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Sustainable Development Goal 6.2 measures sanitation progress by type
of toilet service. Improving people’s subjective sanitation experiences
isalsoimportant but rarely rigorously measured. The Sanitation-related
Quality of Life index (SanQoL-5) combines answers to five simple questions
(disgust, privacy, disease risk, shame and safety) into an overall score
ranging from O to 1. Here we evaluated the validity and reliability of
SanQoL-5 by interviewing 6,165 people across rural and urban areas of six
countries: Ethiopia, India, Kenya, Malawi, Mozambique and Zambia. We
found good evidence for construct validity, with support (P < 0.05) for
87% of hypothesized associations between SanQoL-5 and toilet quality
characteristics. In 75 intercountry comparisons, only 9% of instances
showed evidence of meaningful differential item functioning, suggesting
good cross-cultural comparability. SanQoL-5 conformed to expectations
initem response theory models, and we found evidence of convergent,
discriminant and known groups validity. SanQoL-5 can be used in impact
evaluation, monitoring, needs assessment and benefit-cost analysis.

Poor sanitationis an enduring public health challenge, with 1.5 billion
people globally lacking access to abasic toilet’. Studies of the effective-
ness of sanitationimprovements often focus on disease? and behaviour
change’. Sustainable Development Goal (SDG) 6.2 measures progress
onsanitation by type of toilet service, which is important and objec-
tively measurable'. Improvements in people’s subjective sanitation
experiencesare alsoimportant but rarely rigorously measured. These
experiences could be things that happento, or are felt by, people while
they carry out sanitation practices. Sanitation-related quality of life
refers to how sanitation practices and services directly affect people’s

experiences, for example privacy, safety and disgust*. Measuring these
outcomesisimportant because they are oftenrated highly (and along-
side or above disease) as drivers of household sanitation decisions®”
and contribute to health in its broadest sense®,

‘Health-related quality of life’ experiences have routinely been
measured in health studies since the 1980s (ref. 9). Field-specific quality
of life measurement in many areas of environmental health has been
limited, but the recently developed water insecurity experiences
(WISE) scales'" are now delivering insights into the causes and con-
sequences of water insecurity'>", Sanitation has lagged behind, but
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Table 1| SanQoL-5 questions (descriptive system)

Attribute  Question (item)® Responses
Disgust How often do you feel disgusted while using the

toilet?
Disease How often do you worry that the toilet spreads

diseases?
Safety How often do you feel unsafe while using the glwayg

- ometimes
toilet?
Never

Shame How often do you feel ashamed about using the

toilet?
Privacy How often do you worry about being seen while

using the toilet?

A preamble is as follows: ‘The following questions are about your sanitation experiences

in the past 30 days, meaning defecation, urination, and anything else you do in a toilet.
Please respond with always, sometimes or never! If less literate respondents struggle with

a question, it can be repeated as ‘Do you feel disgusted while using the toilet? How often?’.
Before the SanQoL-5 questions, the respondent is asked about the last place they defecated.
If the respondent practiced open defecation (OD), for example, in fields or wasteland, they
are directed to OD-specific questions, for example ‘How often do you worry about being seen
while practising open defecation?. Further guidance is available at www.SanQoL.org.

the Sanitation-related Quality of Life index (SanQoL-5) has now been
appliedin15 populationsacross 9 countries. SanQoL-5 measures peo-
ple’s sanitation experiences across five attributes: privacy, disgust,
safety, shame and disease'. Each attribute is measured by a short
question with answers on a three-level frequency scale (Table 1). The
quality of life theory underlying SanQoL-5is the capability approach to
welfare economics™". The five attributes measure outcomes people
have ‘reason to value’ about sanitation, as identified in qualitative
work* and prior literature®, The questions measure ‘functionings’
(people’s achievement of capabilities in the past 30 days) rather than
the capabilities themselves (the broader set from which people have
freedom to choose).

The SanQoL-5 draws on methods common in health economics
for developing measures to use in economic evaluation®. An economic
evaluation purpose requires a small number of attributes or ques-
tions (typically <7), such as the ‘EQ-5D’, which measures and values
health-related quality of life?>”. Attributes are selected primarily for
contentvalidity—the extent to which the most relevant and important
aspects of aconcept are captured”. Rather than using factor analysis
as applied inscale development, the attributes are valued as anindex
anchored at 0 and 1, with weights based on preference elicitation”. The
index thenrepresents agiven population’s relative valuation of those
preselected attributes.

The original SanQoL-5 development study" found that the index
demonstrated favourable psychometric proprieties, but only in one
urban setting (Maputo, Mozambique) with a modest sample size
(n=424). Since initial development, there have been refinements to
the questions based on mixed-methods cognitive testing and piloting
inZambia and Ghana. Given that SanQoL-5 has now been applied in15
populations and its questions recommended by the United Nations
Children’s Fund (UNICEF)/World Health Organization (WHO) Joint
Monitoring Programme for gender monitoring*, revalidation of the
measure in broader settings and larger samples is warranted but has
not yet been undertaken.

Inthis Article, we assess the validity and reliability of the SanQoL-5
index by interviewing 6,165 people across rural and urban areas in
six countries: Ethiopia, India, Kenya, Malawi, Mozambique and Zam-
bia. In doing so, we address the need for validated sanitation meas-
ures focused on quality of life, which can be simply and consistently
deployed in studies and routine monitoring.

