6.4.1 Strengths
The scale development approach employed during these CE studies was a strength in that it
reflected a mixed-methodological process that leveraged findings from social, behaviour, and
behaviour change theory and empirical testing thereof, and included cognitive validations of both
instruments. I actively reflected on qualitative data from cognitive interviews (India and Ethiopia)
and focus group discussions (Ethiopia), and other theoretical and empirical evidence to make
evidence-based, substantively justified modelling decisions. That said, our own qualitative evidence
aside, there is a dearth of existing theoretical and empirical evidence on collective efficacy in low
literacy and resource poor settings such as those in which this thesis research was conducted. The
resulting CE measurement models derived through this approach therefore reflect rigorously
derived models that were grounded in theory and evidence-based.
6.4.2 Limitations
This thesis research had several procedural and analytical limitations. Perhaps the biggest limitation
of this body of work was the limited inclusion of indicators related to certain motivational
components of CE in the India and Ethiopia surveys, and in turn, CE scales. Items that would allow
for an examination of facets such as perceptions related to autonomy and controllability [21], past
performance attainment, vicarious experiences, goal setting/pursuit and efficacy expectations [22,
23] were not included to the extent they could have been. This was due, in large part, to field
realities (i.e., the need to strike a balance between survey content and length to ensure data quality
and stay within budget). From the outset of this work, an indirect approach that considered CE
perceptions in the context of related interpersonal factors, such as social capital, cohesion, and
control was taken to measure CE appraisals via multi-dimensional factor structures. This came at
the cost of more direct measures of specific efficacy-related facets.
The size of our women sub-sample in Ethiopia may have been a limitation. While gender-specific
split-half sub-samples met common sample size guidelines, our sample size-dependent model fit

229

statistics (e.g., χ2 p-value) indicated the sample sizes may have only been borderline sufficient for a
factor structure as complex as those related to our CE measurement models.
With regard to component saturation, one of the items in the India CE measurement model, social
networks, only contained two items. This was considered sufficient given the nature of the items
and the magnitude of their factor loadings (each was high, and greater than 0.800). Other structural
equation models examining similar social constructs generated by experts in the field of factor
analytics have included factors with a similar number of items [24], so justification exists for this
decision, particularly when the items demonstrate such high factor scores.
More generally, when compared to the Ethiopia model, and gold-standard guidelines for factor
loadings (independently, and on average across all items in tapping to the factor), the India CE
measurement model did not perform as well (i.e., factor loadings, while salient, were lower;
absolute and comparative model fit statistics, though acceptable, were lower). This may have been
an artefact of the shorter, less comprehensive CE survey that was administered in India (36 survey
prompts compared to 50 survey prompts administered in Ethiopia). Had these extra items been
included in the India survey, the resulting measurement model may have been different. That said,
India provided a learning opportunity, and lesson learnt from that study were applied to the
Ethiopia CE study. The study team was also provided more time and a larger budget to conduct the
CE formative work, which included information generated from focus group discussions (not
included in the India work). It is not uncommon, however, in scale development and refinement for
subsequent iterations of a scale to build off of previous iterations.
The study design permitted in the examination of the relationship between CE and the uptake and
influence of the Gram Vikas programme was a limitation. Given no pre-intervention CE (or related
construct) measures were obtained prior to programme implementation, as a result, the post-only
cross-sectional study design did not allow for investigation of causal relationships between CE and
intervention effectiveness or directionality thereof. In other words, I was unable to determine
innate CE perceptions prior to the intervention, or ascertain whether CE perceptions were
enhanced via MANTRA. Future investigations using experimental study designs should be carried
out in order to examine causal association and facilitate path analyses. This work is planned at the
conclusion of the Andilaye trial (Ethiopia) in summer of 2019.
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6.5 Reflections on what could have been done to improve the research
Several modifications could have improved this research. First, the administration of a
more comprehensive tool, especially in the early (India) investigation would have afforded
insights into other possible survey items and potential CE factors. A tool that included
prompts probing further into specific motivational concepts (e.g., past group performance
attainment, goal setting, vicarious community-based WASH programme successes in
nearby villages, confidence in the group’s ability to achieve its goals) may have enhanced
these CE investigations, and could have influenced the results of the psychometric
assessments in both India and Ethiopia. However, g iven this investigation into CE was only one
of numerous areas of inquiry for our larger experimental studies, we were also limited with regard
to survey length (i.e., timing of administration). As a result, and because we did not want to lean
too heavily on one existing theory over others, the conceptual saturation of our CE surveys may
have been limited to a certain extent.
While collective efficacy was the focus of this thesis, a concerted effort was made to consider
various levels of motivational concepts (e.g., behavioural control, efficacy, agency). This effort was
reflected in the hypothesised CE frameworks that considered behaviour control as a CE domain,
with dimensions and facets related to individual and collective agency and efficacy perceptions.
However, I could have done a better job of ensuring that CE survey prompts explored the nuances
between these concepts. The primary barriers to moving forward in this manner were
linguistic/translation limitations and comprehension amongst respondents with little to no formal
education who were not used to responding to surveys using Likert-type responses. For example,
several survey prompts that were developed for the India and Ethiopia studies were dropped
because either: 1) there was no local word to reflect the nuances between statements that tapped
to similar, yet theoretically different concepts, 2) some questions that were appropriately
translated were not well understood by respondents during cognitive interventions and survey
piloting. Further formative investigations into survey prompts that examine various concepts
related to these motivational factors should be prioritised in future CE investigations.
Some of the WASH indicators employed in the evaluation of the Gram Vikas MANTRA intervention
did not reflect recent learning in the sector. For example, while sanitation practices were captured
on all individuals within study households, the major indicator used to assess these practices
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inquired about usual place of defecation. Findings from validations of respondent-reported
measures suggest that not only is this metric not precise, it is also less accurate, compared with
sensor-recorded latrine use, than metrics that inquire about defecation practices during the 48hours prior to survey administration [25]. It is possible that the limitations of these metrics could
have influenced the results of the findings presented in Research Paper 3. Using WASH metrics that
are more precise, which evidence suggests are more accurate, could have improved this research.
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Chapter 7: Conclusions and implications
7.1

