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Abstract: Endemic issues of sustainability in the Water, Sanitation and Hygiene (WASH) sector have led
to the rapid expansion of ‘system approaches’ to for assessing the multitude of interconnected factors that
affect WASH outcomes. However, the sector lacks a systematic analysis and characterization of the
knowledge base for systems approaches, in particular how and where they are being implemented and
what outcomes have resulted from their application. To address this need, we conducted a wide-ranging
systematic literature review of systems approaches for WASH across the peer-reviewed, grey, and
organizational literature. Our results show a myriad of methods, scope, and applications within the sector,
but an inadequate level of information in the literature to evaluate the utility and efficacy of systems
approaches for improving WASH service sustainability. Based on this analysis, we propose four
recommendations for improving the evidence base including; diversifying methods that explicitly
evaluate interconnections between factors within WASH systems, expanding geopolitical applications,
improving reporting on resources required to implement given approaches, and enhancing
documentation of effects of system approaches on WASH services. Overall, these findings provide a
robust survey of the existing landscape of systems approaches for WASH and propose a path for future
research in this emerging field.
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SI 1: PRISMA CHECKLIST

Table S1-1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Checklist

P
SECTION/TOPIC | # CHECKLIST ITEM REPORTED ON
PAGE #
TITLE
Title 1 | Identify the report as a systematic review, meta-analysis, or both. Title
ABSTRACT
2 Provide a structured summary including, as applicable:
Structured background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis Abstract
summary o . AT
methods; results; limitations; conclusions and implications of key
findings; systematic review registration number.
INTRODUCTION
. 3 Describe the rationale for the review in the context of what is .
Rationale Introduction
already known.
4 Provide an explicit statement of questions being addressed with 11 Stud
Objectives reference to participants, interventions, comparisons, outcomes, o y
. objectives
and study design (PICOS).
METHODS
5 | Indicate if a review protocol exists, if and where it can be accessed
Protocol and . . . . .
] ) (e.g., Web address), and, if available, provide registration 2. Methods
registration . . . . .
information including registration number.
6 | Specify study characteristics (e.g., PICOS, length of follow-up) and
Eligibility criteria report characteristics (e.g., years considered, language, publication | 2.1 Literature ID
status) used as criteria for eligibility, giving rationale.
. 7 Describe all information sources (e.g., databases with dates of
Information . . . ., . .
coverage, contact with study authors to identify additional studies) | 2.1 Literature ID
sources .
in the search and date last searched.
Search 8 Present full electronic search strategy for at least one database, 2.1 Table 1, search
including any limits used, such that it could be repeated. string formula
. 9 'State the 'process for'selec’Fing studicis (i.e.,.screen%ng, eligib.ility, 22 Selection of
Study selection included in systematic review, and, if applicable, included in the articles
meta-analysis).
Data collection 10 Descrlbe.method of data.extract%on from reports (e.g., piloted 99 Data
forms, independently, in duplicate) and any processes for .
process .. . . . extraction
obtaining and confirming data from investigators.
11 List and define all variables for which data were sought (e.g.,
. . . . PR 221;222
Data items PICOS, funding sources) and any assumptions and simplifications . .
Screening criteria
made.
12 Describe methods used for assessing risk of bias of individual
Risk of bias in studies (including specification of whether this was done at the 2223
individual studies study or outcome level), and how this information is to be used in Application

any data synthesis.




Summary

13

State the principal summary measures (e.g., risk ratio, difference in

N/A
measures means).
. 14 | Describe the methods of handling data and combining results of
Synthesis of . . . .
results studies, if done, including measures of consistency (e.g., 1?) for N/A
each meta-analysis.
Risk of bias across 15 Specify any assessment of ris.k of bia§ that may affect the. Conclusions /
. cumulative evidence (e.g., publication bias, selective reporting .
studies s . Limitations
within studies).
. 16 Describe methods of additional analyses (e.g., sensitivity or
Additional . X g .
analvses subgroup analyses, meta-regression), if done, indicating which N/A
y were pre-specified.
RESULTS
17 Give numbers of studies screened, assessed for eligibility, and
Study selection included in the review, with reasons for exclusions at each stage, | 3.1 Search Results
ideally with a flow diagram.
Stud 18 For each study, present characteristics for which data were
v extracted (e.g., study size, PICOS, follow-up period) and provide SI Table
characteristics o
the citations.
Risk of bias 19 Present data on risk of bias of each study and, if available, any
1 . . N/A
within studies outcome level assessment (see item 12).
20 | For all outcomes considered (benefits or harms), present, for each
Results of . . .
NPT . study: (a) simple summary data for each intervention group (b) N/A
individual studies . . . . .
effect estimates and confidence intervals, ideally with a forest plot.
Synthesis of 21 | Present results of each meta-analysis done, including confidence N/A
results intervals and measures of consistency.
Risk of bias across | 22 | Present results of any assessment of risk of bias across studies (see N/A
studies Item 15).
Additional 23 Give results of additional analyses, if done (e.g., sensitivity or N/A
analysis subgroup analyses, meta-regression [see Item 16]).
DISCUSSION
24 | Summarize the main findings including the strength of evidence
Summary of . . . . .
. for each main outcome; consider their relevance to key groups 4. Discussion
evidence . .
(e.g., healthcare providers, users, and policy makers).
25 | Discuss limitations at study and outcome level (e.g., risk of bias),
Limitations and at review-level (e.g., incomplete retrieval of identified 4.4 Limitations
research, reporting bias).
) 26 Provide a general interpretation of the results in the context of .
Conclusions . o 5. Conclusions
other evidence, and implications for future research.
FUNDING
27 | Describe sources of funding for the systematic review and other .
. . Funding
Funding support (e.g., supply of data); role of funders for the systematic Statement