Sample characteristics
Samples ranged from 0% rural to 100% rural (Table 2), and sampling
and representativeness varied by country (Methods). Samples were

approximately gender-balanced in all countries apart from Malawi,
where 83% of respondents were women (Table 2). The mean age was
about 40 years in all countries. Samples varied in terms of types of
sanitation. In Mozambique, the most common toilet (50%) was a pit
latrine with concrete slab, with 32% using a flush or pour-flush toilet.
InIndia, all those using a toilet used a flush or pour-flush. In all other
countries (pour-)flush toilets were very uncommon (<1%), with most
people (61-83%) using a pit latrine with wood/soil slab. Open defecation
(atthelast time people defecated) ranged from 3% in Malawi to 35%in
India. We present distributions of SanQoL-5 attribute levels (Fig. 1), as
well as histograms of SanQoL-5 index values (Supplementary Infor-
mation A). All attribute levels received at least 10% of responses in
all countries. SanQoL-5 value sets (weighted indices) are provided in
Supplementary Information B.

Validity and reliability
There wasgood evidence for the construct validity of SanQoL-5. There
was evidence at P< 0.10 for 91% of the hypothesized associations with
toilet quality characteristics inindividual regressions (87% at P < 0.05)
and86% (71% at P < 0.05) in concurrent regressions (Table 3). All associa-
tions werein the hypothesized direction, indicating that better-quality
toilets were associated with higher SanQoL-5. Full regression output
isreported in Supplementary Information C. The only hypothesized
variable showing alack of association with SanQoL-5in more than one
country was whether the toilet was shared with other households. Only
10% of negative controls were associated with SanQoL-5 at P < 0.10.
People with higher sanitation levels of service tended to have
higher SanQoL-5index values, which supports ‘known groups’ validity
(Fig. 2).In the two samples in which >15% of the sample practised OD,
there was a SanQoL-5 gain from toilet use over OD (Table 3 and Fig. 2).
Correlation between SanQoL-5 and sanitation visual analogue scale
(SanVAS)* scores (Supplementary Information D) ranged from 0.28
in Malawi to 0.58 in Mozambique, all in the hypothesized direction at
P<0.001, which is evidence of convergent validity (Supplementary
Information E). Considering discriminant validity, SanQoL-5 was inde-
pendent of two EQ-5D health-related QoL variablesin the two countries
we collected those data (India and Kenya). Specifically, the five-level
EQ-5D variable for ‘problemsin walking about’ was not correlated with
SanQolL-5in either country (Kenyar=-0.04 (P=0.33), Indiar=-0.04
(P=0.89)). EQ-5D ‘pain or discomfort’ was also not correlated with
SanQol-5(Kenyar=-0.08 (P=0.06),Indiar=-0.033 (P=0.26)).Cron-
bach’s a ranged from 0.73 to 0.92 per country (0.85 in pooled data),
indicating good internal reliability (Supplementary Information E).

Itemresponse theory

Inthe pooled and country-specificitem response theory (IRT) models,
category characteristic curves show a distinct peak for the ‘sometimes’
level acrossall attributes (Supplementary Information F), confirming
that it is appropriate to maintain three-level attributes rather than
binary. The item information functions show that all attributes are
giving good information across the construct (theta) with privacy and
shame providing more information than the others (Supplementary
Information F). The five attributes have similar ‘difficulty’ (no Guttman
ordering), which feedsintoasmooth testinformation function covering
the breadth of the construct. Neither the pooled nor country-specific
models raise any concerns.

Measurementinvariance

With 5 attributes and 15 possible comparisons among 6 countries,
there were 75 possible instances of differential item functioning (DIF).
Among these, seven (9%) exhibited DIF in ordinal logistic regression
that was ‘meaningful’, following the widely used® cut-off of 2% increase
in pseudo-R? (Supplementary Information G). This provides good
evidence of equivalent measurement and meaning across countries.
While further assessment of DIF in larger representative samples is
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Table 2 | Respondent and toilet characteristics

Ethiopia (n=1,586)

India (n=1,213)

Kenya (n=1,000)

Malawi (n=1,400)

Mozambique (n=601)

Zambia (n=365)

Milieu 81% rural 87% rural 71% rural 100% rural 0% rural 100% rural
Demographic characteristics
Respondent is female 829 (52%) 607 (50%) 514 (51%) 1167 (84%) 330 (55%) 182 (50%)
Respondent age (mean, s.d.) 41.8 (13.6) 34.8 (10.8) 35.3(13.1) 39.9 (16.1) 40.4(16.4) 43.3(15.6)
Aged 18-29 286 (18%) 430 (35%) 212 (41%) 401(29%) 205 (34%) 80 (22%)
Aged 30-44 663 (42%) 518 (43%) 338 (34%) 529 (38%) 182 (30%) 129 (35%)
Aged 45-59 419 (26%) 229 (19%) 194 (19%) 275 (20%) 11(18%) 91(25%)
Aged 60+ 217 (14%) 36 (3%) 56 (6%) 187 (13%) 103 (17%) 65 (18%)
Household size (mean, s.d.) 5.3(2.1) 6.2 (3.0) 47(2.6) 45(1.7) 5.3(2.5) 5.8 (3.0)
Completed primary school or 722 (91%)° 865 (71%) 853 (85%) 1,256 (90%) 399 (66%) 258 (71%)
above
Piped water on-premises 469 (30%) 114 (9%) 287 (29%) 4(0.3%) 358 (60%) 17 (5%)
Sanitation characteristics
Toilet type
Flush or pour-flush toilet 5(0.3%) 784 (65%) 209 (21%) 1(01%) 195 (32%) 5 (1%)
Pit latrine with concrete slab 219 (14%) 0 (0%) 563 (56%) 194 (14%) 301(50%) 61(17%)
Pit latrine with wood/soil slab 961 (61%) 0 (0%) 195 (20%) 1,159 (83%) 47 (8%) 254 (70%)
Open defecation 401 (25%) 429 (35%) 32 (3%) 46 (3%) 58 (10%) 45 (12%)
Toilet shared with other 187 (16%) 87 (12%) 349 (36%) 825 (62%) 153 (28%) 127 (40%)
households®
Toilet has solid walls® 358 (30%) 781(99%) 762 (82%) 961(72%) 430 (72%) 218 (81%)
Faeces not observed on pan/slab® 656 (81%) 593 (75%) 631(78%) 1,088 (82%) 579 (96%) 254 (94%)
Pan/slab is concrete, porcelain 220 (19%) 784 (100%) 769 (80%) 195 (15%) 496 (91%) 64 (20%)
or similar®
Water seal is present (flush or 5(0.4%) 801 (100%) 209 (21%) 1(0.1%) 195 (36%) 5(2%)
pour-flush)®
Toilet has inside lock® n/a 612 (78%) 74 (77%) 65 (5%) 152 (28%) 6 (2%)

