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Abstract: This study sought to coalesce sector knowledge on the use of systems approaches for sustainable water, sanitation, and hygiene
(WASH) service delivery in low-income countries. To accomplish this objective, we remotely convened a panel of WASH sector experts
within a multiround survey to identify, characterize, and prioritize the necessary attributes of WASH systems approaches. The first survey
round asked experts to comment on the conceptual differences between traditional approaches and systems approaches to WASH. Emerging
within responses from the first survey round were attributes of WASH systems (i.e., factors, actors) and attributes of WASH systems approaches (i.e., flexible, scalable). A three-round Delphi survey was then administered to reach consensus on these emerging attributes. By the
final round of the Delphi, consensus was reached on every attribute of WASH systems, indicating alignment between the experts on the
fundamental characteristics and implications of WASH systems. Consensus was also reached on the majority of attributes of WASH systems
approaches, including the inherent interconnected and complex nature of WASH systems. However, consensus was not achieved on attributes
related to mapping WASH system interconnections, convening stakeholders in collective action, and the appropriateness and feasibility of
applying systems approaches at scale. This indicates a need for future research that explores practical and scalable tools and techniques to map
and evaluate WASH system interactions, and ways to engage relevant actors in these approaches to collectively apply systems knowledge.
DOI: 10.1061/(ASCE)EE.1943-7870.0002010. This work is made available under the terms of the Creative Commons Attribution 4.0
International license, https://creativecommons.org/licenses/by/4.0/.
Author keywords: Water, sanitation and hygiene (WASH); Systems approach; Delphi; Sustainability; Developing countries.

Introduction
Sustaining delivery of services remains an enduring challenge in
the global water, sanitation, and hygiene (WASH) sector, with studies still showing appreciably low rates of long-term service functionality (Foster et al. 2020; Foster and Hope 2017). Widespread
service failures undermine development efforts aimed at providing
access to clean water and sanitation for all, United Nations Sustainable Development Goal 6 (SDG6), with a host of direct and indirect
impacts on achieving other SDGs (Le Blanc 2015). These failures
have historically taken place within traditional, project-oriented
WASH service delivery schemes, which have focused on siloed inputs including hand pumps, latrines, water committee training, and
hygiene messaging, rather than interventions that target whole systems change (Parris and Kates 2003; Sparkman and Sturzenegger
2017; Thomas 2016). Accordingly, the WASH sector is becoming
increasingly aware of the complex interplay of interdependent factors (e.g. funding, management, institutional capacity) and actors
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(e.g., local government, service providers, private sector) that simultaneously and dynamically influence the functionality and sustainability of WASH services (Casella et al. 2015; Cronk and Bartram
2017; IRC 2019; Neely 2015; Walters and Javernick-Will 2015).
The complex nature of WASH service sustainability points to the
need for ‘systems approaches’ for planning and managing services
(Lockwood et al. 2016). Such approaches seek to gain actionable
information on the interlinked and multidimensional components
within the local ‘WASH system’ in order to inform more complexityaware strategies for the planning, operation, management, and financing of WASH services (Schouten and Moriarty 2013).
The WASH sector has recently seen a marked increase in the
number and scope of literature reporting on the use of systems approaches to improve decision making around WASH services
[e.g., (Huston and Moriarty 2018; Lee et al. 2016; Neely 2019)].
This points to an acknowledgment within the sector of the need to
move away from traditional approaches toward approaches that
better consider and even embrace complexity. While there have
been numerous applications of systems approaches to WASH, a
recent systematic literature review by Valcourt et al. (2020a) of
WASH systems approaches applied over the last two decades
showed limited sector agreement on common or key attributes
of WASH systems or systems approaches. These attributes include
the role of factor interactions, scale of the system boundary, processes for identifying leverage points in the system, and the consideration of feedback mechanisms (Valcourt et al. 2020a). They
found that while sector actors were employing a diverse suite of
methods and approaches, there was little alignment on which factors and dimensions of WASH systems were most relevant to sustainability and how they should best be explored, identified, and
addressed. We posit that this lack of common understanding of
the attributes of WASH systems and of actionable and effective
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Fig. 1. Summary of the multistep research process.

