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Evaluating the health impact
of urban WASH programmes:
an affordable approach for
enhancing effectiveness
This paper argues for more widespread evaluation of the health
impacts of WASH interventions: not with the aim of demonstrating
that WASH can improve health (we know it can), but rather with
the aim of assessing the impact of particular interventions. We
suggest that more frequent evaluation could contribute to improved
effectiveness, by encouraging investors and implementers to focus on
impacts rather than outputs (such as number of toilets constructed).
More widespread health impact evaluation would also enable more
objective comparative assessment of the value-for-money of different
types of urban WASH intervention. Further, we argue that health
impact evaluation need not be as costly as is widely thought. We
discuss available methods, and suggest that the most appropriate
approach in urban WASH evaluation contexts will often be the
before-after concurrent control (BAC) design.

This Discussion Paper is co-published by Water & Sanitation for the Urban Poor
(WSUP) and the Sanitation and Hygiene Applied Research for Equity (SHARE)
Research Consortium. It is presented at this stage as a basis for sector debate, and
should not be considered a definitive statement of the views of these organisations.
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A. Summary
A key justification for investment in water, sanitation and hygiene (WASH) is to
reduce the burden of diseases transmitted by the faecal-oral route, most notably
child diarrhoea. In dense low-income urban communities with poor water and
sanitation services, there can be little doubt that genuine improvements to WASH
can have a substantial positive impact on health: in other words, there can be little
doubt about the general relationship between WASH and health. However, it seems
likely that many specific WASH interventions do not achieve a significant health
impact, because they do not sufficiently influence disease transmission pathways.
Currently, health impact evaluations are rarely carried out for WASH interventions,
reflecting a widespread perception that they are too expensive.
This paper argues for more widespread evaluation of the health impacts of specific
interventions: not with the aim of demonstrating that WASH can improve health
(we know it can) but rather with the aim of assessing the impact of particular
interventions in specific settings. Affordable methodologies suited to this type of aim
are available but are under-utilised. We suggest that more frequent evaluation of the
health impacts of specific interventions could contribute to improved effectiveness,
by encouraging investors and implementers to focus on impacts rather than outputs
(such as number of toilets constructed). More widespread health impact evaluation
could also enable more objective assessment of the value-for-money of different
types of urban WASH intervention.
This paper does not suggest that health impact evaluations will be appropriate for
all urban WASH programmes; but we do argue that they are more affordable and
more feasible than is widely assumed. We discuss the various available methods,
and suggest that the most appropriate design in urban WASH programme evaluation
contexts will often be the before-after concurrent control (BAC) design. Randomised
controlled trials (RCTs), while clearly the ‘gold standard’ design in some contexts,
will often not be appropriate or feasible for urban WASH programme evaluation.
We offer detailed practical guidance on the BAC design, with particular reference to
achieving acceptable costs and integrating with the logistics of programme planning
and implementation. Finally, we suggest practical ways in which investors and
implementers might cooperate to enable more frequent evaluation of health impacts.
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1. Introduction
1

However, many of the
conclusions of this paper may
be equally applicable to rural
settings and quasi-rural
peri-urban settings.
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This has important implications
for health impact evaluation.
In a neighbourhood-level
intervention to reduce open
defecation (OD) or construct
a sewerage network, we can
expect a given person’s health
to be affected by district-level
impacts of OD reduction or
sewering (i.e. by what everyone
else does), over and above
individual-level impacts due
to that person stopping OD
or connecting to the sewer. By
comparison, household water
treatment (for example) can be
expected to have householdlevel impacts only.

3

However, as further discussed
in Section 7, BAC studies as
outlined here may contribute to
cumulative bodies of evidence
from which generalisable
inferences can be drawn.

A key justification for investing in urban water, sanitation and hygiene (WASH) is to
reduce the burden of diseases transmitted by the faecal-oral route. In particular, WASH
improvements are expected to reduce the high child mortality associated with diarrhoea,
prevent outbreaks of cholera and lessen the impact of debilitating parasitic infections.
As discussed in Section 9 of this paper, reduced disease burden is not the only benefit of
urban WASH interventions; but it is certainly one of the most important benefits.
Nevertheless, urban WASH interventions rarely include health impact evaluation (HIE)
within their evaluation procedures. In the authors’ experience, this reflects a widespread
view that HIEs are too expensive. An influential 1980s report by Briscoe et al. (1986)
stated that rigorous HIEs using “the standard concurrent-control quasi-experimental design”
are extremely expensive; the authors cite a World Bank (1976) report which concluded
that the benefits of HIEs using designs of this type do not justify the very high costs.
However, several more recent publications (notably PREM 2006 and Clasen et al. 2010)
have argued for more frequent evaluation of the health impacts of WASH interventions.
Clasen et al. (2010) point to the value of rigorous observational studies in programme
evaluation contexts.
This Discussion Paper argues, like PREM (2006), that sufficiently rigorous HIE need not
be as prohibitively expensive as is widely assumed. We present practical guidelines on
how to achieve sufficiently valid health impact estimates at reasonable cost, focusing
on one particular study design (before-after with concurrent control). We suggest
that randomised controlled trials (RCTs) will often not be an appropriate choice for
the evaluation needs discussed here, particularly in urban settings. Further, we argue
that there is an additional reason for carrying out HIEs that has not been sufficiently
considered to date: that more frequent evaluation of the health impacts of specific
interventions will tend to encourage more relevant intervention designs, and tend to
favour increased intervention effectiveness.

2. Scope of this paper

· This paper focuses specifically on urban WASH interventions, particularly in settings
with high population density.1

· Within the dense urban context, this paper will focus on community/neighbourhoodlevel interventions, as opposed to household- or individual-level interventions.2

· The primary focus of this paper is on HIE methods that minimise cost while maintaining

adequate rigour: this reflects a primary concern not with “generalisability” (i.e. with
demonstrating in a general sense that sanitation interventions can improve health),
but rather with assessing the extent to which a particular intervention has achieved a
health impact.3

Sections 5 and 6 of this paper discuss study designs, and in particular the before-after
concurrent control (BAC) design, in some technical depth. Readers without a particular
interest in these more technical aspects may prefer to leave these two sections aside:
the central arguments of this paper are covered in the remaining sections.
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3. Impacts of WASH on health
4

5

“First, demonstrating that a
particular WSS [Water Supply
and Sanitation] program yields
health, socioeconomic, and
poverty reduction benefits can be
used to build support for program
expansion or modification.
Second, even though specific WSS
programs show great promise,
they might not work under all field
conditions. Program outcomes
can be highly variable, with some
interventions and programs in
some settings showing little
impact. Good evaluations can
identify why this might happen
and what adjustments can be
made to correct it. Third, if
small-scale WSS projects are to
make an important contribution
to government policy, they need
to be expanded or “scaled up”.
It is important to know what
aspects of these projects lead
to greater or lesser success.
Finally, disseminating results of
WSS outcomes will contribute
to the economic development
community’s broader
understanding of water and
sanitation service delivery tools”.
(PREM 2006, page 2).
That said, we certainly think that
local impact evaluations – in the
words of Briscoe, Feachem &
Rahaman (1986) cited above, “to
assess location-specific causal
relations as a basis for ongoing
investment decisions in the same
location” – are of value not just
for objective decision-making,
but also for political advocacy.

This paper is not a review of previous evaluations of the impact of WASH interventions
on health: for this, the reader is directed to existing systematic reviews including Esrey
(1985), Esrey (1991), Fewtrell (2005), Clasen et al. (2009), Waddington (2009), Clasen
et al. (2010) and Norman et al. (2010). Several of the more recent of these studies
(Fewtrell 2005; Waddington 2009; Norman et al. 2010) have included meta-analyses,
and in all cases the conclusion has been that WASH interventions of different types tend
to substantially reduce disease burden, notably child diarrhoea. However, all systematic
reviews to date have highlighted the methodological difficulties of demonstrating the
health impacts of WASH interventions, the paucity of rigorous evidence from the field,
and the lack of comparability of results from different studies. Indeed, Clasen et al.
(2010) state that “Differences in study populations and settings, in baseline sanitation
levels, water, and hygiene practices, in types of interventions, study methodologies,
compliance and coverage levels, and in case definitions and outcome surveillance limit the
comparability of results.”

4. Why health impact evaluation?
Debates about how to assess, and indeed whether to assess, the health impacts
of WASH interventions have been ongoing since the 1970s (see especially Blum &
Feachem 1983; Briscoe, Feachem & Rahaman 1986; Esrey 1986). Briscoe, Feachem &
Rahaman (1986; pages 12/13) suggest that HIEs may be done a) to assess generalisable
causal relations i.e. aiming for external validity, or b) to assess location-specific causal
relations as a basis for ongoing investment decisions in the same location. PREM
(2006) propose a longer categorisation of possible reasons.4
In this paper, we suggest that the search for a generalisable causal relation between
WASH improvements and health risks is of limited usefulness. In dense low-income
urban communities with poor baseline water and sanitation services, there can be
little doubt that WASH interventions can – if properly implemented – have a substantial
positive impact on health: we can reasonably assume this on the basis of the biological
plausibility of faecal-oral disease transmission, the imperfect but rich evidence of health
impact evaluations to date, and arguably from historical experience. However, to expect
a consistent magnitude of effect (a 10% reduction in diarrhoea incidence? 30%? 75%?)
is clearly unrealistic: the health impacts of WASH interventions can be expected to
vary greatly depending on very diverse factors including local disease ecology, baseline
water and sanitation quality, baseline hygiene practices, and the precise nature of the
intervention.
In fact, there is already an extensive evidence base for the causal relationship between
WASH and diarrhoea, which can be used (and is being used) to convince decisionmakers and the charitable public of the likely health impacts of improving WASH in poor
communities: we suggest that, rather than striving to “demonstrate” these impacts, it
may be more useful to focus on identifying the most efficient means for achieving these
impacts across different contexts.5
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7

The terms output, outcome and
impact refer to different stages
in achievement of the project/
programme goals: for example,
the immediate output of a
sanitation intervention might
be construction of latrines; the
desired outcomes might include
hygienic use of the new latrines;
while the desired eventual
impacts would include improved
health.
If disbursement is on the basis
of the construction output, the
implementing agency (e.g. a
water utility) has strong control
of this output, and therefore
can more readily accept the
risk of not achieving the output
and thus the disbursement. But
disbursement on the basis of
health impact requires the utility
to assume a risk that it may
judge to be insufficiently under
its control; so the utility might
not be prepared to enter into an
OBA agreement.