Conclusions and recommendations for research and practice

The overarching goal of this doctoral research was to produce evidence-based
recommendations to strengthen community-based programmes. As a result, the findings
reflected in this thesis highlight implications for the design, targeting, and evaluation of
community-based programme interventions, particularly those that are predicated on
collective action. Recommendations for utilisation of the CE survey and scales produced by this
thesis are presented in the discussion sections of Research Papers 2 and 3, and Supplemental
Material provided in Research Paper 2. Further reflection regarding the implications of this
thesis research on public health and development practice are presented in Chapter 6.
In summary:


Assessments of collective efficacy can provide important information related to
motivational factors influencing communal goal setting as well as the amount of effort
and resolve that will be expended in pursuit of those goals.



Organisations and researchers implementing community-based interventions,
particularly those dependent on collective action, can adapt and employ the CE scales
provided herein to:
o

Conduct rapid community appraisals or situation assessments during the
programme planning phase. Doing so will allow for the capture of data for
decision-making regarding the targeting of participant communities.
Communities with high collective efficacy perceptions relative to other
communities are more likely to set and pursue communal goals in line with
public health and development programmes, including the adoption of
improved behaviours;

o

Inform intervention content, implementation techniques and strategies that
align with and address the specific barriers to and facilitators of cooperative
behaviour and collective action in those particular communities; and

o

Perform diagnostic evaluations related to the effectiveness of communitybased interventions, including articulations of the pathways of change.



While this thesis focused on WASH interventions, the CE instruments developed herein
were specifically designed such that they were not domain-specific, so they would be
applicable for integrated programmes. In other words, these tools are applicable for
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targeting, designing, and evaluating any community-based intervention predicated on
collective action.
o

If domain, programme, or goal-specific investigations are desirable, the CE
instruments can be tailored for those purposes.

o

It is worth noting that there is a need to evaluate face validity of CE prompts
via cognitive interviews and locally adapt scale items prior to the deployment
of the CE tool. Assessing face validity of any item in a survey instrument is
essential for the generation of high quality data, and represents good research
practice, so this step should not pose undue burden to implementers interested
in performing rigorous programme targeting, design, or evaluation.



Although more complicated factor score calculation procedures were carried out to
produce weighted factors scores in Research Papers 2 and 3, more simplistic factor
score averages were generated in Research Paper 2 as well. This was done in order to
demonstrate the ability of the CE scales to be used in that manner, and to present nonweighted results that can be used in comparative analyses.

Future research into collective efficacy should:


Investigate and pinpoint appropriate item indicators to assess motivational concepts
that were not thoroughly explored in the India and Ethiopia work.



Include casual modelling and path analyses to determine causal attribution, test
remaining hypotheses, and identify change pathways leading to collective action.
o

Related analyses are planned for Andilaye trial data. The ex-ante study design
will allow for causal attribution and hypothesis testing regarding the proposed
bi-directional relationship between collective efficacy and intervention
effectiveness.

o

Similar investigations across the WASH, public health, and development sectors
are recommended in order to provide additional data that can be used to
ascertain which factors transcend contexts, and for further refinement of CE
scales.

7.2

Final remarks

Collective efficacy is an underutilised social construct and interpersonal factor of cooperative
behaviour and collective action. Findings from this thesis indicate that CE is a complex, multidimensional construct. While the full 50-item CE survey and reduced Ethiopia (parsimonious
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and gender-specific) and India CE scales are readily available for local adaptation and
contextualisation, cognitive validation and vetting of survey items is essential to ensure high
quality data. As with any rigorous evaluation, quantitative results produced through the
administration of the CE scales should be accompanied by complementary qualitative
examinations that serve to aid in the interpretation of quantitative results and the substantive
justification of model decisions.
It is recognised that CE perceptions are generated from inferential processes, and that the
factors affecting CE may differ substantially across contexts, as related sub-constructs are
largely informed by context-specific political economies and social schemas. As such,
adaptation of CE surveys for context-specific examinations of CE are recommended, when
possible.
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ABSTRACT
Introduction: Government efforts to address massive
shortfalls in rural water and sanitation in India have
centred on construction of community water sources
and toilets for selected households. However,
deficiencies with water quality and quantity at the
household level and community coverage and actual
use of toilets have led Gram Vikas, a local nongovernmental organization in Odisha, India, to develop
an approach that provides household-level piped water
connections contingent on full community-level toilet
coverage.
Methods: This matched cohort study was designed to
assess the effectiveness of a combined piped water
and sanitation intervention. Households with children
<5 years in 45 randomly selected intervention villages
and 45 matched control villages will be followed over
17 months. The primary outcome is prevalence of
diarrhoeal diseases; secondary health outcomes
include soil-transmitted helminth infection, nutritional
status, seroconversion to enteric pathogens, urogenital
infections and environmental enteric dysfunction. In
addition, intervention effects on sanitation and water
coverage, access and use, environmental fecal
contamination, women’s empowerment, as well as
collective efficacy, and intervention cost and costeffectiveness will be assessed.
Ethics and dissemination: The study protocol has
been reviewed and approved by the ethics boards of
the London School of Hygiene and Tropical Medicine,
UK and KIIT University, Bhubaneswar, India. Findings
will be disseminated via peer-reviewed literature and
presentation to stakeholders, government officials,
implementers and researchers.
Trial registration number: NCT02441699.
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INTRODUCTION
Of the one billion people practicing open
defecation worldwide, over half of them live

