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Background: In recent years the number of tools developed to help advance
sustainable urban sanitation coverage in low- and middle-income countries has
increased significantly, yet no study has been undertaken to determine their usage
or impact. This paper explores the usage and impact of four urban sanitation tools:
Shit flow Diagram (SFD), City Service Delivery Assessment (CSDA), SaniPath, and
the Citywide Planning Tool.

Methods: A mixed methodology approach was used which included a
questionnaire (n = 87) and interviewing the tools developers (n = 5) and users
(n = 25).

Results and discussion: There was a high awareness of three of the tools (86%, n=
87), but relatively low usage (53%, n = 87). The questionnaire respondents and
interviewees confused the Citywide Planning Tool with other tools, so no usage
was found. The CSDA and SaniPath were being used beyond the groups that
developed them and by their targeted group, but the main users were found to be
researchers in academia. There was evidence that SFDs and CSDAs were evolving
beyond their original scope, which was attributed to their use in academia. Their
use in academia should not be dismissed as they may lead to future usage and
impact. Although impact will take time and it is difficult to directly attribute impact
to a specific tool, evidence of the impact of the SFD and SaniPath was found. This
impact demonstrates how these tools can lead to improvements in urban
sanitation. This study also highlights the need for further research into the
drivers of tool usage.
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1 Introduction

A majority of the world’s population lives in towns and cities (55%) and this is expected
to increase to 68% by 2050 (UN DESA, 2019). Most of this urban growth (59%) is predicted
to occur in low-and middle-income countries (LMICs) (UN DESA, 2019). Due to this rapid
urban growth LMICs will struggle to meet the needs of their populations in terms of
resources and infrastructure (Lüthi et al., 2010; Lüthi et al., 2011), this includes sanitation.
Currently, only 39% of urban dwellers in LMICs have access to safely managed sanitation
services as defined by the Sustainable Development Goals (SDGs) (WHO/UNICEF, 2020).
There is a need to prioritize the provision of urban sanitation services in these regions due to
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the complexity of the enabling environment for sanitation, defined
as aspects of policy, legislation and finance, etc., that facilitate the
delivery of the service, and the competition for other urban services
(Lüthi et al., 2011). Approaches to improve sanitation coverage has
changed from a traditional hardware approach which involves the
construction of infrastructure (as in the Millennium Development
Goals era) to the more holistic systems approach of the SDGs
(Gambrill et al., 2020; WHO/UNICEF, 2020), which also includes
the enabling environment.

Over the years many tools have been developed to help advance
sustainable sanitation coverage in LMICs. Although the overall aim
of these tools is the same, to improve sustainable sanitation coverage,
their objectives and approaches differ. The number of publications
on sanitation tools has risen dramatically every decade over the past
40 years, from 19 in the 1980s to 24 in the 1990s, then 81 in the 2000s
and finally 192 in the decade spanning 2010 to 2019 (Mugendi,
2021). When these tools are reviewed they can be broadly grouped
into five categories (Mugendi, 2021):

1. Technology selection tools e.g., SaniTech (Water Aid, 2016)
2. Planning tools and approaches e.g., Sani-KIT Tool (CSE, 2021)
3. Costing, budgeting, and financing tools e.g., Life-Cycle Costing

for WASH (Mathijs and Fonseca, 2019)
4. Situational analysis tools e.g., Shit Flow Diagram (SFD) (SFD-PI,

2018a)
5. Other decision-making tools e.g., SaniPath (Emory University,

2020), Sanitation Safety Planning (WHO, 2015)

A majority of these publications were on tool development with
technology selection being the main type of tool (e.g., Kalbermatten
et al., 1982). This was due to the traditional focus on sanitation
hardware. More general tools were developed in the past, but over
the last 20 years the focus has switched to urban sanitation (e.g., the
Household-Centred Environmental Sanitation Approach,
Schertenleib, 2000). It was noted by Dey et al., in 2016 that in
the last 10 years, approximately 25 tools were developed to aid the
implementation of urban sanitation. This is due to the complexity of
the urban sanitation context which is linked to factors such as
heterogonous populations, land tenure issues and institutional
fragmentation (Lüthi et al., 2010). There have been several
studies exploring sanitation tools and approaches over the years,
yet none have specifically focused on urban sanitation. Peal et al.,
2010 explored hygiene and sanitation approaches related to
behaviour change and demand creation, Ddiba et al., 2021
focused on sanitation resource recovery, and Spuhler & Lüthi
2020 reviewed planning approaches with a focus on technical
innovations and sustainability. Most of these studies aimed to
help users to decide on the most appropriate tool, but the usage,
outcomes and impact of the tools and approaches explored were
only discussed in Peal et al., 2010.

The development of these urban sanitation tools was
predominately funded by large non-governmental organisations
such as the World Bank (World Bank, 2016) and the Bill and
Melinda Gates Foundation (BMGF) (Bill and Melinda Gates
Foundation, 2021). Even with this ongoing investment and
development of urban sanitation tools, there is little evidence of
their usage (except in the case of SFD, SFD-PI, 2018b) or impact,
hence this study aims to explore this. The four urban sanitation tools

chosen were: SFD (SFD-PI, 2018a), City Service Delivery
Assessment (CSDA) (Blackett and Hawkins, 2020), SaniPath
(Emory University, 2020) and Citywide Planning Tool (FSMA,
2022a). They were selected as they cover three of the five types
of tools (planning, situational analysis and other decision-making)
and different aspects of sanitation (sanitation services, the enabling
environment, planning, and other decision making tools). They
were developed in the past 15 years at approximately the same time
and were free and easy to access. Additionally, they had not been
covered in any depth in the previous reviews (Peal et al., 2010;
Spuhler and Lüthi, 2020; Ddiba et al., 2021). They also align with the
current concepts of holistic urban sanitation, as their focus is not on
technology selection.