review.




From: Moher D, Liberati A, Tetzlaff ], Altman DG, The PRISMA Group (2009). Preferred Reporting
Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): €1000097.
doi:10.1371/journal.pmed1000097 . For more information, visit: www.prisma-statement.org.

SI2: SEARCH STRATEGY

Table S2-1: Databases Included in Literature Search

Datab Literat S h
Database Name Description Rationale atabase tterature eare
Type Types Results
Articles from ASCE e .
. Preliminary reviews showed
journals, papers . .
that it contained many
ASCE Research from conference o .
. . sources of complex systems  Organization Peer-reviewed 821
Library proceedings, and e- .
analysis for water and
books and . .
wastewater service delivery.
standards.
Includes documents from
Repository of documents from the Gillings
Uni }; . ny cth School of Global Public
. . tversity ,o © Health at UNC and The . Peer-reviewed
Carolina Digital Carolina . Academic
Repositor ublications Water Institute at UNC, Institution Grey 13
P Y (sfu dent thesis conveners of the Water & Thesis
etc,) ! Health Conference, one of
e the largest annual WASH
conferences.
Database of
Deutsche
Deutsche Gesellschaft fiir One of the larger and most
Gesellschaft fiir Internationale innovative bilateral Grey
Internationale Zusammenarbeit ~ organizations working in the ~Organization Organizational 109
Zusammenarbeit GmbH (GIZ), WASH sector worldwide. Open Source
(GIZ) Library German Also, open source resource.
development
agency.
Database of The
Department for
International A large funder of WASH
Development rojects worldwide and earl Grey
DFID pme pro) Y Organization Organizational 1
(DFID), which adopter of systems
Open Source
manages the UK approaches to development
Government's aid
programs.
Provider of 375 full-  One of the largest and most
for e- hensi
EBSCO text databases for e comprehensive databases Provider Peer-reviewed 4,129

journals, magazine
subscriptions,

covering WASH and systems
research topics.




ELDIS (Int']
development)

International
Rescue
Committee
Library

IRC WASH

Loughborough
University
Institutional
Repository

OECD iLibrary

ebooks and
discovery service
for academic
libraries, public
libraries.
Eldis repository of
the Institute of
Development
Studies managed
by Knowledge,
Impact and Policy
team.
Repository of The
International
Rescue Committee
(IRC), a global
humanitarian aid,
relief, and
development
nongovernmental
organization.
Library of IRC
WASH - formerly
the WHO
International
Reference Center
on Community
Water Supply
(abbreviated as
LR.C).

Repository of
Loughborough
University
publications
(student, thesis,
etc..).

OECD iLibrary is
the online library of
the Organisation
for Economic
Cooperation and
Development
(OECD) featuring
its books, papers

Database focused specifically
on international
development topics,
including WASH, with a
range of peer-reviewed and
grey literature that is open

Provider

source.

IRC is a large donor and
implementer in the WASH
sector, including in systems

approaches to WASH.

Organization

Database consists of
publications by IRC WASH
and others. One of the largest
repositories of WASH
systems-focused work.

Organization

Includes documents from
Loughborough’s Water,
Engineering and
Development Centre
(WEDC), an innovative
WASH research center and
convener of a large annual
conferences on innovative
directions in WASH.

Academic
Institution

OECD is a large funder of
innovative research and
projects in the infrastructure
services sector, including
water supply and sanitation.

Organization

Grey
Peer-reviewed
Open Source

Organizational

Organizational

Peer-reviewed
Thesis

Grey
Organizational

151

44

1,357

27

13




PAIS
International

ProQuest
Dissertations
and Theses

SciELO

SuSanA

University of
South Florida
Repository

and statistics and is

the gateway to
OECD's analysis
and data.
International
coverage of public
affairs, public and
social policies, and
international
relations. It
includes two
databases, PAIS
International and
PAIS Archive.

ProQuest for
Dissertations

SciELO is a
bibliographic
database, digital
library, and
cooperative
electronic
publishing model
of open access
journals. Primarily
with non-English
publications
Library, project
database and
discussion forum
for the Sustainable
Sanitation Alliance,
an informal
network of people
and organizations

Repository of USF
publications
(student, thesis,
etc..).