Strengths and limitations of this study
▪ The study assesses a combined household-level
piped water and sanitation intervention that
requires complete community-level compliance.
▪ The intervention was not randomly allocated;
but, controls are selected through a restriction
process to limit possible partial exposure to the
intervention through spill over, and matched to
intervention villages using preintervention data.
▪ The study uses a holistic definition of health to
assess intervention impacts on physical, mental
and social well-being, including more novel outcomes such as seroconversion to enteric pathogens, environmental enteric dysfunction and
sanitation insecurity. It also assesses intervention coverage, cost-effectiveness and collective
efficacy.
▪ The time lapse between intervention completion
and the beginning of the evaluation process prevents baseline comparison or assessment of
immediate intervention impacts. However, it
allows for a biologically plausible length of time
for die-off of even the most persistent pathogens
in the environment and provides time for children to have been born into this environment.

in India.1 While international and national
pressure on improving sanitation conditions
in India has led to over 350 000 people
gaining access to improved toilets since 1990,
it has barely kept up with population
growth.1 2 Recent studies show that even in
areas with access to household-level
improved sanitation, use of these toilets is
low.3–5 This may be due in part to a mismatch between the culturally acceptable
pour-ﬂush toilets and the level of water
access. Coverage of improved water sources,
usually community-level pumps or taps, is
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relatively high even in rural areas in India, but it may
not be sufﬁcient for ﬂushing purposes on top of other
daily water needs.1 6
Although the effectiveness of water, sanitation and
hygiene (WASH) interventions vary, meta-analyses have
found that individual or combined WASH interventions
decrease diarrhoeal disease prevalence by up to 48%.7–11
While combined interventions would be expected to
have a greater inﬂuence on multiple exposure pathways
and thus a greater combined impact on health, there is
limited evidence of additive beneﬁts.12 This may be due
to poor uptake, inconsistent use or an incomplete
understanding of relevant pathways.8–10 In India, combining water and sanitation interventions may be more
critical than just interrupting multiple transmission pathways for enteric infection; evidence suggests that
household-level water access is integral to the use of
improved sanitation in this context.13
While the intent of improved sanitation facilities is to
separate human feces from human contact, most of the
focus is on constructing household toilets to increase
improved sanitation coverage—the primary metric used
in monitoring progress towards international targets.
However, studies in India have further shown that toilet
construction does not translate into toilet use in this
context.5 14–16 Moreover, with the interdependence
between members of households and households within
communities, safe water and sanitation is a communitylevel issue. There is growing emphasis on assessing
health risk from poor water and sanitation conditions
not simply due to individual or even household-level
risk factors, but also from conditions in the community
environment.17 There is evidence that even households
without toilets, and households which do not ﬁlter
drinking water, showed decreased health risk if they
live in communities with high levels of coverage and
use.18–20
Moreover, the effectiveness of community interventions may be higher in communities with positive perceptions of their collective ability to come together to
improve their conditions. Collective efﬁcacy (CE), a
latent construct comprised the structural and cognitive
components that facilitate a community’s shared belief
in its ability to come together and execute actions
related to a common goal, may explain some variance in
intervention effectiveness across communities receiving
WASH interventions.21
A main risk of poor WASH conditions is enteric infection, caused by a diverse array of bacteria, viruses, protozoa and parasites, including soil-transmitted helminths.
These infections may cause diarrhoea, the second
leading cause of mortality for children <5 years worldwide and in India, a leading cause of mortality regardless of age.22 23 There is also growing evidence that
asymptomatic enteric infections may pose a similar risk,
with repeat enteric infections contributing to chronic
malnutrition, environmental enteric dysfunction (EED),
poor cognitive outcomes and poor vaccine uptake.24–29
2