approaches for understanding and intervening in these systems
hinders the sector’s ability to advance the use of systems approaches. To address this issue, our study sought to inform and refine sector knowledge, practice, and future research by evaluating
consensus—and nonconsensus—on the key attributes of systems
approaches in WASH. The overarching research question of this
study is: What are the key attributes of systems approaches compared to traditional approaches to WASH service delivery?
To accomplish this objective, we remotely convened a Delphi
panel of WASH sector systems experts who were asked to elaborate
on the key attributes of WASH systems and systems approaches
and to then rate and comment on the importance of each attribute.
The study then coalesced the panelists’ responses into attribute categories and iteratively asked them to rate and comment on these
categories in multiple survey rounds until consensus or nonconsensus was achieved. Based on the study findings, we present recommendations for future research and practice in this emerging field
within the WASH sector.

Methods
We convened leading WASH experts, including practitioners, academics, donors, and government officials, in a remote, multiround
Delphi survey administered using Qualtrics. The Delphi method
offers a structured and systematic means to remotely evaluate consensus between experts on a complex and nuanced topic (Linstone
and Turoff 1975). The remote nature of the approach enables a more
structured form of consensus between panelists whose responses
are kept anonymous, eliminating the effects of one panelist’s responses on others (Hallowell and Gambatese 2009). To promote
consensus within the Delphi survey process, participants are provided with aggregated feedback of responses from all of the survey
responses and are then asked if they would like to adjust their
responses based on the compiled feedback. This process is repeated
© ASCE

within multiple survey rounds until consensus or nonconsensus is
achieved. This typically consists of between three and four rounds
of iterative rating and comment responses. The Delphi method has
been applied to explore consensus perspectives in many different
industries including construction management (Hallowell and
Gambatese 2009), humanitarian shelter and settlements (Opdyke
et al. 2021), education (Dole et al. 2003; Finelli 2019), medicine
and health sciences (Diamond et al. 2014), business and economics
(Evans and Volery 2001; Whitehead et al. 2005), as well as the field
of WASH (Kaminsky and Javernick-Will 2013; Nelson-Nuñez
et al. 2019; Pugel et al. 2020; Walters and Javernick-Will 2015).
The overall research process used for this study, which included
an initial survey and three follow-up Delphi rounds, is shown in
Fig. 1 and described in detail in the following sections.
Panelist Selection
Following recommendations from Hallowell and Gambatese
(2009), a numeric scoring criterion was used to guide our selection
of panel experts (Table 1). We used a set of criteria to identify individuals who had substantial experience working within the WASH
sector on the design, application, and/or study of systems approaches. Example criteria included the publication of WASH
systems literature, membership of a recognized WASH sector committee, and field experience implementing WASH programming,
each with weighted criteria values. A summed score of four or
above was required for participation in the study.
There were 43 sector experts considered for participation in the
study, of which 39 met the selection criteria and were invited to
complete the initial survey. Recruitment of experts was based on
a thorough review of the WASH systems literature, conference presentations on WASH systems, and the authors’ robust knowledge of
the key players within the WASH systems sector. Of these participants, 17 ‘panelists’ completed all of the survey rounds. Of the
final 17 panelists, 59% were WASH practitioners, 23% were
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Table 1. Criteria for Delphi panel expert selection
Criteria

Points
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Primary or secondary writer of scholarly journal articles that focuses on systems approaches to WASH.
Primary or secondary writer of grey literature/ journal articles on systems approaches to WASH.
Member or chair of a nationally (any country) recognized committee focused on WASH service planning, implementation,
and management.
At least 10 years of professional experience with WASH service planning, implementation, and management.
Master or Ph.D. in the field of WASH service planning, implementation, and management.

academics, and 18% were either donors or government officials.
The recruited experts’ WASH experiences spanned nearly every
continent of the world, with a particular emphasis on countries
in Latin America, Asia, and Africa that are not on track to meet
SDG Goal 6: “Ensure access to water and sanitation for all.” Overall, the study’s panelists had an average of 18 years of experience in
the WASH and international development sectors, with a minimum
of 7 years of experience.