Data are n (%) for categorical variables and mean (s.d.) for numerical variables. Percentages for categorical variables are the percentage of those with non-missing data for that variable. n/a =
not applicable. ?In Ethiopia, data are for highest level of education ‘reached’ rather than ‘completed’, and the question was randomized to be asked of only half the sample. "Only observed or

asked for toilet users.

recommended, these results broadly support the cross-cultural com-
parability of SanQoL-5.

Comparing question framings

Analyses comparing the old question framings to the current framings
(Table1)in Ethiopiaand Zambiasupport use of the current questions,
where ‘always’ is the worst outcome. A higher proportion of hypoth-
esized variables had statistically significant associations in both coun-
tries (Ethiopia and Zambia) under the current questions. In no area
did the old questions perform better (Supplementary Information H).

Discussion
This study evaluated multiple aspects of validity and reliability of a
five-attribute Sanitation-related Quality of Life index (SanQoL-5), using
rigorous psychometric methods across six countries in diverse rural
and urban settings. The SanQoL-5 questions are short and simple, and
together take around 1-2 min to administer. The SanQoL-5 covers a
breadth of what people value about sanitation: avoiding disgust, avoid-
ing shame, avoiding disease risks, having safety and having privacy.
Rather than focusing on toilet types like SDG 6, the SanQoL-5 index
captures people’s sanitation-related experiences.
Ourstudyincluded populations using a variety of sanitation types
inrural and urban settings in six countries, with SanQoL-5 responses
covering the full range of attribute levels (Fig. 1). We have presented
evidence for different types of validity and reliability generated using

these datasets, and our findings on measurement invariance support
cross-cultural comparability. We believe that SanQoL-5 can be widely
applied with adults, but at this stage there is good evidence of validity
onlyin African countries and northernIndia. Validationis a continuous
process, even for long-established measures”. Further exploration
of the validity of SanQoL-5 in other world regions is required, and
we recommend that piloting and/or cognitive interviews ideally be
undertaken before application in new settings or languages®. We
also recommend that users of SanQoL-5 undertake their own valid-
ity and reliability assessments, wherever possible. There was prior
evidence of test-retest reliability™, although further exploration of
this is needed, and future studies should also investigate predictive
validity (for example, SanQoL-5 at one timepoint ‘foretelling’ some
subsequent outcome). Translations in several languages are available
atwww.SanQolL.org. Before this study, an earlier version of SanQoL-5
had been validated in one setting (urban Mozambique). Improve-
ment of the questions based on mixed-methods research in multiple
countries resulted in the updated version of SanQoL-5 that we have
evaluated here, whichis easier to understand and performed better in
head-to-head comparisons (Supplementary Information H).
Thereare several possible applications of the SanQoL-5index. First,
SanQol-5canbe used asan outcomeinimpact evaluation (forexample,
differences compared with a counterfactual), asalready doneinseveral
studies® . Second, it can be used in the monitoring and evaluation of
programmes (for example, differencesinagroup over time). SanQoL-5
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was already used for this purpose by the non-government organiza-
tions World Vision and Water & Sanitation for the Urban Poor, and in
a high-frequency monitoring study of container-based sanitation®.
Third, it canbe used in needs assessment, for example characterizing
the scale and nature of sanitation problemsin a population. Fourth, it
canbeused in economic evaluation of sanitation programmes, asina

a Percentage of sample b Percentage of sample
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Disgust 248l 520 806 Disgust [196] 285 731
Disease Gi6N 638 616 Disease 12720 313 626
Safety [2871 537 746 Safety 12260 239 747
Shame [2581 431 881 Shame 112891 205 78
Privacy 12781 533 759 Privacy 12871 182 743
Always Sometimes Never Always Sometimes Never
c d f
Percentage of sample Percentage of sample
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Disgust 38 367 583 Disgust 1296 669 435
Disease [i6i1 383 442 Disease 1382 624 394
Safety 60 211 74 Safety 208 641 556
Shame 48147 796 Shame [ig8 322 895
Privacy 78 198 710 Privacy 2281 312 860
Always Sometimes Never Always Sometimes Never
e Percentage of sample f Percentage of sample
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Disgust 79 272 250 Disgust 152 162 151
Disease 241 247 12 Disease g0 172 102
Safety 188 210 253 Safety 670 114 193
Shame [i20 153 336 Shame 481 113 203
Privacy 1189 196 266 Privacy |48l 105 212
Always Sometimes Never Always Sometimes Never

Fig. 1| Distributions of SanQoL-5 attribute levels by country. a, Ethiopia,
n=1,570.b, India, n=1,212.c,Kenya, n=988.d, Malawi, n =1,400. e, Mozambique,
n=60L1.f, Zambia, n=365.

cost-effectiveness analysisin Mozambique®* and abenefit-cost analysis
in progress in Malawi”. It is for this economic purpose that SanQoL-5
was designed as a weighted index®, thereby capturing the value of
sanitationto people. This design feature was a necessary condition for
allowing SanQoL-5 gains to be given monetary value in benefit-cost
analysis, based on willingness to pay.

Inall of these uses, SanQoL-5 provides complementary subjective
information to objective ‘quality of service’ measures (for example,
roof or wall quality in the ‘sanitation quality index”*). Subjectivity isa
characteristic of all quality of life measures™®. It can be helpful to know,
for example, whether people’s subjective perception of disease risk has
changed as aresult of a programme, as compared with actual disease
cases. These two things may not always be closely related™.