2 Methods and materials

A brief description of each of the four tools can be found below:

2.1 Shit flow diagram (SFD)

SFD is an advocacy tool used for situational analysis and to
support decision-making in urban sanitation (SFD-PI, 2018a). The
tool was originally developed by the World Bank in 2014 (World
Bank, 2016) and is currently hosted by the Sustainable Sanitation
Alliance (SuSanA) (SuSanA, 2021) and funded by BMGF and other
partners. The tool generates a diagram that shows the fate of excreta
in a city and the percentage of the population’s excreta that is safely
or unsafely managed, the diagram is embedded into a report which
contains the data sources used and the service delivery context of the
city or town (SFD-PI, 2018c). The website contains training
materials and the SFD manual which is available in English,
French, Arabic, Spanish, and Portuguese languages (SFD-PI,
2018c). The reports generated can be submitted to the SFD
Promotion Initiative and uploaded to their website for sharing,
currently over 200 reports are published on this website (SFD-PI,
2018b).

2.2 City service delivery assessment (CSDA)

CSDA is a diagnostic tool developed by the World Bank in
2014 and was initially for onsite sanitation only (World Bank,
2016; Scott et al., 2017). The tool aims to assess the enabling
environment along the sanitation service chain (Scott et al.,
2017). It has since been modified with the support from BMGF,
to include offsite sanitation so that it can be used at a citywide
level (Blackett and Hawkins, 2020). The CSDA tool and manual
are available in English and are hosted on the tool developers’
website (Blackett and Hawkins, 2022) and in FSM Toolbox
(FSMA, 2022c).

2.3 SaniPath

SaniPath is an exposure assessment tool developed in 2011 to
assess the risks to the public due to exposure to faecal contamination
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through exposure pathways in urban neighbourhoods (Raj et al.,
2020). It was developed with the support of the BMGF, the
methodology and tutorials are in English and hosted on their
website (Emory University, 2020) and a link is provided to the
website from the FSM Toolbox (FSMA, 2022b). The SaniPath tool
has been implemented in ten cities and 40 neighbourhoods (Raj
et al., 2020) and this data are on their website (Emory University,
2020).

2.4 Citywide Planning Tool

Citywide Planning Tool is in the FSM Toolbox planning module
(FSMA, 2022a). The initial version of the FSM Toolbox did not
include this tool, it was developed in 2018 by Athena Infonomics
with support from BMGF (KI-5). The toolbox and tool are in
English and contain a video guide (FSMA, 2022a). The tool is
used to help plan onsite sanitation systems at a city level (FSMA,
2022a).

2.5 Method

The terms; tool, output, outcome and impact are defined in
Table 1, this is due to these terms having different meanings in
different contexts.

A mixed methodology was used so data could be triangulated,
validated, for completeness and to add explanation (Bryman,
2016). Secondary data was analysed to determine the users and
the developers of the tools, usage of the tools and to assess the
impacts of the tools. Primary data was gathered using an online
questionnaire and semi-structured interviews.

The online questionnaire was developed in English on
Survey Monkey© and was used to collect data on the users
and usage, and the impact of the tools. The questionnaire
consisted of seventeen open and closed questions and took
approximately 8 min to complete. A blank version is available

in the Supplementary Material for this paper. The questionnaire
targeted sanitation professionals working in LMICs and was
posted on the following forums: the Global Sanitation Graduate
School (GSGS) (IHE Delft, 2022), SuSanA (SuSanA, 2021) and
the Faecal Sludge Management Alliance (FSMA) via social
media, e.g., Twitter, LinkedIn (FSMA, 2022d). The GSGS is a
collective platform designed to disseminate knowledge on
sanitation through courses and training, it also hosts a
community of 234 sanitation experts (IHE Delft, 2022).
SuSanA was founded in 2007 and is an online platform for
people and organisations who share a common vision of
sustainable sanitation and hosts the SFD tool (SuSanA, 2021).
It has over 3,000 active members and 382 partners, who
contribute to discussions and activities, and subscription is
free (SuSanA, 2021). It is organized into thirteen sanitation-
themed working groups such as Cities and Planning (SuSanA,
2021) where the questionnaire was posted. The FSMA aims to
advocate for the adoption and implementation of faecal sludge
management (FSM) in LMICs (FSMA, 2022d). Their online
platform hosts the FSM Toolbox where the Citywide
Planning Tool can be found as well as links to CSDA and
SaniPath (FSMA, 2022d) and the organisation hosts the
annual FSMA conference which targets professionals working
in the FSM sector who use this platform for knowledge sharing
(FSMA, 2021). The questionnaire was also emailed to FSMA
Conference attendees from 2021 (FSMA, 2021) and MSc
Sanitation alumni who are mid-career professionals, from
IHE Delft. The survey was open for 2 months and
participation was voluntary and anonymous, but respondents
who had used any of the tools could opt to add their email
address, so they could be contacted for a follow-up user
interview.