3
1

Interquartile RangeðIQRÞ ¼ Q3 − Q1
Where



ðn þ 1Þ
Q3 ¼ 3 ×
4


and

Q1 ¼

P

Delphi Rounds 1–3
Following the initial survey, three subsequent Delphi rounds were
conducted where panelists were given the list of attributes and definitions developed from the previous round(s) and asked to rate
their level of agreement on whether the attribute should be considered a key aspect of WASH systems approaches using a six-point
Likert scale (1: Strongly disagree, 2: Disagree, 3: Slightly disagree,
4: Slightly agree, 5: Agree, and 6: Strongly agree). Panelists were
also asked to provide comments on their rationale for each rating.
After each round, we reevaluated the relative rating of each attribute
to assess consensus and also qualitatively analyzed panelists’ openended responses to examine their descriptions of each attribute.
This methodology employed an initial survey with three subsequent rounds to seek consensus while minimizing bias based on
best practices for Delphi studies (Hallowell and Gambatese 2009;
Hsu and Sandford 2007)
Quantitative Assessment: Consensus Measures
Consensus was evaluated using panelists’ Likert score ratings (1–6)
to determine the median absolute deviation (MAD) and interquartile range (IQR) of responses. In accordance with standard Delphi
practice (von der Gracht 2012), we defined consensus being met for
each attribute if both the MAD and IQR measures were determined
to be less than or equal to 1.0. The mathematical equations for
MAD and IQR are shown in Eqs. (1) and (2)



n ¼ set of Likert scores X–fX 1 ; X 2 ; X 3 : : : :X n 
Median Absolute Deviation ðMADÞ ¼

The study consisted of an initial survey and three sequential rounds
of surveys administered using an online Qualtrics questionnaire.
The initial survey asked participants to define a systems approach
to WASH within open-ended text responses and to indicate the key
attributes that differentiated systems approaches from traditional
approaches employed within the sector. Responses were qualitatively coded to identify and group distinct attributes that are essential to systems approaches. For example, one respondent indicated,
“The key differences [between traditional and systems approaches
to WASH] relate to the holistic perspective and the attention to
the interaction between the different elements of the system.” From
this response, we coded Holistic and Interactions as attributes of
WASH systems approaches—two attributes that later emerged from
the panelist responses. Definitions were also developed for each
attribute based on the panelists’ responses.

ðn þ 1Þ
4

ð1Þ

where

Initial Survey
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1 per article up to 3
1 per article up to 3
1