Provider of peer-reviewed-
reviewed and grey literature
from countries outside of
North America and Europe,
focused on international
topics, including WASH.

Used to specifically search
for dissertations on WASH
systems topics which may
have not been disseminated
through peer-reviewed
reviewed or grey sources.

Large database representing
non-English language
publications, including non-
WASH topics, which may
not appear in other journals
or databases.

Organizational and grey
literature specifically focused
on emerging sanitation
topics, both from the SuSanA
and its members.

USF is home to the
International Development
Engineering Program, a
teaching and research center
focused on new directions
and approaches to
international development.

Provider

Provider

Provider

Organization

Academic
Institution

Peer-reviewed
Grey

Thesis

Peer-reviewed

Grey
Organizational

Peer-reviewed
Thesis

518

376

244

46

24




Water and
Sanitation
Program (WSP)
Library

Water Supply &
Sanitation
Collaborative
Council
(WSSCC)
Resources

Web of Science

World Bank
eLibrary

A multi-donor
partnership, part of Leading producer of research

the World Bank and practice in water and Peer-reviewed
Group's Water sanitation topics. Early Organization Grey
Global Practice adopter of systems Organizational
focused on water discourses in WASH.

and sanitation.
A global, multi-
stakeholder
membership and
partnership
organization that
works with poor

Similar to WSP, a large
producer of research and
practice documentation for

eople, . .. ) Organization Gre
peopre WAGSH, including innovative & Y
organizations, .
approaches to service
governments and )
delivery.
local entrepreneurs
to improve
sanitation and
hygiene at scale.
. Focus on multidisciplinary
Premier .
e 1 research on WASH topics to
multidisciplinary augment engineering- and
& & & Provider Peer-reviewed

index covering the
journal literature of
the sciences.

public health-focused
databases included in the
literature review
World Bank is one of the
largest legacy funders of
WASH projects worldwide.

Collection of World . .
. This database contains all o o
Bank publications . Organization Organizational
since the 1990s project reports and

evaluations on WASH
projects from the bank that
have been made public.

105

35

379

670




Table S2-2: WASH and Systems Keywords and Search String Formula

WASH Keywords

Systems Keywords

Search String

drinking water
hand washing
hygiene
latrine
sanitation
toilet
WASH
water access
water management
water quality
water resource
water service
water source
water supply
water use

actors
adapt
alliance
approach
coalition
complex
connect
dynamics
emergent
factors
feedback
holistic
inter
network
scenario
social
stakeholder
system

"drinking water" OR "hand washing" OR
"hygiene" OR "latrine” OR "sanitation" OR "toilet"
OR "WASH" OR "water access" OR "water
management" OR "water quality" OR "water
resource” OR "water service" OR "water source”
OR "water supply" OR "water use" OR

AND

"actors" OR "adapt" OR "alliance" OR "approach”
OR "coalition" OR "complex" OR "connect" OR
"dynamics" OR "emergent" OR "factors” OR
"feedback" OR "holistic" OR "inter" OR "network"
OR "scenario" OR "social" OR "stakeholder” OR
"system" OR adapt* OR complex* OR connect* OR
dynam* OR inter* OR system* OR




Table S2-3: Initial Screening Exclusion Terms and Criteria

Exclusion Term

Exclusion Criteria

Non-WASH

Water Treatment
Wastewater Treatment

Hydrology

Water Resource
Management

Public Health
(WASH)

Meta-Analysis

Non-Systems

Descriptive Statistics

Study is not applicable to any aspect of the Water, Sanitation & Hygiene Sector.
Study of water treatment or water quality including processes, technologies, or
microbiology (e.g. evaluation of a ceramic filter design for use in rural communities).
Study of wastewater treatment or water quality including processes, technologies, or
microbiology (e.g. evaluation of an eco-san toilet design).

Study of physical hydrology of water resources including drinking water, wastewater
and non-consumption water.

Study related to the management of water, land and other natural resources for non-
consumptive use including irrigation, stream by flows or hydropower.

Study focused on public health impacts of a WASH program / intervention but does not
investigate multiple factors or attributes of that impact.

Study represented reviews or a meta-analysis of existing literature on a WASH topic.
Full text documents for references labeled as meta-analysis were obtained and searched
for additional studies which may meet eligibility criteria.

Study is related to an aspect of WASH but does not describe an analysis or process that
investigates two or more aspects, factors or attributes of the WASH context. (i.e. post-
project report evaluating the effectiveness of a sanitation intervention program, cost-

effectiveness analysis).

A study which analyzes the correlations between multiple variables against a chosen
WASH outcome, but which is decidedly not ‘systematic” in nature




SI 3: WORKSHEET AND CODING FORM

Table S3-1: Coding Form

Attribute

Descriptors

Evaluation Criteria

Methodology

Method?

Stated name of method of analysis or approach employed by the
study (open response) and open-coding of methodologies

Analytical
Complexity?