In all six settings evaluated here, people with progressively
higher levels of sanitation service tended to have progressively higher
SanQol-5 (Fig. 2). This is evidence of known groups validity but also
demonstrates the potential of SanQoL-5to evaluate relative QoL gains
arising from different sanitation programmes and policies. There
was diversity of SanQoL-5 experience within each sanitation service
category (Fig. 2). This is unsurprising because each contains a variety
ofindividuals with their own characteristics and experiences, as well as
toilet subtypesin different states of condition, noting the conceptual
model underlying SanQoL-5 (ref. 4).

Sharingtoilets with other householdsis often assumed to deliver
worse outcomes than private toilets®”. On the one hand, therefore,
it was unexpected that the variable for sharing was not statistically
significantly associated with SanQoL-5in Ethiopiaand Zambia. Onthe
other hand, these samples were predominantly rural (81% and 100%,
respectively), and it is plausible that any negative consequences of
sharing are more acute in dense urban settings. Sharing toilets may be
more palatablein sparsely populated rural areas with smaller numbers
of sharing households. Among those who shared toilets, the median
number of households sharing was 2 in all countries (predominantly
rural settings) except Mozambique (urban) where it was 3. Further
explorationinurban settings of the relationship between sharing and
SanQolL-5isrequired.

Table 3 | P values on coefficients for hypothesized associations in GLMM regressions, individually and concurrently

Ethiopia (n=774) India (n=789) Kenya (n=796) Malawi(n=1,328) Mozambique (n=539) Zambia (n=268)

ind. conc. ind. conc. ind. conc. ind. conc. ind. conc. ind. conc.
Hypothesized to be associated with SanQoL-5
Toilet has solid walls <0.001 0.001 n/a (<1% don’t have) 0.157 0.572 <0.001 <0.001 <0.001 <0.001 0.015 0.047
Faeces not observed 0.002 0.004 0.020 0.057 0.001 0.006 <0.001 <0.001 n/a (4% have) n/a (6% have)
on pan/slab
Pan/slab is concrete, <0.001 <0.001 n/a(0% don’thave) n/a (water seal n/a (14% have) n/a (9% don't have) 0.035 0.062
porcelain or similar overlap)
Water seal present n/a (<1% have) n/a (0% don't have) 0.004 0.062 n/a (<1% have) <0.001 <0.001 n/a(2% have)
(flush or pour-flush)
Toilet has inside lock n/a <0.001 <0.001 0.005 0.047 n/a (5% have) <0.001 0.006 n/a (2% have)
Toilet not shared with 0.092 0.718 n/a (11% share) <0.001 0.001 <0.001 <0.001 <0.001 <0.001 0.789 0.522
other households
Any toilet versusopen  <0.001 n/a <0.001 n/a n/a n/a n/a n/a n/a n/a n/a n/a
defecation (OD 4%) (OD 3%) (OD10%) (OD12%)
Negative controls
Partner 0.861 n/a 0.018 n/a 0.269 n/a 0.923 n/a n/a n/a n/a n/a
Household size 0136 n/a 0.513 n/a 0.197 n/a 0.310 n/a 0.946 n/a 0.666 n/a

Individual (ind.) models regressed on SanQoL-5 index values and the indicated variable. Concurrent (conc.) models regressed on all hypothesized variables at once. P values less than 0.10 are
emboldened, expect for negative contols where P values greater than 0.10 are emboldened. N per country is the sample for the concurrent results, and less than the full sample per country
because of missing data (for example, no toilet observations for people practising open defecation). ‘Any toilet versus open defecation’ is not included in concurrent models because it would
result in zero observations (those practising OD have no data for toilet variables). We assessed a covariate for a given country only if 215% of the sample with non-missing data was in each
category, to ensure a minimum of statistical power. No adjustments were made for multiple comparisons. Full regression output for concurrent models is in Supplementary Information C
alongside P values to further decimal places and exact P values for P<0.001. All statistical tests are two-tailed.
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Fig.2|SanQoL-5index kernel density distributions by toilet type. a, Ethiopia. b, India. ¢, Kenya. d, Malawi. e, Mozambique. f, Zambia.

SanQolL-5 has thus far only been used in adult populations, but it
could be usefulin adolescent or child populations, for example, in the
context of school sanitation as well as households. About one-sixth of
the world’s population are adolescents, who may experience sanita-
tion in different ways to adults®*°. Further work on content validity
and ease of understanding is required for its use among children and
adolescents. Questions may also need amending, as in the youth ver-
sion of the EQ-5D*..

The SanQolL-5 captures five dimensions of sanitation-related
quality of life and makes no claim to measure all aspects of
sanitation-related QoL that may be important. Users requiring more
granularity mightinclude other longer measures alongsideit. For exam-
ple, scales in the Agency, Resources, and Institutional Structures for
Sanitation-related Empowerment (ARISE) family capture many aspects
of sanitation-related QoL among womenin more detail, but withalarge
number of questions that take more time** Users are reminded that
SanQolL-5 development followed design principles common in meas-
ures for economic evaluation®, with attributes selected for content

validity? rather than based on factor analysis. As with any measure
developmenteffort, alternative methods might have delivered a differ-
entinstrument. As above, we recommend measuring quality of service
alongside QoL outcomes®,

A priority for future research is a more detailed exploration of
which toilet types or characteristics are associated with the biggest
gains in SanQoL-5, to inform policy and programming decisions. A
further priority is the investigation of gender differences in SanQoL-5
(in particular, intrahousehold differences), as investigated for water
and food security*>**. A strength of SanQoL-5 is that it is applicable
to any gender, meaning it can identify gaps or inequalities between
women and men.