Semi-structured online interviews were undertaken with the tool
developers (n = 5, the co-developers of the CSDA tool were
interviewed simultaneously) and the tool users (n = 25, SFD n =
12, CSDA n = 3, SaniPath n = 6, Citywide Planning Tool n = 4).
These interviews lasted for approximately 40 min and were

TABLE 1 Definitions of the terms used related to the tools.

Tool Tool Tool category Output(s) Outcome(s) Impact

Definitions A mechanism used to
operationalize an approach in the
sanitation sector (Schertenleib
et al., 2021)

Defined in Mugendi
(2021)

A product that emerges
from using a tool (Bester,
2012)

The immediate change resulting from
using the output (Bester, 2012)

The long-term changes
due to using the
outcome (Bester, 2012)

The tools
used

SFD (SFD-PI, 2018a) Situational
analysis—service
delivery

SFD graphic and report
(SFD-PI, 2018c)

Initiating discussions among
stakeholders (SFD-PI, 2018c)

Prioritization of
sanitation interventions

CSDA (Blackett and Hawkins,
2022)

Situational
analysis—enabling
environment

CSDA graphic and action
checklist (Blackett and
Hawkins, 2020)

Initiating discussions and decision-
making processes on sanitation among
key stakeholders (Blackett and
Hawkins, 2020)

Improved sanitation
services

SaniPath (Emory University,
2020)

Other decision-making
tools

SaniPath graphic (people
plots) and an automated
report (Raj et al., 2020)

Used in discussion and decision-
making (Raj et al., 2020)

Prioritization of
sanitation interventions
and investments
Evidence-based
policymaking

Citywide Planning Tool (FSMA,
2022a)

Planning tool Infographic and report
(FSMA, 2022a)

Initiating discussions among
stakeholders

Improved sanitation
infrastructure
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conducted in English and recorded, transcripts of the interviews
were generated by Otter. ai software. The themes covered with the
tool developers were the targeted users, usage and impact of their

tools, while the interviews with the users were focused on usage,
outcomes and impact. The tool developers were identified via
secondary data sources or referrals and contacted via email. The

TABLE 2 Targeted and current tool users’ profiles.

Tools Targeted users (aKII, bPublished Journal, cReports, dSFD Websites,
eCSDA Manual)

Current users

Professions Organizations Regions Professions Organizations Regions

SFD
Questionnaire (Q)
= 37
User Interviews
(UI) = 12
References:
SFD-PI (2018a),
SFD-PI (2018c),
Dey et al. (2016)

Policy makersd, city
officialsd, government
decision makersd, plannersc,
political leadersd, sanitation
expertsd

NGOa development agenciesd,
civil societyd,

Africad

South Asiad
Researchers
(Q 41%, UI 42%)
Engineers
(Q 32%)
Project Manager
(Q 14%, UI 25%)
Public Health
practitioners
(Q 5%)
Consultants
(Q 5%, UI 25%)
Planner-
(Q 3%, UI 8%)

Academia
(Q 35%, UI 42%)
NGOs
(Q 19%, UI 8%)
INGO
(UI 17%)
Consulting firms
(Q 5% , UI 17%)
Local Government
(Q 16%)
National
Government
(Q 8%)
Private Sector
(Q 11%, UI 16%)
Other
(Q 6%)

Africa
(Q 54%,UI 33%)
Asia
(Q 35%, UI 42%)
Europe
(Q 8%, UI 17%)
North America
(Q 3%, UI 8%)

CSDA
Questionnaire (Q)
= 11
User Interviews
(UI) = 3
References:
Blackett and
Hawkins (2020)

Consultantsa, decision
makerse, municipal
authoritiese, city plannerse

Financial institutionse, national
institutionse, utilitiese

Not specified Researchers
(Q 36%, UI 33%)
Project Manager
(Q 27%)
Engineer
(Q 9%)
Planner
(Q 9%)
Public Health
Practitioner
(Q 9%)
Consultants
(Q 10%, UI 67%)

Consultancy firms
(Q 18% UI 67%)
Academia
(Q 27%, UI 33%)
Local Government
(Q 18%)
National
Government
(Q 10%)
Private Sector
(Q 18%)
Other
(Q 9%)

Africa
(Q 36%)
Asia
(Q 64%, UI 34%)
Europe
(UI 33%,)
North America
(UI 33%)

SaniPath
Questionnaire (Q)
= 16
User Interviews
(UI) = 6
References:
Raj et al. (2020),
Dey et al. (2016)

Sanitation consultantsc,
Plannersc policymakersb,
local government officialsb

Local municipal governmentsb,
water and sanitation utilitiesb,
development banksb, NGOsb,

academic institutionsa

Low-income urban
neigbhourhoodsb

Researchers
(Q 38%, UI 33%)
Engineers
(Q 25%)
Project officers
(Q, 19%, UI 50%)
Public Health
Practitioner
(Q 12%)
Consultant
(Q 6%, UI 17%)

Academia
(Q 38%, UI 50%)
Consultancy
(Q 6%, UI 17%)
Local Government
(Q 19%)
National
Government
(Q-13%)
INGO
(Q 13%, UI 16%)
Private Sector
(Q 6%)
Financial
Institutions
(UI 17%)
Other
(Q 5%)

