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ABSTRACT

Introduction A wide range of water-related problems
contribute to the global burden of disease. Despite
the many plausible consequences for health and
well-being, there is no validated tool to measure
individual- or household-level water insecurity
equivalently across varying cultural and ecological
settings. Accordingly, we are developing the
Household Water Insecurity Experiences (HWISE)
Scale to measure household-level water insecurity in
multiple contexts.

Methods and analysis After domain specification
and item development, items were assessed for both
content and face validity. Retained items are being
asked in surveys in 28 sites globally in which water-
related problems have been reported (eg, shortages,
excess water and issues with quality), with a target
of at least 250 participants from each site. Scale
development will draw on analytic methods from both
classical test and item response theories and include
item reduction and factor structure identification.
Scale evaluation will entail assessments of reliability,
and predictive, convergent, and discriminant validity,
as well as the assessment of differentiation between
known groups.

Ethics and dissemination Study activities received
necessary ethical approvals from institutional review
bodies relevant to each site. We anticipate that the
final HWISE Scale will be completed by late 2018

and made available through open-access publication.
Associated findings will be disseminated to public
health professionals, scientists, practitioners and
policymakers through peer-reviewed journals,
scientific presentations and meetings with various
stakeholders. Measures to quantify household food
insecurity have transformed policy, research and
humanitarian aid efforts globally, and we expect that
an analogous measure for household water insecurity
will be similarly impactful.

Strengths and limitations of this study

» This study is based on rigorous, multidisciplinary
formative research on water insecurity by anthro-
pologists, geographers, nutritionists, statisticians
and epidemiologists, among others.

» Data on household water insecurity experiences are
being collected in 28 sites across four continents by
local partners in widely varying ecological and cul-
tural settings.

» Analytic methods from both classical test and item
response theories will be used to develop and eval-
uate the eventual scale.

» The Household Water Insecurity Experiences Scale
will be validated for assessing water insecuri-
ty in low-income and middle-income countries.
Additional scale assessments necessary for valida-
tion in high-income countries are planned.

INTRODUCTION

Water insecurity, the inability to ‘access and
benefit from affordable, adequate, reliable
and safe water for well being and a healthy
life’,' has manifold adverse effects on phys-
ical> * and psychosocial health* °; under-
mines productivity’; triggers and perpetuates
domestic, social and political tensions and
conflicts’ 8; and reinforces environmental
and social inequities.” Water insecurity has
been shown to co-occur with food insecurity,
malnutrition and communicable diseases and
to produce syndemics, or systemically exacer-
bating epidemics,'’ "' much like food insecu-
rity and HIV."? Furthermore, water insecurity
is projected to worsen in many regions due to
climate change and increased inequalities in
resource distribution.’
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However, we do not know how many households or
individuals globally are affected by water insecurity. Esti-
mates of available surface water derived from satellite
imagery suggest that 4billion people worldwide experi-
ence severe water scarcity for at least 1 month of every
year,"” and this is likely an underestimation given issues
with infrastructure and access. Additionally, chronic
flooding'* and poor water quality'” mean that many more
individuals are experiencing water insecurity. Currently,
measures of water at the national, regional and commu-
nity levels are used and are referred to as indicators of
water scarcity, water poverty or water security.'* ' These
measures do not capture the range and granularity of
how households experience water insecurity, including
factors such as perceptions of quality,”’ instances of water
excess’! or perceived consequences for psychosocial®®
and physical health and well-being.?* Furthermore, while
household-level scales to measure water insecurity have
been developed for several sites, for example, in the
USA,23 Bolivial,4 Ugamda,24 Ethiopia5 and Kenya,10 their
comparability, comprehensiveness and applicability to
other sites have not been systematically investigated or
validated.

As such, a comprehensive, validated scale to measure
the experiences of household or individual water inse-
curity would enable researchers, practitioners and
policymakers to: improve estimates of water insecurity
prevalence, identify factors that shape this phenomenon,
recognise direct consequences of water insecurity, under-
stand how to more effectively distribute resources, eval-
uate the impacts and cost-effectiveness of interventions
and monitor progress towards the Sustainable Develop-
ment Goals.® Indeed, in March 2018, the UN’s High-
Level Panel on Water cited lack of data on water in many
parts of the world as a major challenge, and the need
for better data on water as one of nine priority actions.*
Given that measures of household food insecurity (eg,
Latin American and Caribbean Food Security Scale,”’
Household Food Insecurity Access Scale,”® Food Insecu-
rity Experience Scale®) have proven vital to implemen-
tation and evaluation of policy and programmes,” ™
development of an analogous household water insecurity
scale is overdue and urgently needed, particularly for
assessing water insecurity in low-income and middle-in-
come settings where household water problems tend to
be most pronounced and frequent.