Strengths of our study include the diversity of countries, ruraland
urban milieus and toilet types used, as well as the variety of analytical
methods for assessing different aspects of validity and reliability.
Limitations include that data were not collected for some aspects of
reliability, for example test-retest, although this was assessed in the
earlier SanQoL-5 study'. Responsiveness of SanQoL-5 to changes in
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sanitation services over time could also not be assessed in this study,
although it was demonstrated in an earlier study*. Other limitations
includethat, although samples were large enough for validity and reli-
ability assessment, they werein relatively small geographic areas within
each country (apart fromKenya, which was nationally representative).
Furthermore, no high-income countries were included, but evidence
suggests that there may be sanitation-related quality of life deficitsin
those countries (e.g., among groups often excluded from sanitation
services owing to poverty or discrimination)*.

The SanQoL-5index provides a short and simple measure captur-
ing the outcomes people value about sanitation, which are also what
often motivate toilet purchases and upgrades. A single overall score,
combining five important experiences, is practical for assessing the
impact of sanitationimprovements. Monitoring for SDG 6 focuses on
toilet types, but achieving and sustaining progress on sanitation will
require efficient resource allocation, which takes account of people’s
experiences, too. Understanding which programme designs and tech-
nologies are associated with the largest gains in SanQoL-5 can help
to target investments to where they will see the greatest uptake and
economicreturns.

Methods

Study settings

We use data from previous studies in Ethiopia, India, Kenya, Malawi®,
Mozambique* and Zambia. The Ethiopiasample comprised 1,586 peo-
ple from 24 communities (81% rural) across six districts (woredas) in
threeregions of the country. The Indiasample comprised 1,213 people
from 60 communities (87% rural) representative of two states (Bihar
and Uttar Pradesh), specifically two people (one male, one female)
per householdin 607 households. The Kenyasample comprised 1,000
people from 60 communities (71% rural) in a nationally representa-
tive sample of 600 households with a secondary respondent in 400
households. The Malawi sample comprised 1,400 people from 70 rural
villages in Chiradzulu district. The Mozambique sample comprised
601 people, half from 24 urban blocks (quarteirées) in Maputo City and
halffrom 18 blocks in the large town of Dondo in Sofala province. The
Zambia sample comprised 365 people from nine rural villages in the
Chongwe district. Our final sample includes 6,165 households across
thefour sites, representing heterogeneous geographies, cultures and
sanitation infrastructure availability. Random sampling of households
was used in different ways in all sites. Further details of underlying
studies are in Supplementary Information .

SanQoL-5data and weighting
TheSanQoL-5questions are presented in Table 1. Answers are combined
into asingle score ranging from 0 to 1. Higher SanQoL-5scores are bet-
ter, with1denoting ‘full sanitation capability’ (maximum QoL) and 0 ‘no
sanitation capability’ (minimum QoL). With a three-level response to
eachofthefive questions, there are 243 (= 3°) possible combinations of
SanQolL-5attributelevels. The rationale for non-equal weightsis that, in
agiven population, reduced disgust might hold greater value for people
onaverage thanimproved privacy. These preferences areimportant to
accountforintheeconomicapplications that SanQoL-5is designed for,
forexample, benefit-cost analysis*. Therefore, rather than assuming
that disgust has the same value as privacy, preferences canbe elicited
from the relevant population using methods such as discrete choice.
Because the weights are elicited from people themselves, the SanQoL-5
index represents the value of sanitation to people in that population.
The set of preference weights for the 243 attribute combinations
isknown as a value set. Four of our studies apply value sets generated
within the study, using a discrete choice experiment (Mozambique),
attribute scoring (Malawi) and attribute ranking (Ethiopia and Zambia)
(Supplementary Information}). TheIndia and Kenya samples apply the
discrete choice experiment value set. The SanQoL-5indexrepresentsa
given population’s relative valuation of the attributes, so weights are

typically slightly different in different countries, as with health-related
QoL indices such as EQ-5D*.

Overall study design

We apply a combination of classical test theory and IRT to assess dif-
ferent aspects of validity and reliability. First, we assessed construct
validity—whether an instrument measures the construct it intends
to measure. We took a predictive approach to construct validity, by
testing hypotheses about how SanQoL-5 would covary with hypoth-
esized variables. Second, we assessed convergent validity—whether two
instruments aiming to measure similar constructs are correlated (an
aspect of construct validity). We assessed this by correlation between
SanQol-5 and a SanVAS with scores ranging from 0 to 100 (Supple-
mentary Information D)*. We used Spearman’s rank correlation (r)
because, like EQ-5D index values*, SanQoL-5 index values are not usu-
ally normally distributed in agiven population. We hypothesized that
there would be moderate correlation (0.4 > r<0.6), following norms
for health VAS®®. Third, we assessed discriminant validity (the opposite
conceptto convergent) by correlation between SanQoL-5and the two
EQ-5D questions (on mobility and pain) included in the Indiaand Kenya
questionnaires”. We used Spearman’s rank correlation for the same
reason, hypothesizing no correlation (r = 0). Fourth, we assessed known
groups validity—whether aninstrument can discriminate between two
groups expected to differ in terms of the outcome (another aspect of
constructvalidity). We explored this by assessing whether people with
higherlevels of sanitationservice tended to have higher SanQoL-5index
values. Finally, we assessed internal reliability—how consistently differ-
entquestionsinameasure capture the same construct®. We assessed
internal reliability using Cronbach’s @ (>0.7)* and item-total correlation
(>0.4)". Instatistical tests, P < 0.05in a two-tailed test was considered
statistically significant evidence of association.