Poor WASH conditions are also linked to increased risk
of respiratory infection, the leading cause of mortality
for children <5 years worldwide.22 30 31 Poor water and
sanitation access can also affect the social, physical and
mental well-being of women, acting through pathways
ranging from unsafe menstrual hygiene management
practices and increased risk of violence.32–34
Description of the intervention
Over the past few decades, there has been a global
commitment to determine water and sanitation interventions with demonstrated effectiveness, not just efﬁcacy.35
Gram Vikas, a non-governmental organisation based in
Odisha, India (http://www.gramvikas.org/), has responded
by implementing its MANTRA (Movement and Action
Network for Transformation of Rural Areas) water and
sanitation programme in more than 1000 villages since
2002.36 This approach includes household-level piped
water connections and community-level mobilisation for
culturally appropriate household toilets. A previous interrupted time series analysis of the MANTRA intervention
reported it to be protective against diarrhoeal diseases.37
However, in addition to limitations of design, this study
relied on outcome data collected and reported by Gram
Vikas, the intervention implementer, and did not assess
intervention coverage or impacts on environmental fecal
contamination.
The MANTRA water and sanitation intervention is
rolled out in a three-phase process over an average of
3 years. During the ﬁrst, or Motivational, phase (∼8–12
months), representatives of Gram Vikas visit the identiﬁed village several times to assess village interest and
progress towards a set of Gram Vikas requirements,
including: (1) the commitment of every household to
participate, (2) creation of a village corpus fund from
contributions from every household and (3) development of village guidelines for maintenance and use of
facilities.
Once this set of requirements is achieved, the village
progresses into the second, or Operational, phase of the
intervention (∼17–35 months). Each household constructs a pour-ﬂush toilet with two soak-pits and a separate bathing room. The households hire a local, skilled
mason and provide their own unskilled labour and
locally available materials to complete the superstructure. Gram Vikas provides external materials such as
PVC pipes and porcelain pans. At the same time, a water
tank, community meeting space and piped water distribution system connected to every household, with taps
in the toilet and bathing rooms and a separate tap in
the kitchen, is constructed through a similar collaborative process.
All households must construct a toilet and bathing
room for the village to progress into the ﬁnal, or completed, phase of the intervention, in which the water
system is turned on. Notably, this three-phase process
only allows each household access to piped water once
every household in the village has a toilet and bathing
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room. This model contrasts with most previous water
and sanitation interventions, including those implemented under India’s Total Sanitation Campaign and
other government programmes, which do not require
community-level sanitation compliance and do not
provide a piped water supply at the household level.38
Study aims
The primary objective of this study is to evaluate the
effectiveness of the combined household-level water
supply and sanitation intervention, as implemented by
Gram Vikas in Odisha, India. Towards that objective, this
study aims to:
1. Assess the effectiveness of the intervention in improving water and sanitation infrastructure coverage,
access, and use, and to assess fecal sludge management practices in intervention communities.
2. Assess the effectiveness of the intervention in reducing environmental fecal contamination.
3. Assess the effectiveness of the intervention in improving health. This includes reported diarrhoeal disease

in children <5 years ( primary outcome), acute
respiratory infection, infection with soil-transmitted
helminthes, nutritional status, EED, seroconversion
for selected enteric pathogens and urogenital diseases associated with menstrual hygiene management
practices. Mental and social well-being will be
explored through assessment of sanitation insecurity
and women’s empowerment.
4. Assess the cost and cost-effectiveness of the
intervention.
5. Develop and assess a theoretically grounded, empirically informed CE scale and determine the effect of
CE on intervention effectiveness.
METHODS
Setting
The study is located in Ganjam and Gajapati districts in
eastern Odisha, India (ﬁgure 1). These two contiguous
districts were a single district until 1992. Over 44% of
the population in these districts is recognised by the
Government of India as being below the poverty line

Figure 1 Study sites in Ganjam and Gajapati districts, Odisha, India, with intervention villages in black and control villages in
white. Inset shows location of districts in India.
Reese H, et al. BMJ Open 2017;7:e012719. doi:10.1136/bmjopen-2016-012719
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(BPL).39 As of 2008, a majority of households in both
districts had access to an improved, likely communitylevel, drinking water source, with over 23% of households in Ganjam having access to any sanitation facility,
compared to only 8% of households in Gajapati.39 The
area is primarily rural and agrarian, and the climate is
characterised by a monsoon season from June to
September, with an average rainfall of ∼1400 mm/year.
Study design
This study uses a matched cohort design to assess the
effectiveness of a completed intervention with data collected across four study rounds from June 2015 to
October 2016 (ﬁgure 2). Data were collected in all study
rounds for diarrhoea, acute respiratory infection, nutritional status and stored and source water outcomes to
assess seasonality. Data were collected in rounds 2 and 4
for EED, seroconversion, and hand-rinses, and crosssectionally in one or more rounds for the remaining
outcomes. As described below, control villages were
matched to randomly selected intervention villages
through a multistep restriction, genetic matching and
exclusion process using the following eligibility criteria.
Eligibility criteria for villages
Restriction
Intervention villages were randomly selected from a list
of Gram Vikas villages in Ganjam and Gajapati districts
provided by the non-governmental organization (NGO),
after restriction to villages with a Motivation phase start
date between 2002 and 2006 and a Construction phase
start date no earlier than 2003. Since the intervention
process takes on average 3 years, the criteria for the
Motivation start date helped to identify those villages

with ongoing interventions at the same time. In addition, this allowed the use of the Government of India
Census 2001 and the BPL Survey 2002 data to characterise baseline characteristics used in the matching process
in intervention and control villages.
Eligible control villages include all villages without a
Gram Vikas intervention within the study districts which:
(1) are not within the same Gram Panchayat (a political
subdivision with some administrative responsibility for
water and sanitation comprised several villages) as a
Gram Vikas village, or bordering a Gram Vikas village,
and (2) had not received a Motivation visit from the
Gram Vikas NGO. These criteria serve to limit the possibility of previous partial exposure to the intervention
through spill over from adjacent villages or direct
contact with the NGO. These criteria also increase the
strength of the comparison provided by the control villages, that is, it increases the likelihood that if they had
received a motivation visit from Gram Vikas, the control
villages would have been equally as likely as the intervention villages to demand the intervention.
In addition, to be eligible for inclusion intervention
and control villages must (1) appear in the Government
of India Census 2001 and the BPL Survey 2002, (2) have
a population of at least 20 households and (3) be within
∼3 hours travel from the study ofﬁce in Brahmapur,
Ganjam District. This last criterion is due to logistical
constraints.
Matching
After restriction, genetic matching was used to match
potential control villages to the randomly selected intervention villages without replacement.5 40 41 Villages were
exact matched on district to limit any political or