Low - Non-computational tasks can be completed without
specialized knowledge or training
Medium - Some specific knowledge or training is required to
complete computational tasks
High - Process requires a high level of specialized knowledge or
training to conduct the analysis

Interactions!

Does the method explicitly consider interactions among factors?
(Yes / No)

Sources of data?

Open coding of source of data for the study (e.g. surveys,
interviews, focus groups, observations, etc.)

Factors?

Open coding of factors included in the study and count (e.g.
finance, hardware, regulations)

Method
Application!

Analysis — Application of an established analytical method,
presented without a broader theory on how it should be applied,
or steps for applying it (e.g. system dynamics modeling of rural
water functionality)

Tool — A discrete, standalone activity or analysis presented with
sufficient detail to be readily replicated; or, an analytical program
or software (e.g. asset management tool for water utilities)
Framework — A guiding outline of activities, analyses or
procedures for applying the method (e.g. Sanitation Cityscape
Conceptual Framework)

Approach — A theoretical or conceptual construct, without discrete
steps for implementation of the method (e.g. Livelihoods
Approach)

Scope

Aspects of
WASH!

Water, Sanitation and/or Hygiene

Outcome Scope?

Emergent coding of study outcomes or dependent variable (e.g.
behavior change, service sustainability)

Context!

Rural / Urban

Local (incl community), City, Regional (incl District), National,
Sector

Application

Project
Application’

Assessment of what stage, if any, the study was implemented in
relation to a WASH infrastructure or services project:
Planning — Used to plan future WASH service delivery project;
Implementation — Method used to guide the implementation of a
WASH project
Evaluation — Post-project assessment of outcomes
Case Study — Standalone analysis of a specific case(s), not related
to a WASH project
None - No project application conducted

Int. ]. Environ. Res. Public Health 2019, 16, x; doi: FOR PEER REVIEW
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Name and count of geographic locations where study was applied
Location!
Stated outcomes or effects on WASH services that occurred as a
Reporting of result of the application of the study (if any)
Impacts?

Secondary Screening Criteria Coding Form including Attributes, Descriptors and Evaluation Criteria. Notes: 1:

a-priori, deductive criteria; 2: open or emergent criteria
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Table SI3-2: Literature Search Worksheet