Hypotheses for construct validation

We prespecified hypotheses about the presence of associations
between SanQoL-5 index values and a set of toilet characteristics
(hypothesized variables)** . These were predominantly fieldworker
observations of toilet characteristics including: walls being solid;
faeces notbeing observed onthe pan/slab; the pan/slab being concrete
or similar; a water seal being present; the toilet having an inside lock;
and the toilet not being shared with other households. Variables were
binary coded such that positive regression coefficients are hypoth-
esized (1=Dbetter outcome, O = worse). For example, we hypothesized
that solid walls are more likely to provide privacy and safety than make-
shift or absent walls, and solid walls would have a positive correlation
with SanQoL-5. In making hypotheses, we drew on the literature on
sanitation and mental well-being, as well as motives for sanitation
behaviours'”'®, Further details and rationales for hypothesized vari-
ables are provided in Supplementary Information K.

Wealsoincluded negative controls hypothesized not tobe strongly
associated with SanQoL-5 (ref. 56), namely household size and whether
the respondent had a partner. These are imperfect, because we were
limited by what was asked in the original surveys. For example, house-
holdsize could influence SanQoL-5if it means more people are sharing
atoilet. However, we would not hypothesize household size to be a
strong predictor of SanQoL-5insamples of only around 1,000 people.

Construct validity analyses were completed for each country
separately. We assessed a binary variable for a given country only if
>15% of the sample with non-missing data was in each category, to
ensure a minimum of statistical power. We tested hypotheses using
generalized linear mixed models (GLMMs) in Stata 18. In India and
Kenya, where there were two respondents per household, we used
three-level GLMMs with random effects at the household and com-
munity level. In other countries, we used two-level GLMMs, with the
exception of Zambia where there were only nine clusters, so we used
wild bootstrap inference withlinear regression®’. We clustered standard
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errors atthe community level. Weregressed on SanQoL-5index values
per country, including as a covariate each hypothesized variable in
turn. We also explored the consequences of accounting for covariance
betweentoilet characteristics, by including all hypothesized variables
as covariates concurrently.

Itemresponse theory

We used the graded response model (GRM) to assess the psychometric
properties of each attribute and its contribution to the information
function for unweighted SanQoL-5. GRM is widely used in the evalu-
ation of health-related QoL measures because it allows polytomous
variables, that is, with multiple attribute levels***’. GRM is not part of
the Rasch family because it allows discrimination to vary across items™.
For IRT analyses, we pooled data across countries, as well as running
models forindividual countries where n >1,000 (Ethiopia, India, Kenya
and Malawi)®. Based on the GRM, we present item information and
testinformation functions, as well as category characteristic curves.

Measurement invariance via DIF

For measures to be compared across countries or settings, it is
important that there is equivalence of measurement and meaning.
We explored measurement invariance using DIF by ordinal logistic
regression because SanQolL-5 attributes are polytomous. Specifically,
we followed the approach of Penton et al.” based on level sum scores
(LSS), as recommended for EQ-5D. LSS is the sum of attribute level
scores and can be thought of as an unweighted SanQoL-5 index score
(Supplementary Information G). With 6 countries, there were 15 pos-
sible country pairs. With 5 attributes, there were 75 possible instances
of DIF overall. For each of the 15 pairs, we ran 2 models. For model 1, we
ran ordinal logistic regression on each attribute score (ranging from
0to 2) for those two countries only, including LSS as an independent
variable. In model 2, we ran the same regression but also including a
dummy variable for the two countries (for example, O for Kenya and
1India). We calculated the difference in pseudo-R? between models
land 2, interpreting a difference of >2% as ‘meaningful’ DIF between
those two countries (if the coefficient on country dummy had P < 0.05).
This is the same cut-off used by Penton et al.** and earlier authors®**,
We took the more conservative approach by not first ‘purifying’ LSS
assome studies do®’.

Comparing question framings

Inthe first two studies in which the SanQoL-5was used'**, the questions
had been framed such that ‘always’ was the best outcome. For example,
‘Can you use the toilet without feeling disgusted?’. Mixed-methods
cognitive and piloting work in support of the Zambia study identified
this framing as challenging to understand in local languages without
further explanation (as well as other languages spoken by the team,
for example, Hindi). To facilitate a comparison, we included the old
(‘always = best’) questions alongside the new/current question fram-
ing (Table 1) inZambia. A third of the Ethiopia sample (n = 506), which
undertook fieldwork at a similar time, were also asked both sets of
questions. A further analysis in our present study was therefore com-
paring the performance of the ‘always = best’ and ‘always = worst’
framings, using the same validity and reliability methods as above.
For example, we tested the construct validity hypotheses under the
two question framings for the five SanQoL-5 attributes and compared
results. For afair comparisonin Ethiopia, we compared results only for
the n=506 who completed both question formulations (rather than
the fulln=1,586 sample)

Ethics

The Malawi study received prior approval from the National Com-
mittee on Researchin the Social Sciences and Humanities (ref: NCST/
RTT/2/6) in Malawi. The Mozambique study received prior approval
from the Comité Institucional de Etica do Instituto Nacional de Saide

(ref: 028/CIE-INS/2023) in Mozambique. The Zambia study received
prior approval from the University of Zambia Biomedical Research
Ethics Committee (ref: UNZA-1389/2020). The India study received
prior approval from Convergent Institutional Review Board (ref: 2023-
24/019) in India. The Kenya study received prior approval from the
AMREF Ethical and Scientific Review Committee (ref: P1508-2023) in
Kenya. The Ethiopia datawere collected as part of aninternal evaluation
by World Vision, who secured aprior approval letter from each district
sampled for data collection. Use of the Ethiopia data was approved by
the London School of Hygiene & Tropical Medicine (LSHTM) because
anonymized data had been made openly available online by World
Vision at https://osf.io/x5myz/ before this study commenced. The
protocol covering Ethiopia and Zambia was approved by the LSHTM
MSc Research Ethics Committee (Ref: 29049), while the LSHTM
Observations/Interventions Research Committees approved the stud-
ies in India/Kenya (ref: 29640), Malawi (ref: 28249) and Mozambique
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pants before studies commenced. Participants were not compensated
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pants were given a paper calendar. This study was performed in line
with the principles of the Declaration of Helsinki.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
Datasets toreproduceresults for all countries are available viathe Open
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Code availability
Codetoreproduceresultsisavailable viathe Open Science Framework
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Reporting on sex and gender In the countries these data were collected (especially in face-to-face surveys as we have done) it is generally considered
inappropriate to ask people about their gender identity. Instead, fieldworkers assign a gender to the participant based on
how they present in relation to local gender norms. Hence we refer to gender and not sex. Samples were approximately
gender-balanced in all countries apart from Malawi, where 83% of respondents were women. Overall findings therefore
apply to women and men. Gender is a variable in all 6 datasets (available online — see above). In this manuscript, the aim is to
investigate validity in broad and diverse samples, so relatively equal numbers of women and men is desired. It is not common
in validity research to investigate for sub-groups separately. Therefore, we do not undertake gender-based analyses in this
study. Gender inequality in outcomes is a completely different matter, and is discussed in the manuscript as a future research
priority.
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groupings