Therefore, our objective is to develop and validate the
first household water insecurity scale with broad applica-
bility across low- and middle-income settings. The House-
hold Water Insecurity Experiences (HWISE, pronounced
H-wise) Research Coordination Network (RCN) was
formed to facilitate the multicountry, collaborative data
collection process required to validate the planned tool
(‘the HWISE Scale’). The HWISE RCN brings together a
large team of anthropologists, geographers, public health
practitioners, physicians, epidemiologists, statisticians,
sociologists, nutritionists, inter alia, all of whom have
experience with water insecurity, food insecurity and/or

scale development across a wide array of settings (http://
www.hwise.org).

METHODS AND ANALYSIS

Phase 1: item development

Domain specification

Specifying the domains for a scale is the first step in
item development (table 1, 1.1).* * The boundary of
the domain of water insecurity, that is, the underlying
construct that the scale will attempt to measure, was
based on extensive literature review' and draws on the
team’s expertise in water insecurity, for example.*® * %
We define water insecurity as the condition where ‘afford-
ability, reliability, adequacy, and safety [of water] is
significantly reduced or unattainable so as to threaten or
jeopardize well-being’.!

A best practice is to clearly articulate subdomains of
the eventual scale, if they are known.***® Although some
subdomains of water insecurity have been proposed,'® ¥’
there is currently no consensus in the literature. There-
fore, we will assess subdomains during the analytic phase.

[tem generation

Candidate scale items were identified deductively, based
on an extensive literature review of items used in prior
site-specific household water insecurity scales' (table 1,
1.2). This includes team members’ prior work in colonias
in the USA-Mexico boderlands%; a squatter settlement
in Cochabamba, Bolivia4; in rural, periurban and urban
households in Kenyaw; and elsewhere, including rural
areas in Ethiopia® and Uganda.** Initial items include
experiences of water insecurity that have consequences
for psychosocial and physical health, nutrition, impacts
on livelihoods and household economy, and agriculture
(online supplementary file 1).

Each question is phrased to elicit experiences within
the prior 4weeks or month (ie, ‘In the last fourweeks,
how frequently have...”). This recall period was systemat-
ically determined using the Delphi method of consensus
building with international and local experts in water
insecurity, food insecurity and scale development and
by comparing the responses in this recall period to
a prospective daily recall of water insecurity experi-
ences."” Ttems were ordered by what we expected to be
increasing severity of water insecurity across access, reli-
ability, adequacy and safety. Response options are ‘never’
(0 times), ‘rarely’ (1-2 times), ‘sometimes’ (3-10 times),
‘often’ (11-20 times), ‘always’ (more than 20 times), ‘not
applicable’, ‘don’t know’ or refused. Response intervals
were also determined using the Delphi method."’

Theinitial setof 32itemsisreferred toas ‘Module Version
1’. This set of items was modified slightly in August 2017
(see ‘Mid-study Evaluations’ under Phase 3) based on
feedback received from consortium members, survey
implementers and other water security experts during a
3-day conference at Northwestern University. Modifica-
tions included slight rephrasing of 18 items to improve
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Table 1 Overview of planned methods and analyses for the development of the HWISE Scale*

Scale development
activity

Procedures

Phase 1: item development

1.1 Domain
specification

1.2 Item generation
1.3 Content validity

1.4 Face validity

Literature review.

Literature review and Delphi methodology.

By target population: two styles of cognitive interviews were used in the first eight sites, building on
Delphi methodology.

Pretesting and debriefing with enumerators at each site.

Phase 2: scale development

2.1 Data collection
2.2 Item reduction

2.3 Identify factor
structure

2.4 Assess
measurement
equivalence

Enumerator training and survey implementation.

We will drop items with cumulative missing cases >30% (ie, ‘don’t know’, ‘non-applicable’ or true
missing responses) in any one site.

We will assess the performance of each item’s variation with other items in the scale using a
correlation matrix; items with very low (<0.30) interitem correlation coefficients and very low (<0.30)
item-total correlation coefficients across multiple sites will be considered for deletion, as will items
that misfit the model, that is, with residual correlations >0.20.

Item reduction in Rasch paradigm: item severity and item discrimination test.

We will use factor analysis across multiple sites to test for factor structure; items with very low factor
loadings (<0.30), split factor loadings (high factor loadings (>0.50) in two domains) and high residual
variances will be considered for deletion.