Africa
(Q 88%, UI 67%)
Asia
(Q 6%, UI 17%)
Europe
(Q 6%, UI 16%)

Citywide Planning
tool
Questionnaire (Q)
= 5
User interviews
(UI) = 4
References:
FSMA (2022a)

City sanitation plannersa,
associated consultantsa,
city/municipality engineersa

Developmenta organisations,
NGOsa

Not specified Consultants
(Q 20%, UI 50%)
Planner
(UI 25%)
Technical
coordinator
(UI 25%)
Engineers
(Q 60%)
Public Health
Practitioner
(Q 20%)

Consulting firms
(Q 20%, UI 50%)
Local Government
(Q 60%)
National
Government
(Q 20%)
Financial
institutions
(UI 25%)
NGOs
(UI 25%)

Africa
(Q 60%)
Asia
(Q 40%, UI 75%)
North America
(UI 25%)
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users were self-identified via the questionnaire responses (20%, n =
25), via secondary data (12%, n = 25) or by referrals via the tool
developers (68%, n = 25). Informed consent was given for all
interviews and this study gained ethical approval from IHE, Delft
in the Netherlands.

3 Results and discussion

3.1 Awareness and use

No secondary data on the use of the Citywide Planning Tool was
found, but five users were self-identified through the questionnaire
and four were interviewed (Table 2). From the questionnaire results
(Table 2) it was found that 40% of the respondents who stated they
had used the tool, had confused it with other planning frameworks,
and the remaining respondents did not state how they had used the
tool. A majority of those interviewed said they had used a former
version of the FSM Toolbox, but not this tool (75%, n = 3). The
remaining interviewee stated that they used the planning tool
questions rather than the tool itself. As no users of this tool were
identified this tool was not included in the discussions below.

The questionnaire completion rate was 52% (n = 167) and the
responses were split across all three platforms (FSMA = 35, GSGS =
23, SuSanA = 20, Other, e.g., emails = 9). All data from the
questionnaire is available in the Supplementary Material for this
paper. Of those who completed the questionnaire 86% (n = 87) were
aware of one or more of these tools. A majority of the respondents
were aware of multiple tools (1 tool n = 19, 2 tools n = 33, 3 tools n =
23). The tool with the highest awareness was the SFD (83%, n = 87)
followed by SaniPath (60%, n = 87) and CSDA (36%, n = 87),
Figure 1. For all the tools most respondents heard about them in

courses or training (Figure 1). Note that the category other included
literature and websites such as SuSanA. Out of those who were aware
of the tools 61% (n = 75) had used them, but a majority of the users
had only used one tool (1 tool n = 30, 2 tools n = 14, 3 tools n = 2).
The most popular tools mirrored awareness and as with awareness
most of the users heard of the tools through courses or training
(Figure 1). The high awareness and use of the SFD was possibly due
to the high levels of ongoing promotion of this tool compared to the
other tools (Peal et al., 2020). The transition from awareness to use
was relatively low for all the tools (SFD = 51% n = 72, CSDA = 35%,
n = 31, SaniPath = 31%, n = 52), therefore an area for further study
for all tools could be how to convert awareness into use.

The number of user interviews varied by tool, with the highest
number of user interviews being for the SFD tool (n = 12) and the
lowest being for CSDA (n = 3). The difficulty in identifying users for
some tools was probably linked to the low usage of the tools. It is
acknowledged that this may have biased the results, there was a lack
of data on the use of the CSDA and Citywide Planning Tool
(Table 2) which led to a lack of data on the outputs, outcomes
and impacts of these tools.

3.2 Tool usage

3.2.1 Shit Flow Diagram (SFD)
Since the development of the SFD in 2014 over 200 SFD reports

have been published on the SFD website, 89 were authored or co-
authored with organizations that developed the tool, while 113 were
authored by other organizations (SFD-PI, 2018b). This demonstrates
that this tool is being used outside the organizations which developed
it. Additionally, it is known that the number of SFD graphics
produced is higher than the number published on the website as

FIGURE 1
The questionnaire respondents’ awareness and use of each tool.
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many users do not submit them (Schertenleib et al., 2021). The
promotion of SFD has been ongoing since its development, which has
probably contributed to its wide usage (Peal et al., 2020). The online
training and the SFD manual availability in different languages were
also thought to play a role in its wide usage, although it should be
noted that all of the reports published on the website, except two were
in English (SFD-PI, 2018b). There is evidence of further development
of this tool in literature, it has been used to predict the impact of
sanitation interventions (Martinez Fernandez et al., 2017) and
monitor the progress of citywide inclusive sanitation (Safi, 2019;
Safi et al., 2022), and was adapted for FSM only (Chhajed-Picha
and Narayanan, 2021).

3.2.2 City Service Delivery Assessment
Reports were identified on the use of the CSDA tool, including

fiveWorld Bank piloting reports (World Bank, 2016), one published
report (USAID, 2020), a journal article (Safi et al., 2022) and two
MSc theses (Nyakutsikwa, 2018; Safi, 2019). The developers were
only involved in the five piloting reports (World Bank, 2016), so the
other reports demonstrate the usage of CSDA beyond the developers
(Nyakutsikwa, 2018; Safi, 2019; USAID, 2020; Safi et al., 2022). Two
of these studies were on the further development of the tool so it
could be used to monitor citywide sanitation progress (Safi, 2019;
Safi et al., 2022).