Population characteristics See "Behavioural & social sciences" questions

Recruitment Recruitment varied across the 6 underlying secondary datasets. In general, however, the fieldworker would knock at the door
of a household and enquire whether someone was available to be interviewed. If the protocol included quotas (e.g. 50/50
men/women, or by toilet type, as in Mozambique) then a person fitting the quota would be asked for. It is plausible that
people who were more likely to be at home at the time of interview were more likely to be selected than the general
population. We are not conducting an intervention trial, and achieving approximate gender balance was our main concern,
which was achieved.

Ethics oversight The Malawi study received prior approval from the National Committee on Research in the Social Sciences and Humanities

(ref: NCST/RTT/2/6) in Malawi. The Mozambique study received prior approval from the Comité Institucional de Etica do
Instituto Nacional de Saude (ref: 028/CIE-INS/2023) in Mozambique. The Zambia study received prior approval from the
University of Zambia Biomedical Research Ethics Committee (ref: UNZA-1389/2020). The India study received prior approval
from Convergent IRB (ref: 2023-24/019) in India. The Kenya study received prior approval from the AMREF Ethical and
Scientific Review Committee (ref: P1508-2023) in Kenya. The Ethiopia data were collected as part of an internal evaluation
by World Vision, who secured a prior approval letter from each district sampled for data collection. Use of the Ethiopia data
was approved by LSHTM since anonymised data had been made openly available online by World Vision at https://osf.io/
x5myz/ before this study commenced. The protocol covering Ethiopia and Zambia was approved by the LSHTM MSc Research
Ethics Committee (Ref: 29049), while the LSHTM Observations/Interventions Research Committees approved the studies in
India/Kenya (Ref: 29640), Malawi (Ref: 28249) and Mozambique (Ref: 28190).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description Quantitative cross-sectional

Research sample The sample is 6,165 people across rural and urban areas of six countries. Ethiopia (n=1,586), India (n=1,213), Kenya (n=1,000),
Malawi (n=1,400), Mozambique, (n=601), Zambia (n=365). Women are 50-55% of participants in all countries except Malawi (84%).
The mean age ranges from 35-43 across the countries — full age categorisation is reported in Table 2. All data were secondary
datasets collected for different purposes as outlined in the methods section.

The Ethiopia sample comprised 1,586 people from 24 communities (81% rural) across six districts (woredas) in three regions of the
country. Data were collected by World Vision.

The India sample comprised 1,213 people from 60 communities (87% rural) representative of two states (Bihar and Uttar Pradesh),
specifically two people (one male, one female) per household in 607 households. Data were collected by OPM India.

The Kenya sample comprised 1,000 people from 60 communities (71% rural) in a nationally representative sample of 600 households
with a secondary respondent in 400 households. Data were collected by Ipsos Kenya.

The Malawi sample comprised 1,400 people from 70 rural villages in Chiradzulu district. Data were collected by the Malawi University
of Business and Applied Sciences

The Mozambique sample comprised 601 people, half from 24 urban blocks (quarteirdes) in Maputo City and half from 18 blocks in




Sampling strategy

the large town of Dondo in Sofala province. Data were collected by the Instituto Nacional de Saude..
The Zambia sample comprised 365 people from nine rural villages in the Chongwe district. Data were collected by the Centre for
Infectious Disease Research in Zambia

Since in all countries, sample sizes were selected for the purpose of the original study, no sample size calculation is appropriate for
the purpose of our study. A minimum of 200 participants is often recommended for construct validity testing (Fayers & Machin,
2016), and sample sizes in all countries exceed this. Further details of sampling strategy in each country follows below.

Ethiopia

Study Design

The Ethiopia study was a cross-sectional survey to assess the reach of Water, Sanitation and Hygiene (WASH) Business Centres
(WBCs) on household level access to WASH resources. A report ranking WBCs was used to select six WBCs, which are based in the
main town of a district (woreda). Three high-performing and three medium-performing WBCs were selected, two in each of three
regions of Ethiopia. In each of the six sampled districts, four communities (kebeles) adjacent to and including the WBC community
were sampled, leading to a total of 24 communities. Data were collected by World Vision Ethiopia.

Participants

A total of 1586 households were sampled (81% in rural areas), employing systematic random sampling of every fifth household,
starting from the centre of the community. The inclusion criteria for participants were: (A) aged 18 years and above; (B) self-reports
as the main decision maker regarding toilet construction and maintenance; (C) resident in sampled community; and, (D) available and
willing to be interviewed. No sample size calculation was undertaken.