We will use multigroup confirmatory analysis (a form of measurement invariance) on data from
multiple sites to test for exact invariance in the hypothetical scale; invariance will be assessed in
terms of factor structure (configural model), factor loadings (matric model), mean intercepts (scalar
model) and factor means (strict model).

We will use confirmatory factor analysis alignment optimisation to estimate the group-specific factor

means and variances of scale items across all sites; it assesses approximate invariance of scale

items across multiple sites.
Phase 3: scale evaluation

3.1 Score scale items Finalised scale items will be used in their unweighted form as sum scores or in weighted form as

factor scores.
3.2 Assess reliability
(internal consistency)
of scale items
3.3 Assess scale
validity

We will use Cronbach’s alpha and the Rasch reliability statistic to test the internal consistency of the
scale items within each site and aggregated across sites.

We will measure predictive, convergent and discriminant validity of the final scale items using criteria
that were selected based on their strong theoretical relevance in the water insecurity literature; tests

of water insecurity differences between ‘known groups’ will also be performed.

*Adapted from ref 4.

comprehension by participants and to elicit experiences
related to water overabundance, two questions were
added in an effort to capture cultural components of
water and six items were eliminated for being too rare or
idiosyncratic. The resultant set of 28 items is referred to
as ‘Module Version 2’ (online supplementary file 1).

Content validity

Content validity (ie, if items adequately measure the
domain of interest; table 1, 1.3) was assessed in the first
eight sites through cognitive interviews with 12 purpo-
sively selected individuals. Participants were asked to
‘think aloud’ or ‘tell [the enumerator]| about’ their
understanding of each of the water insecurity items as
they completed the pilot survey. Interviewers recorded

any issues and probed in detail on each as participants
responded to the items.?® This process built on the Delphi
methodology used to develop the Kenya-specific scale.!”

Face validity

Face validity, also part of item development, is assessed at
each site (table 1, 1.4). First, the survey is translated from
English into the language(s) of implementation and then
back-translated. Then, enumerators, the predominance of
whom are recruited from the target population, pretest
surveys with one another to ensure that questions are
appropriate to the setting, that the concept of water inse-
curity is understood and that translations are consistent
with local dialects, that is, that they are linguistically and
culturally appropriate translations.*
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Site leads debrief enumerators after each day of
data collection and record all the details as project
field notes to further ensure face validity. Debriefs
are centred on experiences in the community, survey
questions that are difficult to administer and any other
problems encountered. At the end of data collection
for the site, enumerators engage in a final debrief, and
in some cases, use a semistructured survey that pulls
the same information from across the entire site. Site
leads are also interviewed at the end of study activ-
ities by members of the HWISE RCN regarding their
experiences with project implementation, perceptions
of questions by enumerators and participants and any
additional topics that should be included or excluded
in the final survey. These debriefing interviews with
site leads will provide additional feedback to iteratively
improve training and item refinement.

PHASE 2: SCALE DEVELOPMENT

Data collection

Sites

Cross-sectional surveys were initially planned for six
sites that would leverage investigators’ active research:
Bangladesh, Brazil, Guatemala, Kenya, Nepal and Tajik-
istan; that is, they were selected out of convenience.
Subsequently, 22 more were added because addi-
tional sites would allow us to test the instrument across
more heterogeneous cultural and geographic settings
(figure 1), permit an iterative analysis of the instrument
(compared with ‘Mid-study evaluation’) and make a

Torreén, Mexico’
Mérida, Mexico’
®Gressier, Haiti*

®Cartagena, Colombia?

Chiquimula, Guatemala®

ial
Acatenango, GuatemaIaW’ #Honda, FOREEES

@ Upolu, Samoa' San Borj;, Bolivia?

Figure 1

number of statistical analyses possible (table 2).* These
additional 22 sites were added by soliciting collabora-
tors from professional networks across academic insti-
tutions as well as non-governmental and governmental
organisations using convenience sampling. In selecting
sites, we sought maximal heterogeneity in region of the
world, infrastructure (eg, urban and rural, formal and
informal settlements) and problems with water (eg,
flooding, drought, chronic scarcity and intermittent
supplies). We also considered cost and feasibility of
timely implementation.

Participant selection

To participate, individuals must be 16 or 18 years of age
or older (depending on age of consent at each site), iden-
tify themselves to the interviewer as being knowledgeable
about water acquisition and use within their households
and consent to participate. Participants are not remuner-
ated for participation in the survey.

The target sample size at each site is 250 individuals.
We consider this sample size as the minimum needed
for assessing the magnitude of correlation between
the observed variables and associated factor(s) and
obtaining a sample pattern that is stable and approxi-
mates the population pattern.40 If sites cannot achieve
the target sample size, variation of estimated statis-
tics will be reviewed to determine if the data can be
included in the final validation of the scale.