Secondly, we suggest that there is a very important reason for carrying out HIEs that has
been under-appreciated to date: as a metric and thus driver of programme effectiveness.
If a financing or implementing organisation knows that its performance will be judged on
the basis of health impact, we suggest that this will tend to improve performance in this
regard, at both the design and implementation phases.
We suggest that a requirement to demonstrate health impact may help focus
investment and effort on intervention locations and intervention types that can
genuinely be expected to achieve strong health outcomes. In contrast, implementing
agencies are currently often obliged by governments and donors to express their targets
in terms of indicators like “increase in number of people with improved sanitation”,
and this may sometimes lead to selection of intervention districts on the basis of how
easy it is to meet this type of target, rather than in terms of health priority (Norman
& Pedley 2011). In the case of sanitation in particular, we suggest that more frequent
health impact evaluation would encourage more inclusive district-wide “total sanitation”
strategies: so for example, providing improved toilets for 50% of a district’s population
may be insufficient to achieve substantial health impact if the waste of the remaining
50% continues to contaminate the environment. Likewise, providing improved latrines
for 100% of the district’s population may be of little value if the district still floods twice
a year, leading to widespread latrine overflow.
This approach ties in to ideas of results-based aid (RBA) (see Pearson 2011 and
Trémolet 2011), in which finance is disbursed only after verification that the desired
outputs, outcomes or impacts6 have been achieved. Examples of RBA modalities include
output-based aid (OBA), cash-on-delivery aid (COD) and conditional cash transfers
(CCTs) (Pearson 2011); see also the related concept of Progress-Linked Finance (WSUP/
ODI 2011).
In a typical OBA application in the WASH sector, the implementing agency receives
payment only after verification of satisfactory completion of all outputs. It is conceivable
that the disbursement could be at least partially tied to verified health impacts (as
opposed to more immediate outputs or outcomes); though certainly the implementing
agency might not be prepared to assume this high level of uncontrolled risk.7 A variant
to overcome the uncontrolled risk problem might be to use direct output or outcome
measures as criteria for disbursement, but for bonus payments to be made if health
impact is demonstrated. This could potentially generate incentives for effective
operation and maintenance over time.
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‘‘

There are
many economic
and sociological
factors related
to both WASH
service levels
and disease
burdens

’’

5. Methods of HIE in WASH interventions: an overview
[As noted, Sections 5 and 6 consider technical aspects: the reader without a strong interest
in these aspects may prefer to go straight to Section 7.]
The following section discusses the following candidate study designs for health impact
evaluation:
1) Ecological analyses
2) Case-control and cohort studies
3) Randomised controlled trials
4) Before-after studies
5) Before-after studies with concurrent control
It is often suggested that decisions as to the merit of different WASH interventions
should be based on the “best available evidence”. This makes sense, but only if the often
significant limitations of the best available evidence are adequately recognised. For
example, the association between sanitation and childhood mortality is often studied
using country or state-level data, because data from trials and observational studies
is scarce or unavailable. It is often argued that in this case one should conduct an
ecological analysis, e.g. attempting a linear regression analysis with area-level sanitation
coverage as exposure and area-level child mortality as outcome, and then treating the
result as the “best available evidence”. However, simple ecological analyses of this type
have so many analytical problems that the result cannot be trusted (see overleaf).
Public health decisions should not be based on evidence that must be assumed a priori
to be fundamentally flawed. If no reasonably unbiased evidence is available, the merits
of different interventions are better judged on the basis of biological plausibility, nonhealth benefits, risks of adverse effects, and aspects of scalability and logistics (Ross
et al. 2006; Schmidt & Cairncross 2009). The following description of different HIE
methods for WASH interventions therefore does not aim to identify “the best available
method”, but rather tries to identify methods that can be expected a priori to provide
reasonably unbiased estimates.

5.1 Ecological analyses
Conventional ecological analyses typically use cross-sectional data collected at
the level of the population rather than the individual. For example, one could plot
sanitation or water-access coverage against child mortality or proportion of children
with malnourishment. There are two major problems with this, ecological fallacy and
confounding. Ecological fallacy means for example that sanitation is not related to child
mortality when analysing aggregate data at country or state level, despite an association
between the two found among individual households in each state or country. The
classic example comes from HIV research: the US has both a higher circumcision rate
and a higher HIV prevalence than European countries, which might be taken to suggest
that circumcision increases the risk of HIV; but when we consider individuals (as
opposed to countries), circumcision proves to be protective against HIV.
In the WASH field, however, the main concern with ecological analysis is confounding.
There are many economic, developmental and sociological factors that are related to
both WASH service levels and disease burdens, producing a strong association between
the two that is not entirely attributable to WASH effects. It has been shown theoretically
that there are severe difficulties in accounting for this type of spurious association
by multivariate analysis (Kaufman et al. 1997). The great potential for residual
confounding due to unknown confounders and imprecise confounder measurement
virtually precludes using conventional ecological analysis for the evaluation of WASH
interventions.
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‘‘

Adoption
of WASH
improvements
is highly related
to socioeconomic
status

’’

5.2 Case-control and cohort studies
Case-control and cohort studies are the classic observational study designs. Casecontrol studies in principle can be treated as a special type of cohort study, if one
regards the control group as a random sample of the whole cohort. In each study
type, the study population is divided into [exposed] and [non-exposed], and into
[experiencing the outcome] and [not experiencing the outcome]. In conventional
case-control and cohort studies, exposure status (e.g. having a latrine) does not change
over the course of the study. To the extent that selection of controls is not random,
case-control studies are at risk of selection bias. Case-control studies and cohort
studies have in common that they are highly susceptible to confounding, i.e. failure to
account for factors that are related to both exposure (e.g. sanitation) and outcome (e.g.
diarrhoea), producing a spurious association. Case-control and cohort studies are a
necessary evil in evaluating some types of exposure that cannot be randomised, such as
radiation or smoking, and have been found to be useful a) if the association under study
is very strong (say a four-fold or higher difference in risk) and b) if the potential for
confounding is not very large.
One problem with using case-control or cohort designs to evaluate WASH interventions
is that adoption of and compliance with water, sanitation and hygiene improvements is
highly related to socio-economic status, education and “modern lifestyle” (Schmidt et
al. 2009a), factors which are difficult to measure accurately but which are themselves
highly related to the risk of diarrhoea. Consider for example the difficulties of defining
and measuring “poverty” as a potential confounder: poverty is perhaps the most
important “upstream” risk factor for diarrhoea and inherently related to WASH, but is
very difficult to objectively define and accurately measure.
The potential for confounding in case-control and cohort studies studying factors
related to WASH is very large, in fact so large that one must a priori regard such
evidence as unreliable. It is little wonder that previous cohort and case-control studies
evaluating WASH interventions have shown very large effect sizes, suggesting massive
effects of WASH on diarrhoea, child mortality or height-for-age Z-score (HAZ) (Azurin
& Alvero 1974; Young & Briscoe 1988; Hoque et al. 1996; Nanan et al. 2003): we suggest
that these estimates need to be treated with great caution.
Recently, it has been suggested that by adequate matching of cohort populations, a
high degree of comparability between intervention and control communities can be
obtained, thus overcoming issues of confounding and bias in unmatched cohort studies.
Arnold and colleagues used propensity score matching to retrospectively match
several intervention clusters that had received a multifaceted WASH intervention to
control clusters (Arnold et al. 2009). Propensity scores are a method to calculate the
probability of receiving an intervention based on known variables such as education and
socio-economic status (Rubin 1997).
Intervention and control communities were in this study matched according to this
probability (propensity score), achieving a great similarity between control and
intervention clusters with regard to potential confounders. Based on this analysis
they found that intervention and control clusters did not differ in terms of children’s
nutritional status, and concluded that the intervention had no effect on this. It has
been suggested that propensity score matching may be slightly better at controlling
for confounding than multivariate regression approaches, though perhaps only in small
studies (Cepeda et al. 2003). As with conventional multivariate analysis the biggest
problem with propensity scores is that they can only account for known and observed
confounders, not for unknown confounding (Rubin 1997). As outlined above, the
potential for residual confounding (due to imprecise confounder measurements and
unmeasured confounders) in WASH studies is high, so that propensity score
matching will be of limited practical value.
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RCTs are
widely seen
as the “gold
standard”

’’

In the presence of strong socio-economic confounding, matching of cohort clusters
(using propensity or other methods) does not achieve better control for confounding
than conventional regression analysis. Rather, in this situation it is akin to doing a
conventional regression analysis but simply omitting control clusters that are not very
similar to the intervention clusters. This can facilitate the logistics of the study, since
control clusters that are different would not have contributed much to the analysis
(Arnold et al. 2009). In terms of control for confounding, matching adds little value
especially if confounding is strong.
In conclusion, we suggest that case-control and cohort studies that cannot make use of
changes in exposure status by incorporating a “before and after” element are unlikely to
be useful for HIE of WASH interventions.