Document Information Method Scope Application Resources
Document Document en Method Analytical | Interaction | Data Source Method  |Aspects of | Rural / Project Location | Location Human
Database Title Author(s) Date Publication o tica ¢ ! Factors o 5 Context [OutcomeScope oject Location § Study Impacts | Time Cost
D Type Access Analysis Complexity | Analysis Analysis. Application | WASH Urban Application Region Count Resources
Understanding
nandoump sustanabii |, Fisher, . Shieds, . Chan, € ol
2 Hand Search |water source (Christenson, R Cronk. H. Leker, 2015 |Water Resources  |pqqr X Bayesian Networks High Yes |secondary Data Technical Analysis Water Rural Regional Sustainability Case swdy  [CrENErAfamPIINS | g agicy 1
imani, P. Apoya, A. Lutz, J. Research region of Ghana
lunctonaliy in the o Environmental
artram
Greater Afram Plains
egion of Ghana
[Rssessentof p—
Sustainability of Rural M. Malik, L. Karangwa, A. Muzula, [surveys gl
5 Hand Search_|Water, Sanitation, and ~ |J. Sano, JM. Rutaganda, G. 2016 [Rwsn Ipeer x Composite Scoring High No Interviews o Tool wasH Rural Regional | Sustainabilty Evaluation Rural Rwanda Easi Afica 1 4monins. 385,000
Hygiene Intervenions i [Musabyimana |Secondary Data.
Rwanda Technical
Governance
|Against the Current: How Insiiutional
Interviews
eraronmentior 1. vima, . Sanbanez H ki cioba e Qualtatie Data [secondary Do ptond ruw | Regiond
6 Hand Search |5 . . - 2015 Y lerey X High No IPrimary Data ervices Analysis Water National Sustainability Evaluation Nigeria West Africa 1
Sustainable Water K. Bain nitiative Analysis Social Urban
Sustainaie water lobservation o Sector
i [Focus Groups inanci
Nigeria Political
Coordination
Institutional
el water Suply and Symposumon he imay on ool water Loca
7 Hand Search |Sanitation in Developing [S. Bhattarai and M. Starkle 2005 ympost [Peer x Muli-Criteria Medium No " Environmental Analysis Rural Sustainability Planning Nepal South Asia 1
|Analytic Hierarchy ISurvey ‘Sanitation Regional
Decision Analysis Financ
Process [Expert Opinion Financial
Technical
8 Hand Search |S. Bhattarai and B. Adhikari 2005 posi |Peer X Multi-Criteria Medium No oc: Tool Sanitation Local Sustainability Evaluation (4 terai, 9 hill and 3 South Asia 13
Project Sustainabilty |Analytic Hierarchy [Focus Groups Environmenal Utban
Decision Analysis Hygiene urban projects).
[Monitoring in Nepal Process [Observation
Behavioral
Bulding environments (o p—
|support sustainability of
improved sanitation Framework ancial National Lao
9 Hand Search |ImProved s IN. Mukheriee: 2016 [Practical Action  [Grey X High No |secondary Data Capacity Framework Sanitation Rural Sustainability Case Study Vietnam South Asia 3
behaviours at scale: Theory of Change ‘Social Sector Indonesia
levers of change in East
lover Monitoring
bodia
Indonesia
Lao
Policy Philippines.
Going beyond mason Social Vietiam
lwaining: enabiing, Market Based- Infrastructure peru South Asia
10 Hand Search [[2CHIaling, and engaging |, o o ong e perez 2015 |waterlines lpeer ‘Approach Low No Isecondary Data ronc Framework sanitation Rural National Sustainabity Evaluation Ethiopia Soumeast Asia 2
Rural sanitation markels A Coordination Sector Kenya Affica
forthe base of the Capacity Tanzania Ceniral Asia
pyramid Monitoring Uganda
Private Sector Bangladesh
India
Palistan
Using Causal Loop Donors
Diagramming to Explore Surveys NGOs
System Dynarics surve
14 Hand Search |'he Drivers of the K. Neely and J. Walters 2016 Sustainability lPeer X Causal Loop High Yes [nterviews Technical Analysis Water Rural Local Sustainability Case Study Timor-Leste Southeast Asia 1
Sustained Functonalty Joumnal g lObservation oam
Jof Rural Water Services [Expert opinion Financial
in Timor-Leste Social
Framework to Assess First international Technical
(Conference on lobservation
Sustainability of |Construction In ol [Focus Groups Environmental Tool 16 communities in
15 Hand Search [Community-based Water |K. Panthi and S. Bhattarai 2008 IPeer X Multi-Criteria. Medium No P Social Water Rural Local Sustainability Case Study South Asia 1
veloping Interviews Framework Nepal
rojects Using Muli- Decision Analysis Instiutional
Counties lrimary Data
Ciitera Analysis Gaes, Financial
Framework Techrical
g enes e
Analysis IFocus Groups Networks
lassessment framework  |N. Starkl, M. Brunner, E. Lopez, J. Tool
. - " ” il i ico,
19 Hand Search |0 or perUrban _|Martinez:Ruiz 2013 |Water Research  [Peer DMum Cxlear‘\a High No ‘s"m‘m E:Wsynu‘n‘mem‘a\ Framework Water Urban city Sustainability Planning Xochmilco, Mexico | Central America 1 oordination
water management in eciion Anaysis v iiuiona
ldeveloping countres SR inancia
Technic
Management
anagement of Rural vemational Qualtatve b Communiy Stakeholder
Iwater services in ocial Focus goup
Journal of Analysis Governance
Nicaragua: a systemic sessions
21 Hand Search | onch f0 3. Walters and A. Javernick-Will 2015 Sustainable IPeer ‘Social Network High Yes [Focus Groups Technical Analysis Water Rural Local Sustainability CaseStudy  [Terrabona, Nicaragua | Central America 1 esting
|evaluating stakeholder [Development & Analysis Environmental between 2
i World Ecology System Dynarics Functionality e e
Coordination
Long Term Functionalty Funcionaliy
Jof Rural Water Services Governance
22 Hand Search | System Dynamics 1. Walters and A. Javernick-Will 2015 Science & |Peer 4 Dyt High Yes i echnical Analysis Water Rural Local Sustainability Case Study
|Approach o Tecmmtony [Expert Opinion Environmental
Understanding the Energy
ynanic Ineraction of Community
Paciors. Management
[Exploring the use of Coordination
Engineering
|social network analysis NGOs
23 Hand Search |0 inform exit strategies  [J. Walters. 2016 [Project IPeer Social Network High Yes [nterviews. Networks Analysis Water Rural Local Sustainability Case Study Darfo, Nicaragua. | Central America. 1
Organizaiion Analysis Surveys Sanitation
for Rural water and : echni
|sanitation NGOs [ Joumal Functionality
Goverance
Planning Rural water r;:ommum t
senices inNicaragua: A evionmentl Graphicdelng Inenviows anagermen Ruralcommunites in
2 Hand Search [systems-based analysis |J. Walters and P. Chinowsky 2016 [ETVrONmenE  [peer Statistics High Yes lObservation nancial Analysis Water Rural Local Access Case Study  [Dario, and Terrabona | Central America 1
lof impact factors using Y Network Analysis [Primary Data . Tec el in Nicaragua
|graphical modeling nvironmental
Energy
Fundciondity
Rethinking Susiainabily,
Scaling Up, and
Enabling Environmen: A [U. Amjad, E. Ojomo, K. Downs, R Implementation Rural
21 Hand Search (EPAPING Enronment A [ A= oo 2015 (Water lPeer x Framework Low No |Secondary Data ey Analysis Water el Local Sustainabily |  Case Study
implementation in
rinking Water Supply
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Planning
Services

|The Political Economy of
Brazi South America
Sanitation: How can we Secondary Daa Social
vbarino, J. Holland, S. Brook,