The preferred sampling strategy for the study is random
sampling of mutually exclusive and exhaustive categories
of participants in areas of known high, moderate and low

Dushanbe, Tajikistan'

Beirut, Lebanonze Punjab, Pakistan®

® Kathmandu, Nepal*
®Rajasthan, India?

®Pune, India>

Sistan & Balochistan;, Iran*®

Lagos, Nigeria’ ® Bahir Dar, Ethiopia’

Accra, Ghana'®
Ceara, Brazil'

9,,
@ Singida, Tanzania' Labuan Bajo, Indonesia*
® Morogoro, Tanzania? [ ]
®Lilongwe, Malawi’

Kahemba, DRC'®

Arua, Uganda'
*

Kampala¢Uganda1

®
Kisumu , Kenya'

Map of HWISE study sites. ' Sites using Module Version 1; 2 Sites using Module Version 2. Image credit: Frank

Elavsky, Northwestern University Information Technology, Research Computing Services. HWISE, Household Water Insecurity

Experiences.
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water insecurity. In standalone HWISE sites, participant
selection follows a simple randomised or clusterran-
domised sampling strategy (table 3). In several sites,
however, the HWISE survey is administered as part of a
larger ongoing projectwith a predetermined survey design
(eg, in Singida, Tanzania: NCT02761876; Kahemba,
Democratic Republic of Congo: NCT03157336), such
that simple random sampling is not possible.

Sites with simple randomised sampling employ a
random-walk sampling method.*’ With the simple
randomised sampling strategy, a random number gener-
ator (eg, dice or random number generating applica-
tion) with set parameters (ie, less than 20, less than 30
and so on) determines which households to survey (and,
if needed, the direction of the random walk). Surveys
are administered to each household corresponding to
the random number, such that a random draw of the
number 3 indicates that every third household should be
sampled. For sites using a cluster-randomised sampling
strategy, the region is first mapped using a grid or satellite
imagery (eg, Google Maps) to identify population density
based on the number of habitable structures. Clusters
are selected from this grid, and households within clus-
ters are randomly sampled in proportion to structure
or population density using a random number gener-
ator, similar to the simple randomised sampling strategy.
Cluster randomisation is preferred, but simple random
sampling is used when cluster data are not available, typi-
cally in sparsely populated settings.

Participant involvement

Although formative work drew on ethnographic
research that included participant involvement and the
idea to develop this scale came from experiences with
participants in Kenya,' no participants were involved
in developing the actual protocol. Participant involve-
ment (eg, cognitive interviewing; table 1, 1.3) began
with refinement of survey items once the initial list
was created. Participants were not involved in devel-
oping plans for the design or implementation of the
study, and participants will not be involved in the
interpretation of results or write-up of the manuscript.
Although identifiable data were not collected in most
sites, we plan to summarise our findings in site-specific
summary reports that site investigators will disseminate
to communities in which the data were collected. The
final scale and other findings will be made available
via open-access publication and be publicised through
public relations and media outreach at our respective
institutions.

Training

An HWISE training manual was developed to provide
guidance on implementation.” This manual outlines
preferred sampling strategy, minimum sample size,
instructions for collecting data and choosing unique
participant identification numbers and detailed infor-
mation explaining the rationale for each water insecurity

Young SL, et al. BMJ Open 2019;9:6023558. doi:10.1136/bmjopen-2018-023558

7

"ybuAdoo Ag paroaiold “euljored yinos Jo
AlIsianiun Arelqi auIdIpa 1O |00Yy9S 1e 020z ‘2z Arenigad uo jwod [wg uadolwg//:dny woll papeojumoq "6T0Z Arenuer /T U0 8G5£Z0-8T0z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado CING


http://bmjopen.bmj.com/

BMJ Open: first published as 10.1136/bmjopen-2018-023558 on 17 January 2019. Downloaded from http://bmjopen.bmj.com/ on February 27, 2020 at School of Medicine Library University
of South Carolina. Protected by copyright.

panuiuo)

eISauOpU|
‘pue|bug ‘oleg
‘auojepuels ‘(M@OQ) 1919BL  "Wopuel Jasn|D ‘uelsauopu| "uosess AiQg - 8102 AeN O 1S9\ @Y} JO Ausianiun uenge]