5.3 Randomised controlled trials (RCTs)
Randomised controlled trials (RCT) are widely seen as the “gold standard” design
for health impact evaluation. However, this is correct only under certain conditions.
Clearly, HIEs of large-scale WASH interventions are very different from the classic
context for RCTs, i.e. clinical trials to estimate drug efficacy. RCTs control for known
and unknown confounding, and work well if both participants and observers can be
blinded to both treatment and outcome assessment; but blinding of participants to
large-scale urban WASH interventions is generally not possible. RCTs can still provide
reasonably unbiased estimates if the outcome is an objective measure such as weight
gain, parasites in stools, or death; but these have rarely been used in WASH trials. In
contrast, RCTs using a more subjective outcome measure, such as self-reported gastrointestinal symptoms, may often provide biased effect estimates: study participants in
the intervention arm may tend to under-report disease for fear of being seen as noncompliant or impolite; those in the control arm will often have a strong incentive to overreport disease because they want to gain access to the intervention. Also, individuals
of lower socio-economic status and education (who have a particularly high risk of
disease) tend to be lost to follow-up more often: drop-out can be different between the
intervention and control groups, thus introducing additional bias. Bias can also come
from over-enthusiastic field workers who out of commitment or for the sake of job
security want to demonstrate the effectiveness of an intervention (observer bias).
For these reasons, we would argue that RCTs using self-report measures of disease (the
most common measure in WASH-sector RCTs to date) cannot be considered a “gold
standard”. The limitations of effect estimates obtained without ruling out participant
(responder) bias and observer bias are well-known (see e.g. Fewtrell et al. 2005; Clasen
et al. 2007), and indeed it has been suggested that effect estimates based on diarrhoea
self-reports are likely to be severely biased, to the extent of calling into question effect
estimates based on this measure (Schmidt & Cairncross 2009b). Other authors have
argued that, with suitable protocols, bias need not be severe: i.e. diarrhoea self-reports,
though certainly not an ideal measure, are of value as a health measure (Clasen et al.
2009); see also below Section 6.2. In our opinion, the risk of bias is important, and HIEs
—whether RCTs or other designs— should increasingly strive to use objective measures
not based on self-report. Such measures include mortality, height-for-age and helminths
in stools (Schmidt et al. 2009b). Recently, a handwashing intervention against influenza
in Hong Kong was evaluated using PCR of saliva from throat swabs that, importantly,
were sampled independently of symptoms (Cowling et al. 2009), thus avoiding a
potentially biased referral process based on reported symptoms. In the near future,
objective molecular markers for recent infection with different diarrhoea pathogens may
become available for WASH impact studies.
Independently of these methodological concerns, there are concerns about the
generalisability of RCT findings. RCTs tend to be conducted in “ideal” settings,
chosen primarily because doing an RCT is possible; in such a situation, external
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In a stepped wedge design,
say 8 similar city districts are
selected for the intervention
(non-randomly, on the basis of
need, or logistics, or some other
consideration). The intervention
is then planned to take place in
two tranches: say 4 city districts
in Year 1, and the remaining 4
districts in Year 3. Allocation
of districts to tranches is then
done randomly, so that the
districts in the second tranche
act as true experimental
controls for the intervention
districts in the first tranche.

validity (i.e. generalisability of results) may be poor, because most interventions are not
carried out in ideal settings. For example, the London School of Hygiene and Tropical
Medicine (LSHTM) is currently conducting an RCT on the health impacts of chlorine
pills for household-level water treatment, in the Indian state of Orissa. Within Orissa,
poverty and poor water quality are most severe in tribal areas in the hill forests, whereas
the coastal regions are generally less poor: but the study is being carried out in coastal
areas, because conducting an RCT in the tribal areas was not logistically viable.
Especially in urban settings, community-level WASH interventions may be difficult
to randomise. For example, randomisation of sewerage interventions is politically
and technically difficult or impossible: despite the theoretical possibility of “stepped
wedge” designs8 (Brown & Lilford 2006, De Allegri et al. 2008), in practice it would be
extremely difficult for a major sewerage project to select its districts of intervention not
on the basis of financial factors, social concerns and engineering logic, but randomly
(Norman et al. 2010). In line with this, we are not aware of any previous attempt to
randomise a sewerage intervention. Similar difficulties arise with networked water
supply interventions. Other types of district-level intervention (for example, stopopen-defecation campaigns) are in theory more readily randomisable; though note that
the requirement for randomisation would need to be assumed early on in the project
planning process (see Section 8). Note also that randomisation is not a very flexible
design feature of a research study: once randomisation is done at baseline, a trial must
be conducted according to a relatively strict time line. Delays in the implementation
process and/or drop-outs of whole clusters can quickly jeopardise random allocation.
Thus for a number of reasons we consider that RCTs will often not be the best choice for
routine HIE of WASH interventions; nor should they necessarily be regarded as the “gold
standard” design for public health interventions.

5.4 Before-after studies without control
Simple before-and-after studies without a concurrent control group have been used
to evaluate rural and urban sanitation projects. For example, Barreto and colleagues
conducted two separate cohort studies in the same population in Salvador de Bahia
(Brazil), before and after an urban sanitation project with provision of sewerage
connections (Barreto et al. 2007). Note that while both studies if treated separately
can be regarded as cohort studies, the main analysis (comparison of diarrhoea rates
before and after the intervention) is not a cohort design: it is a before-and-after design
without a concurrent control group. The authors conducted a range of secondary
analyses to underpin their findings. For example, they showed that in areas that had a
lot of diarrhoea in the first survey, there was a stronger reduction in diarrhoea in the
second survey than in areas with less diarrhoea at baseline. In fact, in areas with little
diarrhoea at baseline, diarrhoea increased: this may well be a classic regression-tothe-mean effect, i.e. there were some communities in which by chance diarrhoea was
exceptionally high in the first survey, and so was likely to decrease in a second survey.
Likewise, there may have been communities that by chance had little diarrhoea at
baseline, with subsequent upwards regression to the mean. The authors developed
conceptual frameworks of the biological plausibility of different pathways by which
sanitation may protect from diarrhoea, and incorporated these into quite sophisticated
multivariate regression models. Nevertheless, none of these methods can address the
main problem of before-after studies without a concurrent control group, i.e. that the
overall 22% reduction in diarrhoea observed over a 6-year period (1998-2004) in the
city of Salvador de Bahia may be explained at least partially by wider trends (“secular
trends”) acting independent of the intervention. Indeed this is to be expected since
Brazil experienced very significant economic development during the study period.
To conclude, before-after studies without a concurrent control group are a weak
design for HIE of WASH interventions.
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5.5 Before-after studies with concurrent control (BAC studies)
9

In fact these studies were
randomised controlled trials:
the comment here refers to
the authors’ comparison of
mean before-after reductions
between the intervention and
control group.