3.2.3 SaniPath
SaniPath tool has been deployed in ten cities; Accra, Kumasi,

Lusaka, Vellore, Siem Reap, Dakar, Dhaka, Kampala, Maputo, and
Atlanta with the involvement of the developers tool (Amin et al.,
2019; Berendes et al., 2018; Berendes et al., 2020; Hurd et al., 2017;
Raj et al., 2020; Robb et al., 2017; Teunis et al., 2016; Wang et al.,
2017; Wang et al., 2022), these studies were on the development and
deployment on the tool. Two studies were found which did not
include the developers (Ronoh, 2019; Gizaw et al., 2022),
demonstrating use beyond the tools developers. One study used
the tool to explore the seasonal variation of faecal contamination in
transmission pathways (Ronoh et al., 2020), which is beyond the
tool’s intended scope (Table 1).

3.3 Who is using these tools?

Although the tools are very different there was very little
difference in who each tool was targeting, all broadly target
sanitation consultants and decision makers, e.g., planners,
engineers, and local government (Table 2). From the
questionnaire and interviews the predominant users of each of
the tools (>30% for all tools for all types of respondents) were
researchers, who were not being targeted by any of these tools
(Table 2). The exception was for the CSDA as a majority of those
interviewed were consultants (Table 2). The high number of
researchers using these tools was unexpected as the questionnaire
was posted on platforms which target sanitation professionals. This
high academic usage could partially be due to SaniPath and SFD
being developed (Emory University, 2020) and co-developed (SFD-
PI, 2018d) by academic institutes, but this does not explain the high
usage by academics of the CSDA which was developed without their
involvement. High academic usage of the SFD tool was supported by

the fact that 50% of the reports on their website were authored or co-
authored by academics (SFD-PI, 2018b). In terms of SaniPath, a
majority of the reports had been co-published by the developers who
are from academia (Amin et al., 2019; Berendes et al., 2018; Berendes
et al., 2020; Hurd et al., 2017; Raj et al., 2020; Robb et al., 2017;
Teunis et al., 2016; Wang et al., 2017; Wang et al., 2022) and other
documented uses were related to academic institutes (Ronoh, 2019;
Ronoh et al., 2020; Gizaw et al., 2022). There was also evidence of
CSDA usage in academia (Nyakutsikwa, 2018; Safi, 2019). The high
number of academic users interviewed could have been due to bias
related to the sampling strategy (those contacted via secondary data
or referrals by the developers were more likely to be academics), but
a similar pattern was seen in the questionnaire results which had a
completely different sampling strategy. Although the predominant
users of these tools were found to be researchers, over 50% of the
users of each tool were found to fit with each tools’ target groups
(Table 2). Some users were identified by the questionnaire from
professions beyond the tools targeted user group such as public
health practitioners and engineers (Table 2). The wider professional
usage of the CSDA may be due to the current holistic approach to
sanitation, which encompasses the enabling environment. The users
who were noticeably absent for the SFD were political leaders, city
officials, or the local communities, whereas for SaniPath it was local
government officials (Table 2). It is thought that these user groups
were more likely to be involved in reviewing the outputs (Table 1)
than in using the tool. Their absence could partially be due to the
sampling strategy as the platforms used target sanitation experts and
practitioners.

3.4 What types of organizations do the users
work for?

There was an overlap in the organizations which the different
tools were targeting, but this was difficult to compare due to the
difference in the terminology used (Table 1, 2). All three tools
were targeting development banks (which could be considered
development agencies or financial institutions, Table 2). Both
SFD and SaniPath were targeting NGOs, and CSDA and SaniPath
are targeting utilities, but this is where the overlap ends. CSDA is
targeting national financial institutions, and SaniPath includes
municipal governments (Table 2). For both the CSDA and the
SFD the developers expanded the targeted organizations during
the interviews beyond what was found in literature to include
NGOs and academic institutes (Table 2). It was not surprising
that the highest number of users (both identified by the
questionnaire and interviewed) came from academia (Table 2).
The exception was for the CSDA where more users were
interviewed from consultancies. The SFD had the most
variation in the user’s organization type (Table 2) although
they were aligned with the professions targeted, they were not
aligned to the types of organizations being targeted (Table 2), this
was the same for CSDA (Table 2). For the SFD and CSDA under
40% of the users came from the targeted organizations (Table 2).
SaniPath targeted a wider range of organizations, this meant that
a majority of the users were from these organizations (Table 2).
User organizations which were common to all tools were the
private sector and consultancies, interestingly these types of
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organizations were not being specifically targeted by any of the
tools. Although the tools are targeting specific types of
organizations, they are all being used by organizations beyond
this scope. These findings could help the tool developers refine
the targeting of their tools, which could lead to more efficient
promotion and subsequently increased usage.

The high usage of all tools by researchers and within academic
organisations was surprising as they were not targeting this sector
(except SaniPath). This high usage may be due to several reasons;
some have already been discussed. Additional reasons are that the
tools’ outputs visually summarise complex data which can be
used for teaching, and the approaches provide a framework for
data collection for student research. This is possibly why many of
these tools had been used in student research projects (e.g.,
Fernandez-Martinez, 2016; Nyakutsikwa, 2018; Ronoh, 2019;
Safi, 2019).