29 Hand Search |increase investment and S- Garbarino, J. Holland, S, Brool 2011 \Wsp Org Framework Medium No (Interviews Political Framework Sanitation Rural National Sustainability Evaluation India Southeast Asia
imporove senvice for the | Caplan, A. Shankland IFocus Groups Economic Urban Sector Indonesia ‘South Asia
oot Senegal West Afica

nstiutonl
Financi
sengening Enabing 0. Tsete, € KouassKomian, Framenork iy oas Govenance Framenork el | atona
30 Hand Search . Teetse. B : 2016 [unicer o Ve N i wasH Sustainabily
and SN | gnvironment for wASH  [Scharp, G. Hution "o Theary of Change um © |secondary Data Monioring Approach Urban Sector ustainability
(Interviews u
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from 2008 10
the end of
ay 2013 pe
provided by _otal costs of
amixof IRC | running
Triple-S in
assigned to
the project
and Triple-S
project staff | 3,469
Thelong | hired | This price
Collecive Impact Instiutional fime frame - | specifically g includes
[hole system change: Whole Systems lrimary Data. Financial roproach Local Planning boic atleastsix | forthe al
2 | s searn (IS O ChaIgE L ooy, ou s fmowas o x rooronch ow o [eomdayoua | comanmen | A9 | e | rua | newow | swanaiy | mpenenno | ohara wesnea | 1 [OS Vearsand | oromekand |meraiona
:m‘ oter s oactor Senvice Delivery IFocus Groups Governance Sector Evaluation potentially | hosted by
Approach Reguiations wptoten | CwsA,
years | Amuch
frade by IRC
provided | it
SUPPOTIO | aciviies
the pro chite
on a part-
time basis, | WASHCost
including | and the
both Ghana- | Triparite
partnership
Sevices
e analysisof |G- Chatey, A Javernick i, . aca Interviews Jechvical 16 case schools in
a7 Hand Search [P lLinden, K. Alam, L. Bottinell, M. 2013 BioMed Central ~ [Peer X High No IFocus Groups ity Analysis Sanitation Rural Local Sustainability Case Study Meherpur, South Asia 1
lwell-managed school ~["%€" Qualiaive [Focus Crour Governance sl
saniaton in Bangladesh User Commitees o
Gim
Tstiutonal
Capaciy
| ommunity Assessment Interational Technical
Vodel for Sustainable (Council on Framework Expert Opinion Economic
a Wand Soarch MiplSanaion . Lo and . Bvabi w0 (S lpeer oot Sraing | Medium No e e Economie Tool Sanitation Local Sustainabilty | Evaluation
lcommunites Engineering Energy
Environmental
Cultora
Funcionally
1A decision model for nsiiutonal
selecting sustanable Capai
Technical
kg vatersoply [S— terviews Technical -
2 Hand Search |19 ITEWWAIET T€USe 1y 4ioniq oq ang G. Louis 2010 [environmental  [peer x Composite Scoring High Yes [Secondary Data Finanial Tool Water Urban Local Sustainabilty 9 Cimahi,Indonesia | Southeast Asia 1
Jsystems for developing [oecondan © Case Study
lcommuniies with a case Energy
Environmental
study in Cimai, ronme
indonesia s
Tanzania (10
ntroducing SaniFOAM: Technical disticts), ndonesia
ramevork to Analyze Financial (East Java). and nda | East Afica
a Hand Search |Sanitation Behaviorsto  |J. Devine 2009 IWorld Bank larey x Framework Medium No Isecondary Data Behavioral Jopoach Sanitation o Local Sustainabilty | | Tli:‘:":nn" (intwo states— South Asia 3
Design Effeciive Regulations y e Madhya Pradesh and | Southeast Asia
Sanitaion Programs. i Himachal Pradesh).
in'5 countries
Resulspresented
from;
e of Tols o ecivied T
i Interviews Financial o0l ura implementation | Praganas Disrit, | 25 A1
a4 Hand Search ” K. Lemme, K. Latham, K. Kugler 2016 |water For People [Org x Composite Scoring | Medium No lrimary data Environmenal Water Regional | Sustainabilty India 30 Financia
Sustainable Framework Urban Central America
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SI 4: RESULTS SUMMARY

Table S54-1: Results Summary Table - Methodology

MethOfiology Criteria
Descriptors
Method Peer Grey Org Total %o

Framework 21 12 8 41 31%
Composite Scoring 12 10 8 30 23%
Qualitative Data Analysis 11 10 2 23 17%
Statistics 11 1 2 14 11%
Social Network Analysis 8 2 10 8%
Case Study 5 1 1 7 5%
Systems Approach 3 2 2 7 5%
AHP 6 6 5%
Multi-Criteria Decision 5 1 6 5%
Analysis
System Dynamics 6 6 5%
Market-Based Approach 5 5 4%
Causal Loop Diagramming 4 2 6 5%
Collective Action / Impact 1 4 3%
Method for Participatory 2 1 1 4 3%
Assessment
Theory of Change 1 4 3%
Building Blocks 1 3 2%
Learning Alliances 1 3 2%