Designs of this type have been referred to in the literature as concurrent-control quasiexperimental designs (e.g. Briscoe et al. 1986) and concurrent-control field trials (e.g.
Kolahi et al. 2009). Baseline disease data are collected for an intervention and control
population before project implementation, and disease is then again measured after
the intervention. The critical point is that separate analyses are conducted for the
intervention and control groups: first one looks at the before-after change in disease in
the intervention arm, and then one looks at the before-after change in the control arm
(with the aim of detecting secular trends).
This allows a “difference in difference” (DID) analysis: for example, if disease reduction
was 30% in the intervention group and 10% in the control group, then the DID can
be calculated as 30% - 10% = 20%. However, a meaningful statistical analysis of this
difference providing valid confidence intervals around the DID can only be done if the
number of geographically independent clusters in each arm is more than 4 or 5 (Hayes
& Moulton 2009); most studies of this type have fewer clusters, though in practice
statistical comparisons between intervention and control arm are often performed
with small numbers of clusters by simply ignoring clustering (see e.g. Chavasse et al.
1999, Emerson et al. 1999);9 such analyses are invalid (Hayes & Moulton 2009). Even
if intervention characteristics are such that a somewhat greater number of clusters
can be allocated to intervention and control (say 6 or 8 per arm), the power of any
between-arm comparison may be very low, especially if the between-cluster variation
in disease is high. This is why in a recent cluster-randomised handwashing trial the
authors (including present author WS) specified the before-after analysis as the main
outcome, although there were 5 clusters in each arm (Biran et al. 2009). The statistical
between-arm comparison was done only as a secondary analysis because the authors
had (correctly) anticipated that the power of this analysis would be very low.
Thus, the number of geographically independent clusters can be lower in a BAC study
than in a cluster-randomised RCT. Often, in urban sanitation programmes the number
of clusters is restricted because interventions extend over large geographic areas.
For example, consider a situation in which one half of a city receives sewerage while
the other half does not (or not yet): in this case there would only be two clusters, one
allocated to the intervention and one to the control, and it is unlikely that this allocation
could be done randomly.
In a BAC study, the number of independent clusters is from the purely statistical point
of view not as critical as in an RCT. Each intervention and control cluster is compared
with itself at different points in time, i.e. the unit of analysis is the sampling unit in each
cluster (e.g. individuals or households). Thus, given a reasonably large sample size in the
intervention and control arms (in terms of statistically independent units of analysis),
the confidence interval of the before-after change in disease separately for intervention
and control can be quite small (for further explanation see next section).
What about unknown confounders? BAC studies are much less prone to this problem
than observational designs like case-control and cohorts, because confounding is
addressed by incorporating disease risk before the intervention: most potential differences
between the intervention and control group that are associated both with the probability
of receiving the intervention and with disease risk at follow-up should be reflected in
differences in disease at baseline (subject of course to random error). Nonetheless, BAC
studies – unlike RCTs with a sufficient number of clusters – are subject to the possibility
that secular trends in disease in the absence of an intervention could be different
between intervention and control arm. This could arise due to fundamental differences
in the epidemiology of WASH-related diseases in the intervention and control arms: for
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example as a consequence of being at different stages of socio-economic development,
or because of major differences in risk factors and transmission routes for WASHrelated infections, even if the overall disease burden is similar at baseline. If it is possible
to randomly allocate clusters within a BAC design, this problem is limited. Careful
selection of intervention and control clusters to make them as comparable as possible
should also help to avoid including study clusters with very different infectious disease
epidemiology. Again, the key difference with respect to conventional matched-cohort or
case-control studies is that the baseline measurement of disease in BAC studies should
incorporate a substantial part of known and unknown differences between intervention
and control, which is in our view a critical advantage given the large potential for
unknown and residual confounding in cohort and case-control studies without baseline
measurement of disease.
Concerns with reporter bias in RCTs (see Section 5.3) are of course also applicable
to BAC studies that use self-report measures of health: there is a particular risk of
participant and observer bias if the disease survey is obviously related to the WASH
intervention. But the common requirement in RCTs for informed consent to random
allocation could well introduce more severe participant biases than in a BAC study. Most
notably, if you are randomly allocated to a non-intervention group (and possibly have to
sign a document stating this explicitly), there is a powerful incentive to exaggerate your
family’s ill-health, to convince “the authorities” that your district should be next in line.
In a BAC study there is often a less strong requirement to link the study so explicitly to
the intervention, making it possible to “sell” the study as a simple longitudinal health
survey: so it may be easier in BAC studies than in an RCT to hide the purpose of the
survey from participants and perhaps even field staff. In other words, with careful design
of data collection protocols it should be possible to reduce reporter bias in BAC studies.
The lack of direct statistical comparison between intervention and control arms is a
clear weakness of BAC studies. An RCT with sufficient power allows us to conclude
that “the difference in post-intervention disease rate in the intervention group was
X% lower than in the control group, with a 95% confidence interval of Y% to Z%”. In a
BAC study, all one can say is that “disease went down by X% in the intervention group,
with 95% confidence interval Y% to Z%, versus only A% in the control group, with
95% confidence interval B% to C%”. A BAC study is at risk of providing results that are
difficult to interpret if a) the number of clusters is very small, i.e. one or two clusters
per arm, and/or b) there are strong secular trends in disease risk in the absence of an
intervention (see Section 6.5). Nonetheless, for the reasons outlined in this section and
Section 5.3, RCTs may not be possible or not have sufficient power in these situations.
This can be expressed in another way: if intervention characteristics mean that we
have only a small number of intervention clusters, an RCT is unlikely to have sufficient
power, and will provide results with a large confidence interval, which severely restrict
interpretability and causal inference. Thus, if there is only a small number of clusters, a
BAC study can be a better choice than an RCT.
The lack of direct statistical comparison between intervention and control arm is a
drawback of BAC studies as compared to RCTs when attempting a meta-analysis, i.e. the
pooling of effect estimates following a systematic review of all available trials of a given
intervention. This is relatively straightforward for RCTs because they usually provide a
single primary effect estimate with confidence intervals. We are unaware of established
statistical methods that allow a formal meta-analysis for BAC studies. On the other
hand, WASH interventions are commonly highly context specific, and trials evaluating
their effects are almost inevitably heterogeneous, regardless of whether an RCT or BAC
design is used. Strong heterogeneity, whether in the statistical or contextual sense,
limits the applicability of formal meta-analysis in the WASH field even when pooling
estimates from RCTs (Cochrane Collaboration 2011).
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An example of the BAC design has recently been provided by Kolahi and colleagues
who studied an urban sanitation project in Teheran (Kolahi et al. 2009). Two municipal
districts received sewerage, which was accompanied by a reduction in diarrhoea
prevalence of 46%. However, in the control group (neighbouring areas of each district
with similar socio-economic conditions) in the absence of sanitation improvements,
diarrhoea decreased by 37%, roughly the same order of magnitude as in the
intervention districts (Figure 1). This example clearly demonstrates the weakness of
studies without a concurrent control group. It also shows that BAC studies allocating as
few as two clusters per arm can provide results that are unlikely to be severely biased
or confounded. An RCT in this situation in Teheran would have been nearly impossible.
Observational studies without a baseline measure (e.g. a cross-sectional survey postintervention) would probably have been subject to strong confounding effects.
2018161412diarrhoea
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%
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Figure 1. Before-after study with concurrent control evaluating an urban
sanitation project in Teheran (Kolahi, Rastegarpour & Sohrabi 2009).

To conclude, the BAC design is not perfect, but we consider that it may often be the best
option for assessing health impacts of urban WASH programmes in a cost-effective
way that still delivers sufficient rigour. RCTs and cohort or case-control studies will, for
different reasons, often not be appropriate for evaluation of the health impacts of urban
WASH programmes. The BAC design is much better able to control for confounding
than cohort or case-control studies. The risk of reporter bias when using self-report
health measures, which is a serious limitation of RCTs to assess WASH impacts, may be
relatively low (though cannot be excluded). In Section 6, we describe the BAC design in
more detail, and highlight practical and methodological challenges with this design.
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6. The design of BAC studies
This section discusses aspects of the design of BAC studies, and offers
recommendations for their use in urban WASH contexts.
As detailed in the preceding section, the main criteria making BAC studies an
appropriate choice in urban sanitation programmes are a) difficulty of randomisation
and b) a small number of intervention clusters. If less than about 8-10 clusters per arm
are available, then it is quite likely that a direct comparison of post-intervention disease
rates will either not be possible (for less than 4 clusters per arm) or will have very low
power. If the number of clusters is small, then the choice of these clusters will be critical
for the validity of the study.

6.1 Choice of intervention and control clusters
The intervention group in WASH interventions is often chosen based on programme
logistics or engineering considerations. BAC studies can be done with one intervention
and one control cluster only, but the results will be much less convincing than if the
intervention is done in more than one geographically independent cluster. Thus by
increasing the number of clusters we can increase plausibility. For example in the
Teheran study reported by Kolahi et al. (2009), the two intervention clusters showed
similar results, and the two matched control clusters showed similar results: this adds
confidence to the results. In other words, in a BAC study, one independent cluster per
arm is better than none, two are better than one, and three are better than two. In
general however, we do not recommend studies with only one intervention and control
group (see Shadish, Cook & Campbell 2001), because the probability of obtaining a
result that is difficult to interpret is high.
It may be tempting to divide a large cluster into several seemingly independent clusters,
but these should not be treated as such. Selecting several smaller areas within each
allocated cluster “to increase the number of clusters” for the purpose of HIE does not
in fact increase the number of clusters: these smaller clusters are not geographically
independent, since they belong to the same unit of allocation. The chance of being
selected for intervention or control would be identical for these newly created
“clusters”: they will all be allocated to either intervention or control. Further, being
subunits of the same large cluster (the true unit of allocation), they are likely to share
similarities in terms of socio-demographic features and disease risk. The outcomes are
therefore likely to be correlated and cannot be treated as statistically independent.
The most important aim in choosing intervention and control clusters is to balance
baseline disease prevalence and the general epidemiological conditions influencing
disease risk and disease trends as closely as possible. A BAC study will always be
more convincing if the intervention and control started with roughly similar baseline
disease risk (Shadish, Cook & Campbell 2001): a large difference in disease at baseline
suggests that the intervention and control clusters differ in socio-economic or other
aspects, and may be subject to different secular trends in disease risk (a major threat
to the interpretability of BAC studies). For example, a high-risk area could experience a
greater reduction in diarrhoea as a result of general economic progress, independently
of an intervention, by comparison with a low-risk area where “cheap gains” in diseaserisk reduction have already have been achieved as a result of earlier developments. Or
it may be that at the time of study disease is dropping faster in a wealthier area due to
unrelated factors.
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To ensure similarity between intervention and control, allocation to intervention and
control clusters is ideally done at random, similar to a classic RCT. For example, in the
previously cited evaluation of a handwashing campaign in India (Biran et al. 2009), 5
villages were randomly allocated to intervention and 5 to control, and the data then
analysed as a BAC study. As already noted in reference to RCTs, random allocation may
be difficult in studies of district-level urban WASH interventions, or indeed practically
impossible for some types of intervention; and note again that this paper centres on
evaluations of already-planned interventions, not on interventions designed to optimise
exploration of disease causality. When randomisation is not possible, control clusters
will be often be selected after the intervention area has been selected. In this case, the
most straightforward way of choosing control clusters is pair-matching, a method which
has some advantages over unmatched designs (Imai et al. 2009). Indeed, pair-matching
is often applied within RCT designs when the number of clusters available is small. For
example, in a randomised trial on HIV prevention in Tanzania (Grosskurth et al. 1995),
clusters were randomly assigned to intervention or control, and intervention and control
clusters were then pair-matched. This not only increased the power of the study but also
improved the plausibility of the findings, because lower HIV was observed in all matched
pairs: the findings would have been less convincing (less plausible) if a reduction had
only been observed in some pairs, even if the overall effect size and confidence interval
had been the same.
In BAC studies, pair-matching is particularly attractive, not primarily to achieve
statistical probability estimates (there is no valid “significance” comparison between
pairs if the number of clusters is below 4 or 5), but to make the findings easier to
interpret in terms of plausibility, as was done in the Teheran study (Kolahi, Rastegarpour
& Sohrabi 2009). Such like-with-like comparison at the level of a matched pair
facilitates the interpretation of secular disease trends in the absence of an intervention
(a critical factor in BAC studies) because given adequate matching, they should be more
similar within pairs than between pairs. For example, 3 out of 4 pairs suggesting an
intervention effect would provide evidence that the intervention was indeed effective.
If an effect can only be seen in half of the pairs, one would be more cautious, even if the
overall before-after comparison suggests a greater disease decline in the intervention
than in the control group.
Matching of control and intervention clusters could be done on the basis of existing
census data or other socio-economic data sources (Arnold et al. 2009). It should not be
solely based on informal observation of neighbourhoods (“eyeballing”), although other
types of data (e.g. habitat-type data, data obtained from environmental health survey
walks) may be used to refine matches obtained on the basis of census data. If available,
data on health-care use (e.g. hospital admissions due to diarrhoea) may be a better
basis for matching intervention and control clusters, because they should reflect disease
risk more directly than most indicators of socio-economic status. It is also possible to
match intervention and control clusters according to the baseline disease prevalence
prior to the intervention.
The design of a BAC study can be improved considerably by including several baseline
and follow-up measures, especially if the number of allocated clusters is very small
(Shadish, Cook & Campbell 2001). For example, obtaining diarrhoea data over two or
even three years prior to the intervention allows a much better assessment of secular
trends in the intervention and control arm independent of the intervention than surveys
over a single year. A second method to “make the most of” the few clusters available
can be applied if the control clusters receive the intervention at a later date.
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By monitoring disease trends in both study arms depending on intervention status
(e.g. the extent of household coverage actually achieved in a sewerage intervention),
the causal inference of BAC studies can be enhanced (Shadish, Cook & Campbell
2001). We recommend applying these two design features, especially in studies where
only one cluster each can be allocated to intervention and control. Finally, choosing
control clusters in which the intervention will be implemented at a later date (“pipeline
studies”) may be a good strategy because it will tend to mean that the control clusters
have broadly similar characteristics to the intervention arm.