3.5 Geographies of usage

All of the tools had been predominately developed by
organisations or individuals from high-income countries (HIC)
(SFD-PI, 2018d; Emory University, 2020; Blackett and Hawkins,
2022), but they were targeting LMICs (Table 2). Several questions
about geographies of use were used in the questionnaire to capture
possible complexities of, e.g., a person might be based in a HIC, but
implementing the tool in LMICs. It was found that a majority of
the users identified through the questionnaires were nationals of
LMICs (83%, n = 46), and only a few users were nationals of HICs
(17%, n = 46). No users who were nationals of countries in Latin
America and the Caribbean or Oceania were identified through the
questionnaire or interviews (Figure 2). A reason for the lack of
respondents from Latin America and the Caribbean may be due to
the study’s English language bias. This was supported by the fact
that most of the users identified through the questionnaire were
from countries where English is an official language (32 out of 46).
This could be linked to the fact that all of the tools were originally
developed in English and that only one tool, the SFD is currently
available in other languages (SFD-PI, 2018c). When a comparison
was made between the users’ nationality, the location of their
headquarters and the country they were currently based, there was
no change in the dominant regions (Figure 2). Figure 2 hides some
of the complexities of the geographies of use, e.g. three respondents
had headquarters in HICs, but were currently working or based in
different LMICs, and many of the users were working in additional
countries or regions (48%, n = 46). This data demonstrates that
although these tools were developed by organisations and
individuals mainly from HICs, they are being used by people
from, based in and working for organisations in LMICs, who
are the targeted users of these tools (Table 2). As there was little
difference geographies of use data, where the users were currently
based was used for exploring this further in the section below.

3.5.1 Shit flow diagram (SFD)
The SFD is aimed at urban areas in Asia and Africa (Table 2),

predominately urban areas in LMICs. Of the reports published on
the SFD website 97% are on cities in LMICs, 76% have been
developed for cities in Asia and 18% have been developed for

Africa (SFD-PI, 2018a). The high number of SFD reports for
Asia could be attributed to the Indian government incorporating
the tool into their city sanitation plans (KI-1, Peal et al., 2020), as
39% of the reports from Asia are from cities in India (SFD-PI,
2018a). A majority of the SFD users identified via the questionnaire
were based in LMICs (Table 2), with the highest number based in
Kenya (30%, n = 37) and then India (14%, n = 37). The high number
of Indian-based users was expected, but the high number of Kenyan-
based users was not. This was thought to be due to the highly
developed and innovative sanitation sector in the country.

3.5.2 City service delivery assessment (CSDA)
The piloting studies on the CSDA tool covered five cities, in five

countries Peru, Bolivia, Ethiopia, Bangladesh, and Indonesia,
spanning Africa, Asia and South America (World Bank, 2016).
Although neither the manual (Blackett and Hawkins, 2020) nor the
developers (KI-2, KI-3) stipulated a target region or regions, the tool
was originally developed for urban FSM, so it can be assumed to be
targeting urban areas in LMICs. The CSDA tool has been used in
other cities in LMICs including Aba, Nigeria (USAID, 2020),
Tiruchirappalli, India (Safi, 2019; Safi et al., 2022) Kampala,
Uganda (Nyakutsikwa, 2018; Blackett and Hawkins, 2022), and
South Africa (KI-2, KI-3). The users identified from the
questionnaire were based in Asia and Africa (Table 2), so they
can be considered to be from LMICs. A majority of the users
interviewed were from HICs (Table 2), this may be due to the
small sample size. The lack of identified use of the tool in Latin
America and non-Anglophone Africa may be due to the language
barrier as the manual is only available in English (Blackett and
Hawkins, 2020).

3.5.3 SaniPath
The SaniPath tool was designed to be used in low-resource

urban areas (Raj et al., 2020), the tool developer did not state the
targeted tool regions, but low-resource urban areas are mainly found
in LMICs (KI-4). The SaniPath website states that the tool has been
implemented in six African cities (Accra, Kumasi, Lusaka, Dakar,
Kampala, Maputo) and three Asian cities (Dhaka, Vellore, Siem
Reap) (Emory University, 2020). The users identified from the
questionnaire were currently working in Africa (75% from
Kenya) and Asia 7%, (Table 2). The high number of African
users may be linked to the initial deployment of the tool in
Africa (Emory University, 2020), but the high usage of the
SaniPath tool in Kenya was unexpected as the tool had not been
deployed in this country. Again, this could also be due to the highly
developed and innovative sanitation sector in Kenya. While over
half of the users interviewed were also working fromAfrica, it should
be noted that some were working from Europe and North America
(Table 2).