Method? Participatory Systems 2 1 3 2%
Mapping
Service Delivery Approach 3 3 2%
SIASAR 3 3 2%
Agent Based Modeling 2 2 2%
Bayesian Networks 2 2 2%
Financial Analysis 1 1 2 2%
Lifecycle Analysis 2 2 2%
Qualitative Comparative 2 2 2%
Analysis
Behavioral Model 1 1 1%
CATOWE 1 1 1%
Cost-Benefit Analysis 1 1 1%
Decision Trees 1 1 1%
Delphi Panel 1 1 1%
District-Wide Approach / 1 1 1%
Systems Approach
Enabling Environment 1 1 1%
GIS 1 1 1%
Graphic Modeling 1 1 1%
Institutional Mapping 1 1 1%
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Mathematical optimization 1 1 1%
Remote sensing 1 1 1%
Scenario Analysis 1 1 1%
Shit Flow Diagrams 1 1 1%
Soft Systems Methodology 1 1 1%
Sustainable Livelihoods 1 1 1%
Framework
Peer Grey Org Total %
Low 13 10 33 25%
. 0,
Analytical Medlum 23 16 49 37 /0
Complexity! High 39 9 51 38%
Peer Grey Org Total %
. 26 5 4 35 26%
Interactions!
Data Source Peer Grey Org Total %
Secondary Data 34 18 19 71 53%
Interviews 37 15 11 63 47%
Primary Data 20 7 10 37 28%
Sources of Observation 22 10 3 35 26%
data? Surveys 16 11 5 32 24%
Focus Groups 14 10 7 31 23%
Expert Opinion 13 10 5 28 21%
Workshops 1 5 0 6 5%
Factor Name Peer Grey Org Total %
Financial 46 31 21 98 74%
Technical 45 17 9 71 53%
Institutional 21 19 17 57 43%
Social 30 15 9 54 41%
Factors? Environmental 32 8 13 53 40%
Capacity 17 18 9 44 33%
Economic 30 6 4 40 30%
Oo&M 20 13 7 40 30%
Management 18 14 7 39 29%
Governance 20 9 7 36 27%
Community 21 10 3 34 26%
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Monitoring 7 16 11 34 26%
Coordination 13 11 6 30 23%
Services 10 15 3 28 21%
Policy 10 7 10 27 20%
Regulations 6 15 4 25 19%
NGOs 11 10 1 22 17%
Access 10 8 2 20 15%
Infrastructure 9 6 5 20 15%
Private Sector 8 9 3 20 15%
Hygiene 7 9 3 19 14%
Political 6 7 5 18 14%
Functionality 12 3 2 17 13%
Health 9 6 2 17 13%
Networks 11 4 2 17 13%
User 14 2 1 17 13%
Planning 4 5 7 16 12%
Context 9 4 2 15 11%
Implementation 3 7 4 14 11%
Behavioral 7 6 0 13 10%
Education 6 5 2 13 10%
Participation 3 5 5 13 10%
Cultural 7 3 1 11 8%
Demographic 4 3 1 8 6%
Gender 2 5 1 8 6%
Donors 3 2 2 7 5%
Socioeconomic 7 0 0 7 5%
Climate 4 1 1 6 5%
Agriculture 3 1 1 5 4%
Energy 5 0 0 5 4%
ia::il; Peer Grey Org Total %
2 1 0 0 1 1%
3 1 1 7 5%
4 2 0 6 5%
5 14 4 5 23 17%
6 16 3 1 20 15%
7 9 2 4 15 11%
8 11 3 4 18 14%
9 3 0 8 6%
10 5 2 10 8%

Unless specified otherwise, each table represents counts of studies and % of total count of studies, n=133
Notes: 1: a-priori, deductive criteria; 2: open or emergent criteria

Note: Many descriptors represent non-exclusive criteria (i.e. studies can be classified under multiple attributes, %
do not always sum to 100%)
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Table SI 4-2: Results Summary Table - Scope
Sco-pe Criteria
Descriptors
Scope Peer Grey Org Total %
Water (only) 37 10 8 55 41%
Aspects of Sanitation (only) ' 15 10 4 29 222/0
WASH! Water and Sanitation 12 6 2 20 15%
WASH 5 4 7 16 12%
Water, Sanitation, Hygiene 3 2 1 6 5%
Hygiene 1 1 0 2 2%
Hygiene and Sanitation 2 2 0 4 3%
Outcome Peer Grey Org Total %
Sustainability 48 23 17 88 66%
Access 13 3 0 16 12%
Outcome Scope? | Health 4 0 0 4 3%
Behavior Change 1 2 0 3 2%
Coordination 2 1 0 3 2%
Functionality 1 0 0 1 1%
Policy 0 0 1 1 1%
Context Peer Grey Org Total %
Urban and Rural 9 10 11 30 23%
Urban (Only) 18 7 2 27 21%
Urban (Any) 27 16 13 56 43%
Rural (Only) 44 15 8 67 52%
Rural (Any) 53 24 19 96 74%
None 4 1 2 7 5%
Context!
Application Peer Grey Org Total %
Local 46 19 14 79 59%
Regional 21 10 11 42 32%
National 8 8 11 27 20%
City 10 9 1 20 15%
City-only 9 5 1 15 11%
Sector 2 2 7 11 8%
None / Unspecified 1 0 0 1 1%