6.2 Choice of outcome measures
WASH interventions target a number of infectious diseases. For HIE in urban settings,
diarrhoea, cholera and worm infections (i.e. helminths) are often the most relevant
diseases. Nutritional markers (WAZ, HAZ) and mortality are probably the most
relevant endpoints from the public health perspective, and they have been used in BAC
studies (Hasan et al. 1989), but often the power to detect changes in these parameters
may be low. Worm infections assessed by stool samples from two cross-sectional
surveys (before and after) are —unlike reported diarrhoea— a fairly objective outcome
measure: demonstrating a reduction in worm infections in a BAC trial can be convincing
because of the low risk of both participant and observer biases (Messou et al. 1997).
Furthermore, helminths in stools can be considered an integrated measure in the sense
that it can be expected to reflect cumulative disease exposure over a fairly long period
leading up to the time-point of measurement; by contrast, diarrhoea (even if measured
objectively by stools analysis) is an acute reversible condition showing population-level
temporal variability (e.g. seasonal incidence peaks), so that a single measurement may
be a less reliable measure of long-term disease burden. Note though that stool samples
can be tedious to collect, and compliance with providing samples can be low.
If available, hospital or clinic data (for example admissions due to diarrhoea or cholera)
can be a convenient disease measure. Bias due to healthcare-seeking behaviour can
usually be addressed in BAC trials because these biases should be reflected by the
baseline measurement. Healthcare use data may be less biased than self-reported
illness. Further, such data may allow monitoring of disease trends over long periods of
time, which may increase the validity of the findings (Shadish, Cook & Campbell 2001).
The most commonly used outcome measure in WASH interventions is self-reported
diarrhoea (Clasen et al. 2010). Self-reported diarrhoea is prone to bias in unblinded
studies, including RCTs (Schmidt & Cairncross 2009), though the risk of bias may
be reduced by careful protocol design. Often, self-reported diarrhoea will be the only
measure that can be assessed if healthcare use data are not available. There is a large
body of literature on how best to assess diarrhoea (Blum & Feachem 1983; Alam et al.
1989; Boerma et al. 1991; Byass & Hanlon 1994; Wright et al. 2006; Schmidt et al. 2010;
Zafar et al. 2010; Zwane et al. 2011). One key issue is the need for repeated surveillance
visits over time, which poses logistics problems (Schmidt et al. 2010). When selfreports are used, diarrhoea can be measured as incidence (new episodes) or prevalence
(Morris et al. 1996; Schmidt et al. 2007). Repeated prevalence measurements allow
calculating the proportion of time ill (the “longitudinal prevalence”), which is often the
relevant measure from the public health perspective. Note that the proportion of time an
individual is ill is a continuous outcome (0% to 100%), which can facilitate sample size
calculation (Schmidt et al. 2010).
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6.3 Selection of households within clusters
Ideally, within each cluster, households are selected at random based on the same
selection criteria before and after the intervention, i.e. the same household may or
may not be randomly selected twice. In large-scale urban WASH interventions, beforeafter evaluations will often be several years apart (as in Barreto et al. 2007 and Kolahi,
Rastegarpour & Sohrabi 2009), so if the same sample is used there may be fewer
young children at follow-up than at baseline (which is clearly a significant problem,
since age is a critical determinant of diarrhoea prevalence, nutrition markers and worm
infection). By renewing random selection after the intervention, it should be possible to
approximately maintain the age range of the sample.
Often it is logistically easier to conduct multi-stage sampling within a cluster, e.g.
by first selecting neighbourhoods within a cluster and then households within the
neighbourhoods. This approach is likely to make diarrhoea estimates less stable, even
if the same neighbourhoods (but different households) are chosen before and after.
Diarrhoea can be expected to vary constantly over space and time (Luby et al. 2011),
i.e. simple random sampling should give a more precise overall estimate of diarrhoea
burden in an area comprising different neighbourhoods than multi-stage sampling. If
the outcome is more stable over time (as expected with nutrition markers or worm
infections), multi-stage sampling may be less of a problem, but simple random sampling
is always more appropriate to ensure that the sample is representative of the whole
cluster. We recommend that if smaller clusters within larger clusters are selected for
logistical reasons, then the number of clusters should be reasonably large, and chosen
based on a sample-size calculation that accounts for clustering.
Sometimes, a WASH intervention is allocated to a large heterogeneous cluster
including poor and rich neighbourhoods. In this case it can make sense to restrict
recruitment to households living in poor neighbourhoods, and select equivalent control
neighbourhoods from potential control clusters. Ideally this is done by sampling
households (e.g. by simple random sampling) only in a subgroup of the whole
population, for example households with children under 5 years or households with a
low income. This approach can increase both the public health relevance of a study and
also the statistical power, by making the study population more uniform.