3.6 What are the tools being used for?

3.6.1 Shit flow diagram (SFD)
The SFD tool was designed for advocacy purposes to support

decision-making on urban sanitation planning (SFD-PI, 2018a) this
aim was reiterated by the developer (KI-1). This was the
predominant theme identified by the users that were interviewed
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(40%, n = 12) and questionnaire respondents (40%, n = 37). One
user stated that they used the SFD. ‘. . .to convey a complex message
to decision-makers in a much easier way’ (U2). Another major use of
the tool was found to be for academic purposes (questionnaire 28%,
n = 37 and interviewees 26%, n = 12), although little information was
given on what was meant by this. Other uses of this tool include
situational analysis (questionnaire 24%, n = 37) and planning
(interviews 17%, n = 12 and questionnaire 8%, n = 37) both of
which could be considered advocacy to support decision making.
Interestingly 17% of those who were interviewed (n = 12) reported
using the tool for monitoring, this type of usage was also found in
literature (Safi, 2019; Safi et al., 2022), demonstrating that the usage
of the tool is evolving beyond its original scope. The users stated that
the SFD report (output, Table 1) was used to support decision-
making on sanitation planning (questionnaire respondents 38%, n =
37 and interviewees 50%, n = 12), which fits with its purpose
(Table 1). Another usage of the outputs was to contribute to
reports and academic articles (questionnaire 28%, n =
37 interview 25%, n = 12), which links to the high usage of the
SFD tool in academia. The remaining participants did not state how
they used the outputs (20%, n = 37) or the SFD process was still
being implemented (14%, n = 37 and 25%, n = 12).

3.6.2 City Service Delivery Assessment (CSDA)
The CSDA tool aims to provide a situation analysis of the

enabling environment along the service chain (Blackett and
Hawkins, 2020; World Bank, 2016, KI-2, KI-3). In Nigeria the
CSDA tool was used to study the city sanitation program,
including policy and planning (USAID, 2020). The users of the
CSDA identified through the questionnaire stated that they used the
tool to understand the sanitation context of the city (45%, n = 11),
for academic purposes (45%, n = 11) and the others did not explain
how they used the tool (10%, n = 11). The output of the CSDA was

designed to be used in stakeholder meetings and to support the
development of projects (Table 1). A majority of the questionnaire
respondents stated they used the output this way (63%, n = 11). Due
to a large number of academic users the tool’s outputs were also used
for academic purposes (interviewees 33%, n = 6, questionnaire
participants 37%, n = 11). The other users interviewed
mentioned that they did not use the outputs, due to uncompleted
projects (67%, n = 6).

3.6.3 SaniPath
The SaniPath tool aims to identify and compare risks

associated with exposure to faecal contamination across
various exposure pathways due to poor sanitation in urban
settings where there are low resources (Emory University,
2020; Raj et al., 2020), this was reiterated by the developer
(KI-4). In addition, the tool helps prioritize sanitation
investments based on exposures that have the greatest public
health impact (KI-4). A majority of SaniPath users used the tool
for its intended purpose (interviewees 67% n = 6, questionnaire
50%, n = 16), but again this tool was found to be used extensively
for academic purposes (questionnaire respondent 50%, n =
16 and interviews (33%, n = 6). SaniPath’s outputs (Table 1)
are designed for use in advocacy and to support decision-making
on urban sanitation policies, investments, and programs (Raj
et al., 2020), which was reiterated by the tool developer (KI-4). A
majority of users were found to be using SaniPath for this
purpose (questionnaire respondents 50%, n = 16, interview
participants 67%, n = 6), one interviewee stated “. . .it is
actually helped to make a decision on what we spend the
money for sanitation improvement in Dhaka” (U12). In line
with the use of the SaniPath tool, a high number of users used
the output for educational purposes (questionnaire, 50%, n =
16 and interviews 33%, n = 6).

FIGURE 2
Questionnaire respondents’ nationalities, current working location and location of their headquarters (n = 46)
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3.7 Is there any evidence of impact from
these tools?

3.7.1 Shit Flow Diagram (SFD)
Impact (Table 1) is related to usage and time, therefore the most

impactful tool should be the oldest tool which has been used the
most. The three tools explored were all developed at approximately
the same time (2011–2014), but approximately twice the number of
users were identified via the questionnaire for the SFD compared to
CSDA and SaniPath (Table 2). Several reasons were thought to have
contributed to the high usage of the SFD compared to the other tools
they include; ongoing promotion activities, comprehensive
guidance, helpdesk accessibility, comprehensive training resources
and activities, and ease of access. Additionally, the tool’s website and
platform have remained consistent throughout its development.
These aspects were not explored with the users and this
highlights the need for further research into the drivers of tool
usage. It was therefore expected that the SFD would have a higher
impact than the other tools.

The impact of the SFD tool is defined in Table 1. The tool developer
stated that it is impossible to claim any impact due to the complexity and
diversity of cities and their sanitation landscape (KI-1). However, half of
the users interviewed (50%, n = 12) mentioned impacts that occurred
from using the tool. For example, one user stated that the impacts
included securing funds, developing standard operating procedures for
pit emptiers, and rebranding the sanitation and sewerage company (U6).
Other impacts highlighted by the users included an increased mandate
for utilities to cover both sewered and non-sewered sanitation and
increased emphasis on the provision of safe sanitation (U8). This
impact had not been documented in other publications. A quarter of
the users interviewed could not state the impact of using the tool, this was
due to the implementation of the tool being interrupted by the pandemic,
and a further quarter of the users interviewed were using the tool as an
academic exercise. Additionally, one paper documented the impact of
using the tool in Indonesia (Trinanda, 2018). Through the questionnaire
18 out of 37 users stated that some impact had occurred from using this
tool. The themes highlighted included creating more awareness of the
sanitation situation (22%), encouraging communications amongst
stakeholders (11%), greater buy-in from the government (8%),
increasing the percentage of onsite sanitation users (9%), while 50%
stated there was no impact after using the tool. The impacts stated by the
questionnaire respondents are outcomes rather than impacts of using this
tool (Table 1).