‘sueowes
ul Aysodipe Bujousnyul
osuasSIW [aA0U B
Uo yoJessal uewny pue ‘suosess
asnow ‘e|n||eo payesBajul sidiynw juasaid ol1oed
“Ryisionun SjeA €60€60THLOY HIN  “(deD@3y) ¥eleL “anisoding ‘ueouwresg SS0I0Y g9 tos1 -810¢ |udy "Aysienun afeA pue eisy 1se3

)
o
)
)
1N
<
)
*®
o
N
<
)
=3
k=)
£
S
S
<
132)
«
-
=]
-
S
kS
=]
5]
[T}
%)
I
=)
e
28
<)
@
1<)
I
=
g
S
S
5]
1
<
el
T
"y
2]
=
=
3
=

pJodai jo gy po199j|02 (21eMyo0s) ABayens uono3||0d  UONIJ|0D % azis uonoaj|0o siauped Bunuawejdw] uoIsIap uoibai
ejep Aieyuawajddns poyraw Bundwesg ejep jo elep Jo ‘sjuspuodsas o|dwes ejep Jo Jeak aInpo )ueg plAOM
‘Apms Jabue| Jo sjiela@  uono9||0d eleq (s)eBenbue uoseag aleway pue (s)ypuopy

Open access



http://bmjopen.bmj.com/

BMJ Open: first published as 10.1136/bmjopen-2018-023558 on 17 January 2019. Downloaded from http://bmjopen.bmj.com/ on February 27, 2020 at School of Medicine Library University
of South Carolina. Protected by copyright.

Open access

"Wy Bl uadQ ‘MAQ ‘eiep ou “pru ‘seousuadxg Ainossul Jerep PloyssnoH ‘ISIMH (0BuoD auyj jo aljgndey oieloowaq ‘OHd

'810g IsnBNy Jo se a|qe|ieA. Blep UO paseq sanfea ‘BuioBuo uonos|joo eyeq)

‘(795=U) Jied yoes Woiy Pajos|es Sem [ENPIAIPUI LIOPUE € ‘SSA[eu. 8[eos 10} ‘@10j81ay} ‘P|oyasnoy aWes sy} ul BUIAll USLLIOM PUB UsW L30q 1o} Palos]iod aiom exed,