6.4 Sample size and number of surveillance visits
After determining the number of clusters to be enrolled, the investigator has to decide
how many households to enrol from each cluster. In a BAC study, statistical power
is largely determined by the number of overall participants included. Increasing the
number of clusters primarily serves to make the findings more plausible and improve
generalisability, not primarily to increase precision. Each cluster included in the study
is compared with itself at different points in time, i.e. the between-cluster variability
in disease does not affect the statistical analysis (but can affect, non-statistically, the
plausibility of the results).
However, if the sampling unit is the household, and households are selected randomly
both for the pre- and the post-intervention survey, then within-household clustering
of disease (which may be considerable for worm infections and diarrhoea) needs to
be accounted for in the sample size calculation. This is not easy, since most published
formulae for group-randomised trials do not apply if the average group size is small (e.g.
a family; Hayes & Moulton 2009). One of us (WS) has recently shown for diarrhoea that
multiplying the sample size by a factor of 1.5 to 2 should be sufficient in most cases to
account for clustering at household level (Schmidt, unpublished data).
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The sample size can be reduced if a stronger effect is assumed (i.e. if we raise the
magnitude of effect that has to be achieved in order for the study to detect it). In
previous WASH trials many investigators have assumed diarrhoea or worm prevalence
reductions of between 20 to 30% for the sample size calculations, to be detected with
80% power. A 20% reduction in diarrhoea is often regarded as an impact that would
be of interest from the public health perspective (e.g. Barreto et al. 2007). In a BAC
study, it is desirable not only to detect any before-after difference, but also to measure
this difference with reasonable precision (in addition to having a confidence interval
that does not include the null value). A narrower confidence interval will facilitate
interpretation of the findings when accounting for secular trends observed in the control
group. Therefore we would ideally recommend assuming a smaller magnitude of effects
than one might assume in a comparable RCT, for example 15% or (if logistically feasible)
even 10%. However, this clearly depends on the amount of resources available.
The sample size can also be reduced by making the samples in each cluster more
uniform, e.g. by including only poor households, or only children under 5. In this case,
the between-person variability of disease will be lower than if a wide range of different
age groups and socio-economic strata are included. On the other hand, it is not efficient
to exclude adults if diarrhoea self-report is the health measure: if a household has to be
visited anyway at a certain frequency, then it makes sense to include all householders to
gain the maximum of information (and study power) from a single visit. Focusing a priori
on poor households can make sense, as these households are likely to benefit most
from reducing diarrhoea burden; but this has to be weighed against the potential for
extracting more generalisable conclusions if all socio-economic strata are included.
Where diarrhoea self-report is the health measure, we generally recommend conducting
surveillance over whole years to cover all seasons. If this is not possible, one can
collect data in a specific season, e.g. the wet season when diarrhoea incidence may be
higher (potentially reducing the sample size): it is then of course important to measure
diarrhoea after the intervention during the same season. Furthermore, due to the high
seasonal and year-to-year fluctuations in diarrhoea, the interpretability of the study
results may be more difficult if only one season is included.
Sample size calculations for studies using self-reported diarrhoea as the outcome are
difficult because diarrhoea is typically measured using repeated measurements in the
same people. A single cross-sectional survey provides a measure of diarrhoea, but often
does not yield enough statistical power. For repeated measurements, the within-person
correlation of diarrhoea needs to be taken into consideration. Individual measurements
within a study cluster are not independent: they are correlated within individuals, i.e.
people at particularly high or low diarrhoea risk disproportionally affect the outcome. To
account for the added “noise” if people differ greatly in diarrhoea risk, the sample size
needs to be increased. Since predicting within-person correlation is difficult, it is often
easier to treat diarrhoea as a continuous outcome by using longitudinal prevalence, i.e.
the proportion of time ill.
The sample size critically depends on the number of surveillance visits, but the
relationship between number of repeat measurements and sample size is far from linear:
in practice, conducting more than 12 surveillance rounds per time period (before vs
after) will gain little additional power. The appropriate number of repeat measurements
depends on many logistical factors, such as whether it is easier to recruit field workers
or participants: usually 6 to 12 visits per period will provide the best balance between
statistical power and costs.
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Assumptions:
Minimum detectable reduction in diarrhoea = 25%
Power = 80%
Weekly diarrhoea longitudinal prevalence (LP) = 10%
(diarrhoea measured as period prevalence: disease at any time in last 7 days)
Standard deviation of the longitudinal prevalence = 14%.
Using standard formulae for the comparison of two mean LP values, the resulting sample size will
be 493 people before and 493 people after the intervention in each arm (intervention and control).
This value is multiplied by 2 to account for household clustering of disease: 986 people in the
intervention arm, 986 in the control arm, enrolled before and then again independently after the
intervention.
This value should be multiplied by 1.2 or 1.3 to account for the fact that only 6 to 12 visits are
conducted (both before and after the intervention), resulting in around 1183 people per arm
(intervention/control) per study period (before/after) (Schmidt et al. 2010).
Assuming 4 people per household, we obtain 296 households to be included per arm
(intervention/control) per study period (before/after).
Box 1. Example sample size determination for a study
with self-reported diarrhoea as outcome measure.

To conclude, we recommend the following pragmatic approach for calculating the
sample size for BAC studies:

·
·

If the outcome can be measured in one cross-sectional survey, such as HAZ or worm
infection, standard sample size formulae can be used. If self-reported diarrhoea is the
main outcome, the sample size calculation should be based on the proportion of time
ill, and its standard deviation after choosing the number of repeat measurements.
The size of the disease reduction to be detected by the study should be as
conservative as possible. The resulting sample size can then be multiplied by a factor
of, say, 1.5 to 2.0 to account for within-household clustering. If the average number of
people recruited per household is very small (for example if only young children are
recruited) then household clustering can be ignored.

Box 1 shows an example sample size calculation for a BAC study.
We certainly consider that in many contexts it will be possible to perform a sufficiently
rigorous study with around 250-500 households per arm per period, with each
household visited 6 to 9 times over one year (one year before, one year after). If an
objective “integrated” measure of disease is used (e.g. helminths in stools), only
one visit per household will be required; as discussed further below, the use of such
measures may increase total cost.
For further discussion of the issues outlined in this subsection (6.4), see Schmidt et al.
(2010).
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6.5 Analysis and interpretation
The analysis and interpretation of BAC studies relies not only on statistical methods (as
in RCTs) but to a great extent also on “plausibility” aspects that are difficult to quantify
statistically. These can be crucial for interpretation and the confidence one can have in
the results.
The first step in the analysis should be to display disease trends and confidence
intervals of point estimates graphically, separately for intervention and control (Shadish,
Cook & Campbell 2001). The difference in disease before versus after the intervention,
with 95% confidence intervals, should be calculated for both arms. If there is more
than one cluster per arm (hopefully there is), the results should be displayed for each
individual cluster, or for each individual pair of clusters in a pair-matched design.
As a simple way of analysing the data, one can calculate the “difference in difference”
(DID). For example, if the reduction in diarrhoea is 30% in the intervention arm, and
10% in the control arm, then the DID would be 20%. Importantly, it is not possible to
calculate a valid confidence interval (CI) for the DID if the number of clusters per study
arm is less than 4 or 5. Unless the number of clusters per arm is at least 4, CIs can
only be calculated for the disease prevalence and before-after difference overall within
each arm, or each cluster; a CI cannot be calculated for DID, nor does non-overlap of
intervention and control CIs have a specific statistical meaning (although it can still be a
noteworthy observation).
Apart from these simple descriptive statistics, the plausibility of results from BAC
studies depends on a) the similarity of the intervention and control clusters, and b)
the observed disease trends (Shadish, Cook & Campbell 2001). These two aspects are
closely related, since clusters that are similar in many socio-economic factors are also
likely to display similar disease trends.
It is further plausible that areas with similar baseline disease are more likely to show
similar secular trends than areas with very different disease levels at baseline. For
example, it could be that in a richer area, disease may be declining more rapidly than
in a poor area. Conversely, in a richer area, a disease reduction may already have
happened in the past, reaching a plateau, whereas in a poor area social development
may result in rapid changes in disease. Differences in such disease trends accounting for
the baseline (before) disease level are central to interpreting BAC studies.
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Figure 2 illustrates examples of different possible
outcomes of BAC studies. All examples suggest
a disease reduction in the intervention arm,
but offer different levels of confidence that the
reduction is causally related to the intervention.
In the first example (A), disease goes down in
both arms, converging after a large difference in
disease at baseline: there may possibly have been
a reduction in disease due to the intervention, but
it is difficult to exclude that the trends are due to
different stages of socioeconomic development (or
“maturation”; Shadish, Cook & Campbell 2001) in
the two study arms, since the difference in disease
prevalence at baseline is quite large.
Similar caution must be applied if the results
resemble (B). Again, the trends could reflect
different secular trends independent of the
intervention. In both cases (A and B), additional
measurements of disease at different time-points
before and after the intervention would have
provided a better picture of overall trends, and
greater confidence in assessing the likelihood that
the intervention had influenced these trends. For
more details of these aspects, see Shadish, Cook &
Campbell 2001.
If disease in the control arm does not change (C),
a reduction in disease observed in the intervention
arm can clearly be attributed to the intervention
with a higher confidence than for A and B. Finally,
if disease levels in the intervention arm are higher
at baseline, and lower at follow-up compared to
the control arm (D), i.e. the disease trends cross
during the study, then it becomes difficult to
ascribe this to anything other than an intervention
effect (Shadish, Cook & Campbell 2001).

|

12% disease prevalence

Figure 2:
Four different
possible outcomes
of BAC studies. All
examples suggest a
disease reduction in
the intervention arm,
but provide different
levels of confidence
that the reduction is
causally related to
the intervention.

|

Finally, the interpretation of BAC studies is greatly
enhanced by specifying in advance sampling
procedures and an analysis plan in a detailed
protocol. This will help avoid “post-hoc” reasoning
and “fishing for significance” by conducting
multiple analyses and then selectively publishing
results most compatible with the investigators’
own views. Pre-specification policies of this type,
and evaluators who are independent of funder and
implementer, can help to reduce the likelihood of
effect exaggeration due to funder/implementer/
researcher interests, as highlighted by authors like
Bhandari et al. (2004) and Ionnadis (2005).
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‘‘

BAC studies
can achieve
strong
plausibility
in contexts
in which RCT
designs may be
impossible

’’

7. BACs versus RCTs: “horses for courses”
This paper focuses on health impact evaluations of urban WASH interventions designed
not with the aim of demonstrating in a general sense that WASH can improve health,
but rather with the aim of assessing the specific impact of particular interventions (on
the view that this will both improve programme efficiency and contribute to longer-term
learning). In this specific context, and as detailed in Sections 5 and 6, we argue that
RCTs are not necessarily the most appropriate method, and indeed in many common
situations BAC studies may be more appropriate. Apart from higher financial cost,
difficulties with application of RCTs in the present context are as follows:

· In some types of large-scale urban WASH intervention (for example networked water

and sanitation interventions), it may be extremely difficult, or indeed practically
impossible, to randomly allocate districts to intervention and non-intervention groups

· Even if randomisation is theoretically possible, in the real world it will often not be

applied, so that the health impact evaluation of such interventions must necessarily
use study designs without random allocation

· Where randomisation is possible, for many types of intervention the number of

clusters will be too small to give sufficient power for a true RCT design: given 5 or
fewer clusters in each arm, a reliable cluster RCT is not even possible, and this is
very relevant because many real-world urban WASH interventions target 2 or 3 city
districts at a time

· Over and above randomisation issues, the need for informed consent in RCTs can

introduce an additional bias when self-report health measures are used: notably,
people who have been randomly allocated to non-intervention will be strongly
incentivised to exaggerate their ill-health, in order to strengthen their case that they
be next in line for donor/government spending

Properly designed BAC studies offer an alternative approach for HIE of urban WASH
interventions, particularly when allocation cannot be random and/or when cluster
number is small. BAC studies cannot achieve the very high levels of proof achievable by
large-scale RCTs in ideal contexts; however, BAC studies can achieve strong plausibility
in evaluation contexts in which rigorous RCT designs may be impossible or extremely
expensive, and where classic observational studies (cohort, cross sectional or casecontrol studies) are subject to confounding.
The table overleaf summarises our recommendations for appropriate cluster study
designs in different situations:
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Table 2. Recommended study designs as a
function of whether random allocation of clusters
is possible, and of number of intervention clusters
(i.e. number of clusters per arm).
Intervention
Random allocation possible
Clusters
7 or more

Random allocation not possible

RCT design as primary outcome. Measure and
adjust for baseline disease risk to improve
study power where possible.