3.7.2 City Service Delivery Assessment (CSDA)
The impact of the CDSA is defined in Table 1, which was aligned

with the developers’ views (KI-2). As the literature on CSDA was on
the development and piloting of the tools (World Bank, 2016;
Nyakutsikwa, 2018; Safi, 2019; Safi et al., 2022) impact was not
described. The users that were interviewed (n = 3) were not able to
describe any impact of these tools as they were using the tool for
research purposes (33%), the tool results were not used (33%), or the
program ended abruptly (33%). Some questionnaire respondents
did highlight the impact of these tools (45%, n = 11), the themes
highlighted included; a clear understanding of the sanitation status,
prompt analysis, and understanding of the enabling environment.
As with the SFD, all the themes highlighted by the questionnaire
respondents were outcomes rather than impacts (Table 1). The other

users identified through the questionnaire stated that they used the
tool outputs for academic purposes (45%, n = 11) or did not state any
usage and therefore could not account for any change (10%, n = 11).
No impact from the use of this tool was found in this study.

3.7.3 SaniPath
The intended impact of the SaniPath tool according to the

developer is to collect public health evidence for decision-making
and advocacy purposes, as commented: “. . .and if we want sanitation
investments, to have some sort of public health impact, we should be
using some public health evidence to guide that decision” (KI-4), which
is in line with the impact defined in Table 1. There is evidence of the
impact of SaniPath in literature, e.g., evidence-based policymaking in
Kumasi, Ghana (Emory University, 2020; Raj et al., 2020) and
prioritisation of sanitation interventions and investments in
Kumasi, Ghana and Lusaka, Zambia (Raj et al., 2020). The users
identified through the questionnaire (n = 16) highlighted creating
awareness and a better understanding of the exposure pathways
(25%), as with the previous two tools this theme was related to
outcomes rather than the impact of this tool (Table 1). A majority of
the questionnaire respondents (75%, n = 16) did not state any impact
or left this question blank. Two of the users that were interviewedwere
involved in the studies which had been published (Raj et al., 2020).
They highlighted additional impact which was not captured in the
publication such as the development of a waste management plan,
redesigning of the watermonitoring systems, and the introduction of a
hygiene and behaviour change course in schools (U20). The other
interviewees could not state any impact of the tool due to interruption
of their projects or due to the tool being for academic purposes.

3.7.4 General impact
It was clear that questionnaire respondents struggled with the

concept of impact and focused on the outcomes. This could be due
to the complexity of linking impact back to these tools as described by
KII-1 and perhaps due to a misunderstanding of the impact that these
tools are trying to achieve which is broad and overarching (Table 1). In
comparison, the outcomes were more tangible and can be easily linked
with each tool. All of the tools had high usage in the academic sector,
which none of these tools was targeting. This was linked to the low
impact of these tools as they were not being used by practitioners, but as
an academic exercise. This type of usage can increase awareness and
usage of these tools, and the issues which they address. It is hypothesised
that the students exposed to these tools will go on to become
practitioners, which could lead to further usage and ultimately impact.

3.8 Study limitations

Some of the limitations of this study have been highlighted in the
discussion. They include the English language bias, the literature review
only searched for publications in English, the survey was written in
English and the platforms where the survey was posted were English
language only. The platforms used to distribute the survey were
targeting urban sanitation specialists, which may be considered the
users of the tools, rather than of the tools’ outputs. So those using the
outputs of these tools are under-represented in this research. It was also
assumed that the platforms used were targeting sanitation professionals
not academics. The study was undertaken during the pandemic and
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those working in the sanitation sector were key workers, so may not
have had time to participate in this study. This could account for the low
number of people who were willing to be interviewed from the survey
and who were identified by secondary data. The pandemic also
impacted the use of these tools, it was noted some projects were put
on hold during this period, so their usefulness could not be determined.
Finally, many of those who participated in the study confused outcomes
with impacts, which means that further impacts may have been
uncovered if different methods had been used. A majority of those
who were interviewed (68%) were referred by the tool developers which
may have caused the results on impact to be positively biased.

4 Conclusion

Although the four tools had been developed within 3 years of
each other very different usage was found, and no users were
found for the Citywide Planning Tool. The high awareness and
usage of SFD compared to the other tools was attributed to
ongoing promotion activities, comprehensive guidance,
helpdesk accessibility, training resources and activities and ease
of access, the inverse of these factors could play a role in the lower
usage of the other tools. More research is required on what factors
drive tool usage, as this study shows that if a tool is developed it is
not automatically used. This study found that the three of the tools
were being used by those they were designed for and there was
evidence of outcomes from using these tools, which were
previously undocumented. While impact will take time and it
can be complicated to directly attribute impact to a specific tool,
evidence was found of the impact of the SFD and SaniPath. The
authors would encourage the users of these tools and their outputs
to document their experiences via publications and reports, so
that we can further understand their usage and impact.
Surprisingly researchers were found to be the main user group
for these tools, this led to SFD and CSDA evolving beyond their
original scope, which could have implications for future impact.
The use of these tools in academia should not be undervalued, as
this will probably lead to mainstreaming of these tools, future
usage and impact.
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