“(00x3)
aseqejep ol ‘wopuel eIpu|
oN dwexgy ‘auo[epuelS paisjue Yaded paynens ‘Ipul4  "uosess Aig 0.2 8ve 8102 YoIep *QET] 9OUBUIBAOK) 9pOoUY 2 ‘ueyseley
'siso|noJegny
0 JuswdolaAsp 8y} uo
AIH pue Aoueubaid jo
10848 115862 HIVESH
HIN ‘ABojounwiwy “abejj0D
‘Auslaniun g1 ul sebueyo N(EE)] ‘pasiwopue. ‘SUOSeas [eOIPSIA JUSWIUISAOY)
supdoH suyor ‘gyl| pajeroosse Aoueubaid aseqelep ojul -uou ‘uswubisse ‘IpUIH adiynw rg ‘Ausieniun sujdoH
OoN aund ‘“Ausieniun |jpuiod :626180aHL0Y HIN paisjue Yaded loleied  PUB IylRIBN $S0I0Y loot 108l esaid-Aieniged suyop ‘Alisianlun [|pulo) | epy| ‘eund
“(190x3)
‘sooljoeld Buipasy aseqejep ol ‘npin 8102 uejsied
oN dwaxg  [ein}nooIo0s ‘aUo[epURIS pasojus Yaded ‘wopuel Jaisn|)  Pue adyieseS  “uoseas Aig S'/S Geg  YosepN-Aseniged ‘uoiBuIysepn JOo Alsianiun 4 ‘gelung
"(Mao) ‘uoneziuebiQ yyesH
‘nsy—Apnis oseqe)ep ol ‘uoseas 21|gnd PUE [eJUSWIUOIIAUT ledaN
SOA ‘Ausianiun o1eis euozuy ABojoipAyouyi3 [eqojn paiejue Yaded  ‘wopuel Jaisn|) doN Aurey SLL £92 /10Z dunp  pue A)sIaAlun 91elS BUOZLY I ‘npuewyiey BISY yInog
*SS9008 BIJUSD (SSdS) ued|
Y)[eay pue siejsuel} aseqe1ep ojul ‘wopue ‘uosees 8102 $90USI0S [BOIPSIA 1O ‘uesiyooeg
OoN dwexg yseo ‘suofepuels paisius Ysdedq paunens ‘Isieq Aurey 0'66 90¢ Asenige4-Aienuep  Ausisalun nyseysg piyeys 2  pueuelsis
‘ndieg jo
Aysianiun ueouswy pue ‘uosees 810g Aenuep nieg uouegaT] BOUJY UHON
SOA Ayusianiun uis}semypoN ‘auo[epuBlS (MQO) 19|9BL  "WOpUEBL JBISN|D “olqely Aurey 8'c9 €S —/10g Jequeoag 1o AusIaniun ueouaWy z niieg pue jseg a|ppIN
(Ssds)
aseqejep ol BIQWO|0D
ON ‘IWwely Jo Alsianiun ‘auolepuelg paisjue Yeded  ‘wopuel ajdwis ‘ysiuedg ‘uosess liq 269 992 810z AInp ‘lwelly Jo Aysieniun 2 ‘eusbepe)
“(]90x3) ‘uoseas
aseqejep ol Aip jo pua 02IX3\
oN ‘Ausianun QY sexal ‘aUo[epuUBlS pasejue Yaded “wopuel ajdwis ‘ysiuedsg /3IPPIN 1'el (344 810¢g udy “AjsIanUN NBY SEXSL 4 ‘uogalol
‘eseasIp pue Ajjenb Jsjem ‘wopuel 8102 ey
ON "BPLO|4 JO Alsienun panieolad ‘suoepuels  ‘(depa3ay) 1elqeL payiens ‘glosi) "uosess AiQ 986 262  Yyoren-Aseniged "BPUO|S JO AusieAiun 4 ‘Jolssaln)
‘AUsIanlun UIS}SeMULION ‘uoseas
pue elewsaiens ‘wopuel Aip jo pua 8102 ‘efewalen-isbuny jsureby elewsajens)
ON -1ebunH jsureby uonoy “suoepuEls “(4Q0) 1010eL onewsisis "ysiueds /RIPPIN 9'98 yie Atenigad-Arenuer uonoy pue Ausienun IDOW 2 ‘inwinbiyd
(20x3)
aseqejep ol /102 JaquieoeQ "Rusianiun eIAljog
OoN "ANsIanuN UIB}SeMULION ‘auo[epuBlS paiejue Yaded “wopuel ojdwis ‘ysiuedg -uosess g 9'8g VAZ4 —JaquianoN 9Je]S BlUBAJASUUSY Z  ‘eliog ueg
“(1]90x3)
‘NSY—Apnis aseqejep ol £10¢ 4890100 elewsiens
oN ‘Ausianiun ayeis euozuy ABojoipAyouysg [eqoln paiejus Yaded  ‘wopuel Jgisn|) ‘ysiuedg -uosess g 0'€6 101 —Jlaquieydeg ‘Ausienlun o1eig euozuy | ‘oBueusyeoy
“euBLIoAB “Rusianiun
‘uoseas UI91SOMULION PUE BUBLIDABL BIqWO|0D)
oN Ausianun useIsamypoN "auolepuelS ‘(MQO) 1el0BL  "Wopuel Jeisn|O ‘ysiueds Aurey 9'€9 961 /102 snbny PEpISIBAIUN BIOYUOd ! ‘epuoH
‘Rusieniun “(03xju3)
UIB}SaMULION pue aseqejep ol 02IX3\
ON Ajsieniun e1e1s ueblyoiy ‘auolepuels paJslue eded  ‘wopuel Joisn|D ‘ysiuedg  -uosess AuQg ¥'€9 062 2L0g snbny-Ainp ‘Asseniun a1e1s uebiyoln L ‘eplUg\
*A)INoas Jayem pjoyssnoy NOENE)] ‘uoseas
pue swajsAs Bujuoisinoid aseqejep ol AKip sou Aures 810¢g Aenige4 ueaqque) ay}
oN ‘AUsIanlun QY SEX3 Joyem Uequn :z96096G L 4SN paseojus Yaded ‘wopuel ssisn|y  -asanbnpod JaypeN 20L %14 -/102 yorey “AjsIanluN Y SEXSL | |izeig ‘e/ea)  pue eduswy UljeT
(N/A) p4o2ai Jo gy| pa309]|00 (aaemyos) A6ayens UOIO9|0D  UOIO3||0D % azis uonoa|j0o sJauped Bunuawsaldw] uoisiop aus uoibai
Buimainiaul ejep Aiejuawaiddns poylaw Bundwes ejep jo ejep jJo ‘sjuspuodsas  ojdwes ejep jo Jeak a|npoN Jueg plIOM
annubon ‘Apnys Jabue| Jo sjieraq uono3||02 ejeq (s)eBenbue uosess 9lewa4 pue (s)yiuoy

psnunuo) ¢ a|qel

-2018-023558

jopen

€023558. doi:10.1136/bm

9

)

Young SL, et al. BMJ Open 2019


http://bmjopen.bmj.com/

item and survey section (online supplementary material
1). This manual has been translated from English into
Arabic and adapted for use in Uganda.