Figure 2 Restriction, matching and exclusion process for selection of intervention and control villages (1), and timeline for study
rounds and outcome data collection (2).
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no signiﬁcant differences between the intervention and
control groups (table 1).

large-scale geographic variation between district populations and were also matched on preintervention demographic, socioeconomic, sanitation and water access
characteristics listed in table 1.5 These village-level
matching variables were selected due to their theorised
association with the primary outcome, diarrhoeal diseases, as well as data availability.

Eligibility criteria for households
Households within selected intervention and control villages were eligible if they had at least one child <5 years
at the time of enrolment, veriﬁed with birth or immunisation card and expected to reside in the village for the
duration of the study. If there were more than 40 eligible
households within a village, only 40 were randomly
selected to be enrolled. Informed consent was obtained
from the male and/or female head of the selected
households. All children <5 years within each enrolled
household were eligible and do not age-out over the
course of the study. Households with newborn children
were enrolled as they became eligible on an ongoing
basis throughout the study, in villages with <40 enrolled
households.

Exclusion
The ﬁeld team visited matched potential control villages
and intervention villages to assess suitability for the study
through a rapid assessment interview with village leadership and to ensure accessibility. Villages were excluded if
they are not within 3 hours travel of the ﬁeld ofﬁce in
Brahmapur, had sustained major infrastructure damage
due to a natural disaster, or if there was a current or
planned sanitation or water intervention by an organisation external to the village in the next 12 months as
determined through the rapid assessment interview with
village leadership. In addition, villages were excluded if
there were fewer than three households with children
<5 years old. As villages were removed from the pool of
prospective control villages, the matching process was
repeated for all intervention villages and remaining eligible control villages, and balance measures were
assessed. The matching and exclusion processes were
repeated as necessary.
After the iterative matching and exclusion process was
complete, covariate balance was assessed for all matching variables for the ﬁnal set of intervention and control
villages through examination of balance measures.42–44
Matching resulted in an improvement in balance as
assessed through comparison of several measures including q-q plots, Kolmogorov-Smirnov bootstrap p values
and standardised differences. After matching, there were

Sample size
Sample size was determined through a simulation estimating the log odds of diarrhoeal disease (the primary
outcome) through a multilevel random effects model
and parameterised with data from a previous study in a
neighbouring district in Odisha.16 Sample size estimates
were also checked with G*Power.45 The simulation
assumes a longitudinal 7-day period prevalence for diarrhoea of 8.8% in children <5 years, a heterogeneity variance between villages of 0.07, a heterogeneity variance
between households of 0.57 and four study rounds.16 An
effect size of 0.20 was selected for public health importance and based on estimates of effect from systematic
reviews of water and sanitation studies.46 Assuming at
least 80% power, 0.05 signiﬁcance level, 10% for loss to
follow-up and at least one child per household, we

Table 1 Preintervention characteristics used in matching, and balance diagnostics before and after matching and exclusion
process
Variable
Number of households
Population <6 years (%)
Household income score (x̅)
Household goods owned (x̅)
Pucca house (%)
≥2 meals a day (%)
Scheduled caste (%)
Scheduled tribe (%)
Female literacy (%)
Open defecation (%)
Improved drinking water source† (%)
Water source <500 m and 50 m
elevation (%)

Intervention
(n=45)

Control (all eligible) Std diff
Control (study)
(n=1580)
(all eligible) (n=45)

Std diff
(study)