jxi− x̄j
n

ð2Þ

where xi = observed Likert score; x̄ = median Likert score; and
n = count of scores.
Delphi Rounds: Rescoring
In Delphi rounds 2 and 3, the distribution of scores was presented to
panelists (as a pie chart) for attributes that did not reach consensus,
along with comments from panelists representing opposing perspectives of each attribute. Panelists were then asked to reevaluate
their scores in light of the group’s previous round scoring and comments. The panelists were also asked to explain their rationale for
maintaining or changing their score in an open-ended comment
section for each attribute. The output from this process was a list
of attributes that reached consensus, those that did not, and a rich
set of comments provided by panelists on the rationale of their
scoring. Scoring and comments for attributes that reached consensus were not presented to panelists in subsequent rounds.
Quantitative Assessment: Attribute Agreement
In addition to evaluating measures of consensus, we also evaluated
the overall level of attribute agreement for each attribute by summing agreement scores (Likert scores 4–6) and disagreement scores
(Likert scores 1–3) for all of the panelists’ ratings for each attribute.
Summing Likert agreement scores in this way is an acceptable
approach for nonparametric analysis to assess levels of agreement
on Likert-rated dimensions (Jamieson 2004; Murray 2013). The
numerical agreement and disagreement scoring for each attribute
was based on the distance of the Likert score from neutral. For example, an agreement value of 3 would be assigned for all panelists
who rated an attribute as “6—Strongly Agree,” whereas a value of 2
would be assigned for all ratings of “5—Agree,” and so on.
Similarly, a disagreement value of 3, 2, and 1 would be assigned
for Likert rating of “1—Strongly disagree,” “2—Disagree,” and,
“3—Slightly disagree,” respectively. Thus, attribute agreement
and disagreement scores were the summation of these values for
each attribute across all panelists’ scoring.
Whereas attribute consensus was based on the deviation of
Likert scores (MAD, and IQR)—representing the overall consistency of scoring across panelists—the agreement and disagreement
scores revealed the relative prioritization that the group of panelists
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associated to each attribute as key dimensions of systems
approaches to WASH.
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Results and Discussion
Panelists’ responses from the initial survey—where they were
asked to identify and define attributes of WASH systems approaches
in open-ended responses—resulted in 22 unique attributes. In
reviewing these attributes, two distinct thematic categories clearly
emerged from panelists’ responses that were used in subsequent
rounds to group the attributes: (1) attributes inherent to WASH
systems themselves (nine attributes), and (2) attributes inherent
to WASH system approaches (thirteen attributes). Attributes of
WASH systems highlighted important characteristics of the local
or regional context, whereas attributes of WASH systems approaches pointed to characteristics of an approach or framework
through which to understand and navigate WASH systems.
WASH Systems versus Systems Approaches
Notably, some attributes that panelists identified were described as
having dimensions of both WASH systems and systems approaches.
For example, while the attribute Interactions emerged as a component of both WASH systems and systems approaches, the way in
which panelists defined it in these two contexts were considerably
different. As one panelist indicated: “WASH systems are made up
of complex and interlinked systems of people, laws, political and
financial institutions, private companies, technologies, markets all

constantly interacting, both formally and informally and responding
to different sets of incentives, sanctions and influences.” Yet, another
panelist noted how Interactions could also be an attribute of WASH
systems approaches, indicating: “The key differences [between traditional and systems approaches] relate to the holistic perspective and
the attention to the interaction between the different elements of the
system.” Similar observations were made for two other sets of factors
including Adaptative (WASH systems are adaptive and change over
time) and Adapts (systems approaches are adaptable to changes in
the WASH system) as well as Nonlinear (WASH systems have nonlinear behavior) and Nonlinear Progress (systems approaches can
consider the nonlinearity of WASH systems).
Considering the nuances that panelists used to describe the
differences between these attributes and others, we considered it
important to delineate between a WASH system and WASH systems approaches in reporting our findings to accurately represent
panelists’ conceptualizations of these attributes. Thus, based on
panelists’ responses, the 22 attributes were assigned to either or
both of the categories of “WASH systems” and “WASH systems
approach” as presented in Table 2, with definitions provided for
each attribute based on an analysis of the wording used by panelists’ in their responses in the initial survey round.
Results of the analysis of the Delphi consensus and agreement
measures for each attribute are presented in Table 3, including the
round in which consensus was achieved, if applicable. Additionally, detailed results of the distribution of panelists scores for each
attribute of WASH systems and systems approaches are shown in
Figs. 2 and 3, respectively.