Each site has at least one formally appointed lead
investigator responsible for consistent training,
sampling, recruitment and data collection. In each
site, 5—10 enumerators with survey implementation
experience, knowledge of the area and context, and
fluency in the local language (s) are recruited. Enumer-
ators at all sites attend a 1-2 day training session. The
first portion of the training curriculum is didactic and
follows the survey manual. The rest of the training is
interactive and tactile, with enumerators piloting the
survey with one another and troubleshooting any issues
that arise. After the initial training, the site lead and/or
study coordinator accompany enumerators during data
collection and provide feedback until enumerators are
sufficiently comfortable with the survey to administer it
with minimal guidance.

Data collection and management

After consent, enumerators conduct interviews with the
person who identifies themselves to the enumerator as being
knowledgeable about water acquisition and use in his or her
household. In addition to the water insecurity experience
items described above (Module Versions 1 or 2), data are
collected on sociodemographic characteristics; water acqui-
sition, use and storage; household food insecurity (using
the Household Food Insecurity Access Scale®); perceived
stress (using a modified, four-item perceived stress scale™);
and data quality (online supplementary material 2). These
additional data will be used to validate the scale and explore
other water insecurity phenomena in a cross-cultural
manner.” Each interview lasts approximately 45minutes,
and we expect data collection to last approximately 10-14
days in each standalone survey site (table 3).

Implementation of HWISE data collection began in
March 2017 and is expected to end in late 2018. Data collec-
tion with Module Version 1 began in March 2017 and is
ongoing (table 3, currently n=4817). Data collection using
Module Version 2 began in November 2017 and is also
ongoing (currently n=3310).

Data are collected using both paper and tabletbased
collection platforms, that is, Open Data Kit (ODK), open-
datakit.org”; CSPro, csprousers.org; and KOBOToolbox
(Cambridge, Massachusetts, USA; kobotoolbox.org). To
reduce data collection errors, tablet-based platforms are
programmed to include permissible ranges of responses,
skips for questions that are not applicable and survey items
in the language(s) most common to each study site. Most
responses from paper surveys are entered by enumerators,
study coordinators, data managers and/or site primary inves-
tigators into an online data collection platform (Enketo;
enketo.org). Microsoft Excel is used when reliable internet
access is unavailable.

Data are uploaded to a secure centralised aggregate server
(Google App Engine). Stata 14 is used for data cleaning

following a data cleaning protocol agreed on by the HWISE
RCN (online supplementary material 3).

Implementation fidelity

To ensure implementation fidelity, enumerators are
debriefed daily following data collection. Both enumera-
tors and site PIs are debriefed postimplementation (online
supplementary material 4). Furthermore, each survey
contains a module on perceived data quality (eg, explana-
tion of missing data, distractions and issues with recruitment)
thatis filled in by the enumerator immediately postinterview.

Analytic strategy

Three software packages will be used for analyses: Stata 14
to run basic descriptive statistics; Mplus version 8 (Muthén
& Muthén, Los Angeles, California, USA) and Stata 14 for
classical test theory analysis; and WINSTEPS (Winsteps,
Beaverton, Oregon, USA) for item response theory (Rasch)
analysis.

Scale development (table 1, 2.1-2.4) and evaluation
(table 1, 3.1-3.3) will be informed by analyses corresponding
to two scaling theories: classical test theory,"® implemented
by factor analysis, and item response theory,47 using Rasch
models.

Item reduction

First, items with large cumulative missing cases (>30%), that
is, ‘don’t know’, ‘non-applicable’ or true missing responses,
will be dropped (table 1, 2.2). This will help to eliminate
items that are not understood or are not widely applicable,
and therefore do not reflect cross-cultural experiences of
water insecurity.

Thereafter, items will be further dropped based on low
correlation coefficients. In classical test theory, we will iden-
tify items with low (<0.30) interitem and item-total correla-
tion coefficients across the multiple sites in this study.'’ *®

Within the Rasch paradigm, we will identify and remove
items that misfit the models by assessing infit and outfit.* *’
Conditional item independence (ie, items conditional on the
scale that are not correlated) will be assessed using residual
correlation metrics. Items will be dropped if residual correla-
tion is >0.20.°"

Identify factor structure

Factor analysis with data from multiple sites will be used to
identify the optimal latent structure (table 1, 2.3). We will
examine this structure for each site, comparing factor struc-
tures, magnitudes of factor loadings, eigenvalues for sample
correlation matrices and global model fitness statistics.
Items with low factor loadings (<0.30), split factor loadings
and high residual variances (>0.50) will be considered for
deletion.**