157.9
16.2
2.9
1.1
59.2
57.7
11.5
33.4
30.9
95.6
38.6
81.5

215.5
16.9
3.1**
1.2*
61.6
63.7
18.7**
19.1*
29.8
95.2*
42.5
72.2

0.06
0.02
0.01
0.02
0.05
0.01
0.01
0.08
0.00
0.01
0.02
0.01

0.37
0.19
0.26
0.27
0.09
0.19
0.46
0.31
0.07
0.04
0.10
0.31

148.1
16.3
2.9
1.1
60.5
57.8
11.8
29.8
30.9
95.8
37.2
81.7

All eligible: all villages that are eligible for the matching process after restriction.
Std diff (absolute standardised difference): a value >0.1 is considered meaningful imbalance.42
Kolmogorov-Smirnov bootstrap p values: *<0.05, **<0.01.
†Ganjam villages only; no data available for Gajapati villages.
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estimate a sample size of 45 villages per study arm and
26 households per village. This estimate was the most
conservative compared with sample size estimates for
secondary outcomes and was therefore used for the
broader study population.
Outcome measurement
Outcomes, and individual, household, and communitylevel risk factors, will be measured through surveys,
interviews or through the collection and analysis of
environmental, stool or dried blood spot samples. All
survey questions will be translated into the primary local
language, Odia, and back-translated to conﬁrm wording.
Household surveys include household and individual
factors and will be verbally administered by trained ﬁeld
workers to the mother or primary caregiver of the
youngest child <5 in each household, unless otherwise
speciﬁed below. Community surveys will be verbally
administered to the sarpanch (village head) or any other
member of village leadership. Survey data will be collected on mobile phones using Open Data Kit.47 GPS
coordinates for households, water sources and other
relevant sites will be collected using Garmin eTrex 10 or
20 devices (Garmin, Olathe, Kansas, USA).
Coverage, access and use of sanitation, water and hygiene
infrastructure
Coverage, access and use of WASH infrastructure will be
assessed in all four rounds. Presence of and access to
toilets, water sources and hand-washing stations will be
assessed through standard questions from the
Demographic and Health Surveys (DHS) and conﬁrmed
through spot observations. Spot observations of household toilets and hand-washing stations will be further
used to assess indicators of functionality, maintenance,
recent use. Reported water and sanitation practices,
including child feces disposal practices, will be captured
through household survey questions.

7-day period prevalence for all household members in all
four rounds. Respiratory infection is deﬁned as the presence of cough and/or shortness of breath/difﬁculty
breathing according to WHO’s Integrated Management
of Childhood Illness (IMCI).50 The full IMCI case deﬁnition for acute lower respiratory infection also includes
measurement of respiratory rate and observation of chest
indrawing, stridor and other danger signs; these criteria
were excluded from our deﬁnition as there was concern
about the technical support required to produce consistent and accurate data within this context.50 Our deﬁnition provides a broad assessment of respiratory illness
burden. Each household member will be asked to recall
his or her own disease status, and the mother or primary
caregiver will be asked to report disease for children.
Nutritional status
Anthropometric data will be collected for children
under the age of ﬁve in all four rounds using standard
methods as established by WHO.51 52 Field workers will
be trained and standardised in line with WHO protocols
to reduce measurement error.52 Weight will be measured
for all children <5 years of age using Seca 385 digital
scales, with 20 g increment for weight below 20 kg and a
50 g increment for weight between 20 and 50 kg.
Recumbent length will be measured for children
<2 years of age using Seca 417 measuring boards with
1 mm increment. Standing height will be measured for
children 2–5 years of age using Seca 213 portable stadiometers with 1 mm increment. Height and weight will
be used to calculate height-for-age z-scores (HAZ) and
weight-for-height z-scores (WHZ) based on WHO reference standards. A random subset of 10% of households
will receive back check visits each day to repeat height/
length measurements to ensure interobserver reliability.

Diarrhoeal diseases
The primary outcome for this study is prevalence of diarrhoeal diseases, recorded as both daily point prevalence
over the previous 3 days and 7-day period prevalence,
for all household members in all four rounds. Although
self-reported diarrhoea is a subjective outcome with a
well-established risk of bias, three-day recall reduces
recall bias.48 49 Diarrhoeal disease will be measured
using the WHO deﬁnition of three or more loose stools
in a 24-hour period, with or without the presence of
blood. Field workers will use a simple calendar as a
visual aid to help respondents with recall. Each household member will be asked to recall his or her own
disease status, and the mother or primary caregiver will
be asked to report disease for children.

Soil-transmitted helminth infection
Stool samples will be collected in rounds 2 and 4 from
all household members in a randomly selected subset of
500 households and used to assess the presence and
intensity of soil-transmitted helminth (STH) infection.
Formalin ether concentration and microscopy will be
used to quantify worms and ova for hookworms, Ascaris
lumbricoides, and Tricuris trichura.53 Quality assurance
includes independent duplicate assessment of all positive and 10% of negative samples. After stool collection,
each participant will be offered a single dose of
Albendazole, a broad-spectrum antihelmenthic drug
recommended by the Ministry of Health and Family
Welfare, Government of India. Stools collected in round
2 will allow for comparison of STH infection prevalence
between intervention and control villages, while the
stool samples collected ∼8 months later in round 4 will
provide a measure of re-infection rate.

Respiratory infection
Prevalence of respiratory infections will be recorded as
both daily point prevalence over the previous 3 days and