Unless specified otherwise, each table represents counts of studies and % of total count of studies, n=133

Notes: 1: a-priori, deductive criteria; 2: open or emergent criteria

Note: Many descriptors represent non-exclusive criteria (i.e. studies can be classified under multiple attributes, %
do not always sum to 100%)
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Table SI 4-3: Results Summary Table - Application

6 of 40

Appll.catlon Criteria
Descriptors
Project Application Peer Grey Org Total %
) Evaluation 26 15 15 56 42%
Project 1 Case Study 38 9 4 51 38%
Application Planning 16 13 11 10 30%
Implementation 4 4 15 11%
None 0 1 1 1%
Region Peer Grey Org Total %
East Africa 23 10 13 46 40%
South Asia 21 10 6 37 32%
West Africa 12 5 11 28 24%
South America 9 6 4 19 17%
East Asia 8 6 2 16 14%
Southeast Asia 8 6 2 16 14%
Central America 8 6 2 16 14%
South Africa 4 2 6 5%
Caribbean 2 2 1 5 4%
Oceania 1 3 4 3%
Central Asia 1 3 4 3%
North America 1 1 1%
East Europe 1 1 1%
Middle Africa 1 1 1%
Location!
Country Peer Grey Org Total %
India 8 8 4 20 15%
Ghana 5 3 10 18 14%
Uganda 7 4 6 17 13%
Tanzania 5 6 2 13 10%
Nepal 7 3 1 11 8%
Kenya 7 1 2 10 8%
Nicaragua 3 4 2 9 7%
Bangladesh 6 1 1 8 6%
Burkina Faso 3 5 8 6%
Ethiopia 4 2 2 8 6%
Indonesia 3 4 1 8 6%
Bolivia 4 2 1 7 5%
Peru 1 4 2 7 5%
Honduras 1 3 2 6 5%
Malawi 2 1 3 6 5%
Mexico 3 3 6 5%
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Philippines 2 3 1 6 5%
South Africa 4 6 5%
Vietnam 1 5 6 5%
Brazil 2 2 1 5 4%
Colombia 3 1 4 3%
Dominican Republic 1 2 1 4 3%
Mozambique 1 3 4 3%
Rwanda 2 2 4 3%
Senegal 2 2 4 3%
Costa Rica 1 2 3 2%
Lao 1 3 2%
Niger 1 1 1 3 2%
Panama 3 3 2%
Timor-Leste 2 1 3 2%
Benin 1 1 2 2%
Cambodia 2 2 2%
China 2 2 2%
Columbia 1 1 2 2%
Fiji 2 2 2%
Guatemala 1 1 2 2%
Haiti 1 1 2 2%
Madagascar 1 1 2 2%
Nigeria 1 1 2 2%
Pakistan 2 2 2%
Zimbabwe 2 2 2%
Argentina 1 1 1%
Canada 1 1 1%
Egypt 1 1%
Jordan 1 1 1%
Kyrgyz Republic 1 1 1%
Kyrgyzstan 1 1%
Laos 1 1 1%
Liberia 1 1 1%
Mali 1 1 1%
Moldova 1 1 1%
Morocco 1 1%
Palestine 1 1 1%
Papua New Guinea 1 1 1%
Paraguay 1 1 1%
Sudan 1 1 1%
Sweden 1 1 1%
Tajikistan 1 1%
Thailand 1 1 1%
Zambia 1 1 1%
Reporting of Study Impacts Peer Grey Org Total %
Impacts? Uptake 7 5 4 16 12%
Services 4 3 2 9 7%
Policy 2 2 4 8 6%




Int. ]. Environ. Res. Public Health 2019, 16, x FOR PEER REVIEW 8 of 40

Coordination 2 3 5 4%
Behavior Change 2 4 3%
Financial 1 1 2 2%
Users 1 1 2 2%
Health 1 1 1%
Access 1 1 1%

Unless specified otherwise, each table represents counts of studies and % of total count of studies, n=133
Notes: 1: a-priori, deductive criteria; 2: open or emergent criteria

Note: Many descriptors represent non-exclusive criteria (i.e. studies can be classified under multiple attributes, %
do not always sum to 100%)
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