Direct comparison (non-randomised trial
design) as primary outcome. Adjust for
baseline disease risk to minimise bias.

5-6

BAC as primary outcome, between arm
comparison as secondary outcome
(Biran et al.2009).

BAC as primary outcome, between-arm
comparison as secondary outcome
(Biran et al.2009).

2-4

BAC with random allocation

BAC

Only do if disease can be studied over two
or more years before intervention or during
implementation in the control arm.

Only do if disease can be studied over two
or more years before intervention or during
implementation in the control arm.

1

As noted, these guidelines refer to studies designed for programme evaluation, i.e. to
assess the specific impact of already-planned interventions. However, if the aim is to
explore in detail the causal pathways leading to disease (as in the current “environmental
enteropathy” research drive, outlined in Humphrey 2009), then very high standards of
statistical rigour are demanded, and in this situation it makes sense to purpose-design
randomisable treatments that allow detailed exploration of causal pathways with very
high levels of internal validity (though correspondingly reduced external validity): in such
cases we agree that RCTs are likely to be the design of choice.
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8. Financial costs and feasibility
10

This assumes that data
collection is done either with
paper instruments designed
to be optically read, or via
an electronic input device
such as a mobile phone (for
example Water For People’s
FLOW system for survey data
collection using mobile phones;
see Hayward 2011).

11

In fact if we adjust Briscoe et
al.’s values for inflation 19862011, we obtain a present-day
range of $140,000–$2 million.

12

For ethical reasons, any study
involving analysis of parasites
in stools will generally be
judged to require provision of
free treatment (i.e. a course
of an anthelminthic such as
ivermectin) to subjects found
to be infected. This increases
study cost (though certainly
the increased cost can be
considered easily justifiable,
since it has direct health
impact), and also complicates
study design in a before-after
study.

So how much might it cost to run a BAC evaluation? How easy would it be to integrate
such an evaluation into the time-frame and logistics of an urban WASH intervention?
These are critical questions, since we are here proposing procedures for HIE of
already-defined WASH interventions, as opposed to the deliberate design of WASH
interventions in order to explore causality.
The costs of a BAC evaluation will of course vary depending on sampling effort and
on local costs. Our experience is that, in urban areas of low-income countries, costs
are often acceptably low, as a result of low labour and transport costs. Let us assume
a total of 600 households (300 per arm) each visited 9 times over a one-year period
(one year before, one year after), for estimation of diarrhoea incidence on the basis of
self-reports; see Box 1 above. This visit rate and associated data input10 can be readily
achieved by a two-person team. In Kenya (for example), employment of an interviewer
costs about $500 per month; in our example we require two interviewers working over
a two-year period, which comes to approximately $24,000. In addition, someone with
sufficient epidemiological knowledge will be required to design the study, develop data
collection instruments, train interviewers, coordinate and quality-check data collection,
carry out the data analysis, and report the findings. We suggest that, with careful cost
control, it should certainly be possible to achieve a study of this type for a total amount
in the order of $100,000–$200,000.
This cost range certainly lies at the bottom of the indicative range of $70,000–$1
million per study suggested by Briscoe, Feachem and Rahaman (1986).11 But whether an
expenditure of this order is judged justifiable will depend on funders’ expectations and
on the size of the overall budget. Clearly, it would not make sense to spend this amount
on health impact evaluation within a $200,000 intervention, but within a $2 million
intervention it might certainly be judged worthwhile. There is no general rule about the
proportion of a development programme’s budget that should be spent on evaluation,
but between 5 and 10% is not untypical for public health interventions (see e.g. Global
Fund 2009). This rule of thumb would suggest we might consider health impact
evaluations for any project of $1 million or more, and certainly for projects/programmes
of $2 million or more.
Note that this is no more than a crude ballpark assessment based on very approximate
estimates of HIE cost and sector norms about how much to spend on evaluation; clearly,
assessment of whether HIE is worthwhile in a specific context calls for detailed contextspecific judgements, and here the reader is urged to consider not only the arguments
of the present paper, but also to consult Briscoe et al. (1986), who discuss in detail the
circumstances under which an HIE can be considered “useful, “sensible” and “feasible”.
Also note a “spin-off” advantage of extensive before-after householder surveys carried
out in intervention and control districts: this will allow collection of data on diverse
other relevant variables at little or no extra cost, allowing very detailed assessment
of other impacts of the intervention (for example, time spent accessing and queuing
for sanitation facilities; amount spent on water; etc. etc. depending on intervention
characteristics). Additionally, HIEs can provide a testing ground for identifying more
reliable proxy indicators of health impact (see Section 10).
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13

Carrying out an impact
evaluation immediately
after completion of an
intervention is unlikely to be
the most useful approach: in
the case of an intervention
centred around construction
of communal toilets, for
example, there will typically
be a time-lag of several
months between termination
of the construction work
and widespread community
use of the new facility; and
this behaviour change and
associated improvement in
local environmental hygiene
will take some time to impact
on disease burdens. So even
if the construction and other
“direct” components of an
intervention are completed
within a year, it will probably
be more meaningful to
wait another year before
evaluating impacts.

HIE based on an objective measure like stool analysis (see e.g. Barreto et al. 2010)
has clear advantages over HIE based on reported diarrhoea, as already discussed: but
despite the need for only a single visit to each household, additional costs (including
laboratory and medication costs12) will generally mean that total costs may be higher,
although by how much will depend on the study setting. In the ongoing LSHTM Orissa
trial, worm sampling is not proving too expensive, suggesting that a BAC study using
worm sampling could probably be undertaken within the $100,000-$200,000 ballpark
budget range indicated above.
Time-frame may be an important constraint on integration of HIEs into WASH
interventions, as previously noted by PREM (2006). Many urban WASH interventions
run over periods of about 3 years, which may be insufficient for an HIE, especially bearing
in mind that HIE as proposed in this paper requires a period of about a year before the
intervention starts. For example, WSUP has long-term ongoing city-level programmes,
working closely with local partners including municipalities and utilities, in 6 countries
mostly in sub-Saharan Africa (see www.wsup.com).
But funding for most interventions within these programmes comes from grants from
funding agencies that often extend for just 2 or 3 years from approval to closure and
final reporting. Even within a 3-year project, an HIE of urban WASH intervention is
difficult, particularly if this involves substantial infrastructure construction. For example,
let us suppose we want to do an HIE of an intervention centred on construction of
communal toilets and associated hygiene education in 3 districts of City X. From the
date of project approval, we ideally need a) 3 months for HIE design, plus b) 12 months
for the “before” evaluation, plus say c) 24 months for programme implementation and
impact,13 plus d) 12 months for the “after” evaluation, and finally e) 3 months for HIE
analysis and write-up: this comes to a total of 54 months (i.e. 4 1/2 years); note that the
interventions did not start until month 15.
One option we would suggest to funders and implementers alike is to consider grant
periods of say 5 years, in which the last 18 months involves no activity other than impact
evaluation; i.e. all interventions are finished by month 42.
If long time-frames are not feasible, the possibility of reducing the time period over
which data is collected should not be ruled out: for example, instead of collecting data
for one year before the intervention and one year after, we might consider collecting
data for just 3 months before and 3 months after, in both cases probably during the rainy
season when diarrhoea incidences are likely to be highest.
Finally: at the outset of this section, we noted that we are here proposing procedures
for HIE of already-defined WASH interventions, as opposed to deliberate design of
WASH interventions in order to optimally facilitate HIE. However, this is not black-andwhite, and even if the basic characteristics of the intervention are already defined, it
will certainly make sense for funders and implementers to talk through the possibility
of HIE at an early stage; alternatively, donors might consider incorporating an “HIE
option” into calls for proposals, with special dispensations regarding the proportion of
budget that can be allocated to monitoring and evaluation, and regarding time-frame
and reporting requirements. It is also clearly critical for implementers to take HIE design
into consideration during project planning: for example, in the model outlined above,
the “before” evaluation requires that there be a period of 15 months between project
approval and the first interventions.
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‘‘

BAC studies
provide an
opportunity
to collect
data on other
impacts

’’

9. Is health impact the only important impact?
This paper has worked from the assumption that health impact should be the primary
impact sought in government- or donor-financed WASH interventions.14 Are we then
suggesting that health improvements are the only relevant impact?