Environmental enteric dysfunction
Stools from a randomly selected subset of 200 children
<2 years old, collected in rounds 2 and 4, will be used to
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assess EED through quantiﬁcation of biomarkers of
intestinal inﬂammation and permeability. Fecal myeloperoxidase (MPO), α-1-antitrypsin (AAT), and neopterin
(NEO), markers for neutrophil activity, intestinal permeability and TH1 immune activation, respectively, were
selected for this study based on evidence of association
with EED, subsequent linear growth deﬁcits and household environmental fecal contamination.24 25 54
Seroconversion for enteric pathogens
Serological assays that assess antibody production against
various enteric pathogens can provide an objective
measure of exposure to enteric infections.55 Enrolling
children aged 6–18 months will reduce the potential for
interference from maternally acquired antibodies and
permit analysis of seroconversion data in a critical
window for young children who experience higher diarrhoeal disease morbidity and mortality before 2 years of
age.56–61 Children who are 6–12 months during round 2
will have capillary blood drawn by ﬁngerstick or heelstick, as appropriate, and will be visited again during
round 4 for a second capillary blood sample. All blood
samples will be preserved on TropBio (Sydney, Australia)
ﬁlter discs and stored within 7 days of collection at
−20°C. Seroconversion against markers for norovirus,
Giardia intestinalis, Cryptosporidium parvum, Entamoeba histolytica, enterotoxigenic Escherichia coli, heat-labile enterotoxin (ETEC-LT), Salmonella spp., Campylobacter jejuni,
Vibrio cholerae and Toxoplasma spp. will be assessed using
multiplex immunoassay technology on the Luminex
xMAP platform.62
Environmental fecal contamination
Field workers will collect samples of household stored
drinking water and source water from a random subset
of 500 households in all four rounds, and child hand
rinses in rounds 2 and 4. All water and hand rinse
samples will be stored on ice during transport and analysed within 6 hours of collection using membrane ﬁltration. Three assays will be used: (1) plating on m-Coli
Blue 24 (Millipore, Billerica, Massachusetts, USA) for
E. coli according to EPA Method 10 029, (2) alkaline
peptone water enrichment prior to plating on thiosulfate citrate bile salts sucrose agar and slide agglutination
serotyping for V. cholerae and (3) plating on xylose lysine
desoxycholate agar, and slide agglutination serotyping
for Shigella spp.63–65 Source and stored water samples
will be assayed for E. coli, V. cholerae and Shigella spp., and
hand rinse samples will be assayed for E. coli and Shigella
spp. E. coli was selected as a standard non-human
speciﬁc indicator of fecal contamination, though the
limitations of this indicator are well-established.66–68 In
order to better characterise human fecal contamination
of the household environment, V. cholerae and Shigella
spp. were selected based on prevalence in southern
Asia, evidence of public health importance, and ﬁeld
laboratory limitations.69–71
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Cost and cost-effectiveness
Costs and potential cost savings (ie, averted costs)
associated with the intervention will be assessed through
an economic costing approach that recognises and
quantiﬁes costs and beneﬁts from a societal perspective.72 Data on programme and point-of-delivery inputs
will be collected at household, community and implementer levels in round 3. Field workers will administer
community surveys to a village leader, and household
surveys to the household decision-maker for toilet installation, in 20 randomly selected households in 20
matched intervention and control villages. Given costeffectiveness analyses require the effect of the intervention to be measured against a counterfactual, and the
intervention of interest is a community-based intervention, cost and effectiveness measures will be summarised
at the village level.73 Surveys will collect data on
household-level and community-level inputs related to
materials and labour required to construct household
toilets and wash rooms, the community water tank and
distribution system and household water connections;
longer-term water supply and toilet maintenance costs
and ﬁnancing required for this infrastructure as well as
perceived beneﬁts, including averted social opportunity
costs. Implementer inputs from Gram Vikas will be collected through an enumeration exercise, interviews and
examination of the implementer’s ﬁnancial records.
Collective efficacy
CE is a latent construct comprised the structural and
cognitive components that facilitate a community’s
shared belief in its ability to come together and execute
actions related to a common goal.21 A review of the literature and established conceptual frameworks will be
performed to deﬁne the CE construct. A sequential
exploratory mixed qualitative and quantitative design
will be used to develop and reﬁne a scale to measure CE
and test hypotheses. Field workers will administer the
reﬁned, multi-item, Likert-type CE scale to one randomly selected household member aged 18 years or
older in each household in round 3.
Women’s empowerment
Four dimensions of women’s empowerment will be measured in rounds 3 and 4: group participation, leadership,
decision-making and freedom of movement. Group participation and leadership will be measured using
modules from the Women’s Empowerment in
Agriculture Index (WEAI), which has been tested in
South Asia.74 Decision-making will be measured using
questions from the women’s status module of
Demographic and Health Surveys. Freedom of movement will be measured using questions from the
project-level Women’s Empowerment in Agriculture
Index ( pro-WEAI). These measures will be collected for
the primary female caregiver of the youngest child <5
years of age and were selected based on the importance
of women’s empowerment for child nutrition.75 76
7
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Women’s empowerment is conceptualised as an
outcome and a potential mediator along the pathway
between the Gram Vikas intervention and child health
outcomes.
Menstrual hygiene management
Menstrual hygiene management practices vary worldwide and depend on personal preference, socioeconomic status, local traditions and beliefs and access
to water and sanitation resources.77 Unhygienic washing
practices are common in rural India and among women
and girls in lower socioeconomic groups and may
increase risk of urogenital infection.78–80 However, the
link between access to water and sanitation, menstrual
hygiene management and urogenital infections has
been poorly studied. Household surveys will be administered in round 4 to a randomly selected woman aged 18
or older, in a subset of 800 households, and will capture
self-reported urogenital infection, deﬁned as at least one
of the following symptoms: (1) abnormal vaginal discharge (unusual texture and colour/more abundant
than normal), (2) burning or itching in the genitalia,
(3) burning or itching when urinating or (4) genital
sores.79
Sanitation insecurity
This study will assess the associations between sanitation
access and sanitation insecurity with mental health
among women. In a previous research in Odisha, a contextually speciﬁc deﬁnition and measure for sanitation