Assess measurement equivalence

Measurement equivalence concerns the extent to which
the psychometric properties of the observed indicators are
generalisable across groups or over time.”*™ It holds ‘when
a test measures a construct in the same way regardless of
group membership and is violated when individuals from
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different groups respond to the test in a dissimilar manner’.*

A violation of equivalence implies our inability to make
comparisons about the measurement and meaning of scale
values across groups (eg, sites, cultures and languages).”
To determine measurement equivalence across sites using
Module Versions 1 and 2, we will use multigroup confirma-
tory factor analysis and alignment optimisation.”*

PHASE 3: SCALE EVALUATION

Score scale items

Once a water insecurity scale that is equivalent across sites
is provisionally identified, we will use scale scores in both
weighted forms (factor scores) and unweighted forms
(sum scores) to assess the external validity of our scale.

Reliability

To test for the reliability (internal consistency) of the
items, we will estimate Cronbach’s alpha for both site-spe-
cific and aggregate-level data.” The Rasch reliability
statistic is analogous to Cronbach’s alpha. In our analyses,
we wgl consider reliability to be ideal if it is greater than
0.80.”

Validity

We will examine three types of validity: predictive, conver-
gent and discriminant validity. Predictive validity is ‘the
extent to which a measure predicts the answers to some
other question or a result which it ought to be related
with’.% Using both linear regression and structural
equation models, we will test for predictive validity by
regressing HWISE Scale scores on eg, food insecurity,
perceived stress and income.

Convergent validity is the ‘degree to which scores
on a studied instrument are related to measures of
other constructs that can be expected on theoretical
grounds and accumulated knowledge to be close to
the one tapped into by this instrument’.*® To test for
convergent validity, we will assess the relationships
between HWISE Scale scores and individual items that
have shown to be closely related to the concept of
water insecurity. Specifically, we will use linear regres-
sion to examine the strength of the relationships
between HWISE Scale scores and eg, time to water
source, number of trips to water source and amount of
money spent purchasing water. Larger correlation and
regression coefficients and smaller SD of residuals will
be indicative of support for convergent validity.

Discriminantvalidity is the ‘degree to which scores on
astudied instrument are differentiated from behavioral
manifestations of other constructs’.”® A test of differ-
entiation between ‘known groups’ will be conducted
using the Student’s ttest’ *%; these groups will be
based on accumulated knowledge. We will determine
the distribution of household water insecurity scores
across known groups, eg primary source of drinking
water (improved vs unimproved sources), water treat-
ment (treated vs untreated), gender of household

head (male vs female) and injuries associated with
water acquisition (yes vs no).**'*#*% Under the Rasch
measurement model, differentiating between known
groups will also be conducted using differential item
functioning. We will determine whether each scale
item performs differently in each of the subgroups.
Differential item functioning is attained when the
probabilities of an item being endorsed is unequal for
the two subgroups.'’ %

In sum, selection of the set of items to be included
in the final scale will be based on several criteria. The
criteria for inclusion of an item are: reliable in each
site, fits theoretically and empirically with concepts
related to water insecurity, has face and content
validity in each site, shows equivalent measurement
and meaning across sites and contributes to predic-
tive, convergent and discriminant validity in each
site.”” We anticipate that not every item will meet each
criterion perfectly, and judgement about tradeoffs of
which items to include will be required. These judge-
ments will be made considering the additional criteria
of having a diversity of items in the final scale that
cover as many facets of water insecurity as reasonably
possible. We anticipate that the final scale will have
fewer than 20 items, which will reduce the likelihood
of participant fatigue and make its widespread applica-
tion more feasible.

Midstudy evaluations

In August 2017, 5 months after data collection began in
8 of 16 Module Version 1 sites, HWISE RCN members
met at Northwestern University to review and discuss
data received to date and thematically sort HWISE
items. This led to the reduction and refinement of
HWISE for the second wave of survey implementation
(Module Version 2), which is being administered across
12 sites (table 2 and 3). In February 2018, HWISE RCN
members involved in scale validation met at McGill
University to review Module Version 2 responses to
date and further refine the survey. Members of the
analytic team also hold regular conference calls to
review subsequent results and complete the scale vali-
dation process.

ETHICS AND DISSEMINATION

All participants are verbally consented by enumerators
in their language of choice using a standardised script
(online supplementary material 2). Study activities
are reviewed and approved by all appropriate ethical
review boards (table 3).
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