India

Study Design

The India study was a cross-sectional survey to evaluate intra-household gender differences in SanQoL-5. Thirty enumeration areas
(EAs) were randomly sampled in each state (60 in total), accounting for level of urbanisation and agro-climatic zones (3 in Bihar, 5 in
UP). In Bihar, three districts (Bhojpur, Darbhanga and Sheohar) were randomly sampled and, within each, nine rural EAs and one
urban EA. To sample the rural EAs in each district, Primary Health Centres were sampled and, from each, one Sub-Centre was
sampled. From each Sub-Centre catchment, two villages were sampled. To sample an urban EA in each district, a ward within the
district headquarters was randomly sampled. In UP, five districts (Azamgarh, Bijnor, Farrukhabad, Hamirpur, and Rae Bareilly) were
randomly sampled and, within each, five rural EAs and one urban EA. These states were selected because of their diversity in types of
sanitation. The sample for primary respondents aimed to be representative of each state. Data were collected by OPM India.

Participants

A total of 1,213 people were sampled from 607 households (87% in rural areas) across two states (Bihar and Uttar Pradesh). Eligible
primary respondents were anyone aged 18 or over available to be interviewed, with a 50/50 quota of women and men per
enumeration area. The total number of residential dwellings was determined via the village head or ward counsellor, and that
number divided by 10 (primary respondents per EA) to determine the sampling interval. The first household was sampled near a
prominent landmark, and subsequent households sampled in a clockwise direction. Where there was >1 eligible respondent, a “next
birthday” rule was used. Eligible secondary respondents were someone of the opposite sex to the primary respondent, but resident
in the same household. The person closest in age as possible to the primary respondent was sampled.

Kenya

Study Design

The Kenya study was a cross-sectional survey to evaluate intra-household gender differences in SanQoL-5. Sixty enumeration areas
were randomly sampled to be nationally representative. The first stage was to undertake a stratified random sample of sub-counties
to reflect the national urban/rural population distribution (71% rural). For example, 6 sub-counties were sampled from Nairobi city,
and 3 from Nakuru, which are amongst the most populous and urbanised counties. Only 1 sub-county was sampled from each of
Vihiga and Garissa, which are amongst the smaller counties by population. The enumeration areas were villages or urban blocks, and
60 randomly sampled within sub-counties, with 10 households on average sampled per enumeration areas (10¥60=600). Of Kenya's
47 counties, 36 were randomly sampled and EAs sampled within them. Data were collected by Ipsos Kenya.

Participants

A total of 1,000 people were sampled from 600 households (71% in rural areas) in a nationally representative sample of 600
households with a secondary respondent in 400 households. Eligible primary respondents were anyone aged 18 or over available to
be interviewed, with a 50/50 quota of women and men per enumeration area. Eligible secondary respondents were someone of the
opposite sex to the primary respondent, but resident in the same household. The person closest in age as possible to the primary
respondent was sampled.

Malawi

Study Design

The Malawi study was a controlled before-and-after (CBA) trial, with the present study using data from the baseline survey. The study
included 3 Traditional Authorities (TAs), or sub-districts, in Chiradzulu district. For the first and second TAs (which were to receive the
intervention), 20 clusters (villages) were randomly selected each. In the third TA (control) 30 clusters were randomly selected. Data
were collected by the Malawi University of Business and Applied Sciences.

Participants

In each cluster, 20 households randomly selected in March-April 2023, providing a total of 1400 households. Inclusion criteria were
that households needed at least one adult aged 18 who able to provide consent, and the head of the household needed to be a
permanent resident.

Mozambique
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Study Design

This study was primarily designed as a discrete choice experiment to explore how people trade off attributes of SanQolL. The study
took place in the city of Maputo (population 1.1 million) and the large town of Dondo (population 100,000). Neighbourhoods
(bairros) of the two conurbations selected on the basis of achieving a diversity in type of toilet used. Neighbourhoods selected in
Maputo were both in the Polana Canigo area, while those in Dondo were Macharote and Nhamainga. Data were collected by the
Instituto Nacional de Saude.

Participants

The study aimed to achieve gender balance and diversity in toilet type. The study population was adults aged 18+. In Maputo,
households were sampled based on data from the Health and Demographic Surveillance System (HDSS) in Polana Canigo. The study
team generated lists of households according to HDSS data on toilet type. They then visited households in order of a randomly
reordered list until quotas by toilet type and gender were reached, in April-May 2023. In Dondo, a similar approach was followed
based on sanitation data from the Census of the Catchment Population.

Zambia

Study Design

The study in Zambia was a cross-sectional study in the Kapululwe area. A two-stage cluster sampling design was used in which the
first stage consisted of selecting nine villages based on probability proportion to size. Data were collected by the Centre for Infectious
Disease Research in Zambia.
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Participants
40 households were sampled from each village in March-April 2021, by sampling every other household after spinning a pen to
identify the initial direction. 365 households were selected in total.

Data collection Data collection was via tablet computers, using OpenDataKit software or similar. It was not intended that anybody was present
except the participant and researcher, but we cannot exclude the possibility that children or family members were sometimes
listening. There was no experimental condition. Fieldworkers were not aware of the hypotheses we test in the present study, but
they knew the studies were about sanitation.

Timing Ethiopia: December 2021 - January 2022
India: November - December 2023
Kenya: December 2023 - January 2024
Malawi: March - April 2023
Mozambique: April - May 2023
Zambia: March - April 2021

Data exclusions We did not exclude any participants.

Non-participation We do not have data on response rate for many of the secondary datasets, with the exception of Mozambique where it was 99%.
People in predominantly rural and/or low-income settings are often generous with their time. Since these were cross-sectional
studies there is no "loss to follow-up".

Randomization This is a cross-sectional study, and there are no experimental groups. The rationale for the 6 binary covariates hypothesised to be
associated with SanQol-5 are reported in Supplementary Material K, alongside the exactly wording of the relevant questions. We
only included a covariate in a model for a given country if 215% of the sample with non-missing data was in each category, to ensure
a minimum of statistical power.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies XI|[] chip-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging
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Plants

Seed stocks no plants used - seems an error within form

Novel plant genotypes  no plants used - seems an error within form

Authentication no plants used - seems an error within form
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