insecurity was developed, with associations between
facets of sanitation insecurity and mental health independent of sanitation facility access.81 This previously
developed measure will be used to determine if levels of
sanitation insecurity differ between intervention and
control villages and how it may be associated with
mental health outcomes, speciﬁcally well-being, anxiety,
depression and distress. Household surveys will be administered in round 4 to a randomly selected woman aged
18 or older, in a random subset of 800 households.
Fecal sludge management
In sanitation systems where sewerage is not feasible, such
as the household toilets constructed as part of the
MANTRA intervention, safe management of fecal waste
is necessary. Although there is growing emphasis on safe
fecal sludge management (FSM), research has mainly
focused on urban settings.82 83 Preliminary research in
Odisha suggests that FSM in this rural setting is a substantial challenge and may impact household use of
toilets. In round 3, household surveys and spot checks of
toilets in intervention villages will be used to assess toilet
use and FSM practices.
STATISTICAL ANALYSES
The effect of the intervention on infrastructure coverage, access, and use (aim 1), and the effect of the
8
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intervention on improving health (aim 3), will be analysed using logistic, linear, log binomial or negative binomial multilevel regression depending on the outcome,
to compare intervention versus control villages.
Prevalence of FSM practices in intervention communities will be assessed using multilevel regression (aim 1).
For all models, the hierarchical structure of the data will
be accounted for using random effects. Estimation of
relative risks through Poisson regression or binary regression methods for binary outcomes will be considered to
ensure robustness of results. Mediation of the potential
association between intervention and nutritional status
outcomes by women’s empowerment will be assessed
using multilevel structural equation modelling, and statistical approaches to reduce bias will be explored as
needed.84
The impact of intervention on reducing environmental fecal contamination (aim 2) will be assessed through
two methods. First, hierarchical logistic and negative
binomial multilevel regression to estimate intervention
effects on the relative scale will be used to compare
intervention versus control villages. Estimation of relative
risks through Poisson regression or binary regression
methods for binary outcomes will be considered to
ensure robustness of results. Second, a stochastic microbial risk framework will be used to assess differential
fecal environmental contamination between intervention and control villages.
The cost and cost-effectiveness of the intervention
(aim 4) will be assessed in two steps. Incremental intervention beneﬁts will be ascertained by combining health
beneﬁt data, from analysis of health outcome data and
established averted cost data, with other averted social
opportunity costs. An incremental cost-effectiveness
ratio, expressed in cost per disease-speciﬁc DALY, will be
calculated by dividing the incremental intervention costs
by the incremental intervention beneﬁts.
The CE scale will be analysed using a psychometric
approach in which factor analytics are employed to identify an appropriate factor solution and test the reliability
and validity of the CE scores. Once a CE factor solution
and an empirically derived multilevel data structure have
been identiﬁed, the association between CE and intervention effectiveness will be analysed using multilevel
generalised linear mixed models to estimate relative
risks,85 86 (aim 5). For all outcomes, variables used in
the matching process may be considered as covariates,
as needed, in addition to individual, household and
community-level risk factors. Covariates that are statistically associated with outcomes of interest in bivariate
analyses will be considered for inclusion in ﬁnal
multivariable models, following standard stepwise
model-building approaches. Secondary analyses may also
evaluate models for effect modiﬁcation as relevant,
including exposure-mediator interaction for mediation
models and cross-level interaction, by assessing changes
in parameter values based on potential effect modiﬁers.
Potential effect modiﬁers may include breastfeeding for
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seroconversion outcomes, and climate factors and population density for environmental fecal contamination
and health outcomes. However, this study was not
designed to assess effect modiﬁcation and therefore is
not speciﬁcally powered for these analyses. For all outcomes, unadjusted models will be presented along with
models adjusting for covariates.
DISCUSSION
This matched cohort study is one of the ﬁrst to evaluate
the effect of a rural combined household-level piped
water and sanitation intervention, implemented at the
community level, on a large scale. The matched design
provides a rigorous means for estimating causal effects
given that randomisation to the intervention group was
not feasible due to the several year implementation
process.5 By focusing on an intervention where the
implementation process is complete, it also limits the
risk presented by randomised controlled trials, where
the intervention has little uptake, an especially important study challenge given the interdependence of exposure and outcomes within communities, and a problem
that has characterised previous trials of sanitation interventions in India.15 16
A strength of this study is the assessment of health
impacts using the holistic WHO deﬁnition of health,
including not just disease status, and also mental, social
and physical well-being.87 Outcomes along the causal
chain include standard, but more subjective measures,
such as reported diarrhoeal diseases and respiratory
infection, as well as more objective measures such as
fecal environmental contamination, soil-transmitted helminth infection and anthropometry. Although there is
risk of response bias for reported outcomes, it is unlikely
to be differential by intervention status since the study
team is not directly linked to Gram Vikas. Even though
ﬁeld workers may be aware of village intervention status,
laboratory staff analysing water, hand rinse, stool and
blood samples will be blinded. In addition, this study
includes the more novel use of seroconversion for
enteric pathogens, biomarkers of EED and measures of
CE in an evaluation assessment. While there are limitations inherent to observational studies, the matched
study design and multivariable modelling analysis plan
reduce the potential for confounding. However, there is
still the potential for residual unmeasured confounding.
Dissemination
Efforts will be made to communicate the central
ﬁndings and implications with study communities, the
implementing organisation and government ofﬁcials in
India. The results of this study will be submitted for
publication in peer-reviewed journals and presented at
conferences. The data collected in the study will be publicly available, with personal identiﬁable data redacted,
following the publication of the primary results within
24 months of the ﬁnal data collection date.
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