9.1 What about other types of benefit?
As noted, some researchers have attempted to assess the economic benefits of
WASH improvements for low-income communities, considering all potential benefits
including reduced mortality and morbidity, healthcare cost savings, time savings, and
gain in productive time. Such approaches require monetisation of all benefits, so that
different types of benefit can be meaningfully compared. One such study (Hutton et
al. 2007) suggested that by far the most important benefit of WASH interventions was
the convenience time saving due to easier access to water and sanitation facilities:
for example, in the WHO’s AFR-D subregion (West Africa), convenience time savings
were estimated to account for 82% of total economic benefits, while health benefits
(including healthcare cost savings) accounted for only 16%.15
However, the authors recognise that their methodology (notably their consideration
only of impacts on diarrhoea) is likely to have systematically under-estimated health
benefits. Furthermore, we believe that cost-benefit analyses of this type, necessarily
based on numerous assumptions16 about average benefits, may generate unreliable
results. But certainly, and as noted in the previous section, BAC studies provide an
excellent opportunity to collect data on other impacts at the same time as health
impact collection.
14

Note that we are here
talking about the
justifications for WASH
investment. These are
not the same as the
social stimuli for WASH
improvement at community
level: for example,
householders may be
more likely to invest in a
toilet because it improves
their prestige or perceived
wellbeing than for health
reasons. Such stimuli are
of critical importance for
social marketing, but in
the present context we are
interested in justifications.

15

Of which 9% value
of deaths avoided,
3% value of baby sick
days avoided, 4%
health sector costs
saved, and 0% patient
health costs saved.

16

For example, the authors
make the basically arbitrary
assumption that a switch from
“unimproved” to “improved”
sanitation will generate
convenience time savings of
30 minutes per person per
day; this seems to be based
largely on the questionable
assumption that [“unimproved”
–>“improved”] equates to
[“public toilet” –>“household
toilet”]. For wider critiques of
cost-benefit analysis, and in
particular its heavy dependence
on investigator assumptions and
judgements, see for example
Flyvbjerg (2008).
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9.2 What about sustainability and pro-poorness?
17

This ties in closely with
WSUP’s own strategic focus
on working with local service
providers (ranging from
municipal government and
large utilities down to local
community groups and smallscale private operators), aiming
to achieve a situation in which
local capacity for revenue
generation, management
and planning reaches a
level sufficient for donorindependent financing and
expansion of WASH services.

If an urban WASH intervention, funded by donors and/or by national government,
achieves a strong impact on health over a 3- or 5-year period, this does not necessarily
mean that the improvement will be sustained over decades, or that it has benefitted the
poorest people in the city, or that it will favour continued expansion and improvement
of WASH services within the city. In other words, we consider that health impact should
be the primary immediate goal of urban WASH interventions, but we do not consider
that it should be the sole goal; indeed, an uncontextualised and short-termist focus on
health impact would run the risk of creating a counter-productive structure of perverse
incentives. We suggest that WASH programmes need to consider not only health, but
also the following key issues:

· Financial and operational sustainability of the intervention: Any WASH intervention

in a given district (for example a programme of construction of shared toilets coupled
with hygiene education to reduce open defecation) needs to be sustainable over a
reasonably long time period: a substantial health impact in year 3 is of questionable
value if, 5 years later, the toilets are in ruins because users have not been willing
or able to pay for their maintenance, or if people have reverted to open defecation
because the hygiene education programme did not achieve a long-term change in
attitudes and behaviours.

· Financial and operational sustainability of ongoing improvements: Related

considerations apply in the wider context of the city. An intervention that is 100%
funded by external donors may achieve a substantial health impact in year 3, but
may not build local institutional capacity and may contribute to a culture of aiddependency at the city level, reducing pressure on the municipal authorities to
develop donor-independent mechanisms of financing and managing citywide WASH
improvements.17

· Social equity: There are of course ethical grounds for expecting donor spending and

government spending to focus on improving the welfare of the very poor (including
homeless people and people in informal settlements), of women as well as men, and
of disadvantaged groups (including the disabled, AIDS sufferers, and marginalised
ethnic and religious communities). In fact, we suggest that the stronger emphasis
on health impacts advocated by the present paper will tend to favour these groups
(because forcing a focus on health impact will tend to force a focus on very poor
communities with very poor baseline health); nonetheless, this cannot be
assumed, and needs to be ensured at planning and evaluation.
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10. And what if health impact evaluation isn’t feasible?
We have here argued that HIEs should be carried out more frequently than is currently
the case, and that this could have profound implications for the design of WASH
interventions. However, we are certainly not suggesting that all WASH interventions
should include HIEs: in many cases health impact evaluation will not be useful, sensible
or feasible (Briscoe et al. 1986). In such cases, what are the implications of this paper’s
central argument (that health impacts should be the primary goal of urban WASH
interventions)?
First, at the intervention appraisal and planning stages, we propose a stronger focus
on districts with poor baseline health. This means that donors and implementers need
to resist pressures pushing them in the direction of “easy pickings”: for example, if
donors push implementers towards sanitation marketing models based on leverage of
householder finance to pay for construction of household latrines by local entrepreneurs
(in principle not an unreasonable long-term strategy), this will tend to discourage
selection of very poor intervention districts with very poor baseline health.
Second, and again at the appraisal and planning stages, we propose a stronger focus
on the likely health impacts of WASH interventions. For example, we might reasonably
suspect that a focused “total” intervention (e.g. construction of 100 shared toilet
facilities serving all households within a low-income district of 3000 people, coupled
with a programme of improved drainage) will have greater health impact than a
more diffuse intervention involving construction of 100 shared toilets serving some
households within a district of 30,000 people, and without any programme to improve
drainage. [Clearly, this is just one illustrative example: how to achieve maximal health
impact in a given district with a given budget clearly involves detailed location-specific
analysis, beyond the scope of the present paper.]
Third, at the evaluation stage we propose a stronger focus on outcomes that are likely to
be associated with health, as opposed to immediate project outputs (see footnote 5, pg 3):
for example, toilet usage, as opposed to number of toilets constructed; or increased
frequency of handwashing, as opposed to number of people exposed to hygiene
education campaigns. In fact, this message (that effective programme evaluation
requires data on “use”, not “access”) is widely accepted in the sector: however, we
would suggest that even these indicators may often be rather poor proxies for health
impact, particularly in the absence of consideration of “TotalUrban Sanitation”.
In other words, achieving health impact is likely to require integrated consideration of
all aspects of faecal-oral disease transmission: not just increased usage of improved
water supplies and improved toilet facilities, but also diverse other contributing factors
including improved handwashing, food hygiene and child faeces hygiene, minimisation
of faecal contamination of the local environment, and flood protection or flood-proofing
of sanitation facilities. We suggest that, in the absence of HIE, evaluation procedures
should aim to assess improvements across all of these areas. It is beyond the scope
of the present paper to assess how exactly this might be achieved: however, we would
briefly mention the possibility of using measures of faecal contamination of the local
environment, such as score-card based observational measures, or more objective
measures based on microbiological analyses.
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11. Conclusions
18

Though course RCTs remain
appropriate for other purposes:
notably, in in-depth explorations
of the aetiology of infectious
diseases, designed a priori as
research studies rather than
as evaluations of existing
interventions, RCTs certainly
remain the design of choice.
Likewise, for evaluation of
household-level interventions
such as household water
treatment, RCTs may be
perfectly feasible.

· This paper suggests that there is not a strong need for “proof-of-concept” health

impact studies to “demonstrate” in a general sense that WASH has a positive impact
on health.

· Instead, we suggest that there is a need for more frequent health impact studies of

specific WASH programmes, primarily designed to assess the cost-effectiveness
of each programme, thereby encouraging funders and implementers to focus on
the best ways of achieving real health impact, rather than relying on proxy outcome
indicators which may not in fact be closely related to health impact (e.g. “increased
use of improved sanitation facilities”).

· For this purpose, we argue that before-after concurrent-control (BAC) studies will

often be the best option.18 BAC studies cannot achieve the very high levels of proof
that can be obtained by a purpose-designed large RCT study: however, they can
achieve a high level of plausibility, and in the context of programme evaluation (as
opposed to purpose-designed research) we suggest that they will often give stronger
plausibility and generalisability than an RCT, making the findings potentially more
useful for policy and practice.

· Based on the estimates given in this paper for the cost of BAC designs, we suggest

that sufficiently rigorous health impact evaluation of urban WASH interventions (and
indeed other WASH interventions) is not as prohibitively expensive as it is widely
held to be. We suggest that, with strict cost control, properly designed studies will
often be achievable for around $100,000–$200,000, and we suggest that this may
be a cost-efficient expenditure for interventions above a certain size.

· Whether an RCT or BAC design is selected, there are strong arguments for using

objective outcome measures (e.g. helminths in stools) as opposed to self-reported
diarrhoea. In all cases, it is important for observers to be independent, i.e. neither in
reality nor in appearance part of the programme team.

· We do not suggest that HIE should be carried out for all urban WASH interventions,

but rather only for a subset of large-scale interventions; where HIE is not carried out,
we nevertheless argue for stronger consideration of likely health impact at the design
stage, and a stronger focus on more plausible proxy indicators of health impact in
programme evaluation.

· In order to enable HIEs, we suggest that funding agencies might consider

incorporating an “HIE option” into calls for proposals. Under this option, a)
interventions would be required to demonstrate health impact and not judged
on interim outputs (e.g. number of toilets built, or amount of householder
finance leveraged); b) implementers would be allowed longer reporting periods;
c) implementers would be able to allocate a higher proportion of total budget
(perhaps 10%) to evaluation; and d) the HIE itself would be conducted by an agency
independent of both funding agency and implementer.

· We suggest that the more widespread use of HIE would contribute to an evidence
base of ‘what works’, and help identify the generalisable features of urban WASH
interventions that are successful in delivering lasting health improvements.

· We suggest that more frequent HIE could bring about very beneficial changes in

how WASH investments are allocated and targeted. A more routine requirement to
demonstrate health impacts could drive real advances in intervention effectiveness
and intervention efficiency.
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