Table 2. Attributes of WASH systems and WASH systems approaches identified by panelists in the initial survey round
Attribute
Attributes of WASH systems
Actors
Factors
Incentives
Interactions
Nonlinear
Feedback
Adaptive
Contextual
Complexity
Attributes of WASH systems approaches
Monitoring
Adapts
Mapping the system
Holistic
Long-term thinking
Interactions
More than technical
Collective action
Human systems
Leverage points
Nonlinear progress
Scalable
Flexibility
© ASCE

Definition
Relevant WASH service stakeholders whose actions drive system outcomes (e.g., government, the private
sector, households, suppliers, etc.)
Aspects or components of the WASH system that drive system outcomes (e.g., finances, politics, environmental
resources, etc.)
Motivations, sanctions, and/or policies that drive actor decisions and actions
Interconnections, relationships, and/or interdependencies between system elements
Unpredictable and disproportionate system outcomes that point to the “whole not being equal to the sum of the
parts”
Circular causality between system elements that influence system behavior over time
Components and conditions of elements in the WASH system evolve and change over time
Elements of each WASH system (both actors and system components) are specific to a given geographical or
geopolitical boundary and context
The very nature of the WASH system is complex—where understanding individual system elements provides
little insight into service delivery outcomes
Provides continual monitoring and evaluation of what is working (and not working) in the WASH system
Monitors and responds to shifts or changes in the WASH system
Provides a process for mapping the components and connections of the system
Offers a holistic perspective and attention to all of the different elements of the WASH system, as opposed to
focusing only on specific parts of the system
Considers long-term outcomes versus short-term outcomes—a de-emphasis on the attribution of donor and
NGO activities
Seeks to identify and characterize the interactions between WASH system elements
Looks beyond technical drivers of sustainable WASH service delivery
Fosters collaboration between actors; from a standpoint that a broad spectrum of stakeholders must work
together to achieve sustained services
Considers and appreciates the influence of human behavior on service delivery outcomes
Enables identification of root causes, structural gaps and programmatic weaknesses
Acknowledges that the way a system evolves over time is not a linear, predictable set of benchmarks but rather
nonlinear and dynamic
Is relevant and scalable to regional and national levels
Is applicable to a broad range of technical, regional, social, and geopolitical contexts
05022002-4
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Category
WASH systems
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WASH systems approaches

a

Ranka

Attribute

Attribute
agreement
score

Median

MAD

IQR

1
2
3
4
4
6
6
8
9

Actors
Interactions
Factors
Incentives
Feedback
Nonlinear
Contextual
Adaptive
Complexity

48
46
41
39
39
38
38
31
27

0
0
3
3
2
0
2
7
1

6
6
6
6
5
5
5
5
4

0.18
0.29
0.65
0.76
0.71
0.59
0.76
0.82
0.71

0
1
1
1
1
1
1
1
1

1
2
3
4
5
5
7
7
9
9
11
12
13

More than technical
Monitoring
Adapts
Interactions
Leverage points
Flexibility
Long-term thinking
Human systems
Mapping the system
Nonlinear progress
Holistic
Collective action
Scalable

45
41
40
38
36
36
34
34
33
33
29
22
19

0
0
0
0
1
0
5
0
0
4
4
8
10

6
5
5
5
5
5
5
5
5
5
5
4
4

0.35
0.53
0.47
0.35
0.59
0.35
0.94
0.47
0.65
0.65
0.82
1.06
1.12

1
1
1
1
1
0
1
0
2
0
1
2
2

Attribute
disagreement
score

Consensus round
Round
Round
Round
Round
Round
Round
Round
Round
Round

1
1
1
1
1
1
1
3
2

Round 1
Round 2
Round 1
Round 1
Round 1
Round 1
Round 1
Round 1
No consensus
Round 1
Round 1
No consensus
No consensus

Ranked by agreement score with disagreement score, median, median absolute deviation (MAD), and interquartile range (IQR) of Likert scores.

At the completion of the Delphi panel, all nine attributes of
WASH systems reached consensus and 10 out of 13 attributes
of a WASH systems approach reached consensus. The three
attributes of a WASH systems approach that did not achieve
consensus were: Mapping the System, Collective Action, and
Scalable.

Analysis of the results presented led to the emergence of four
salient findings: (1) A majority consensus on the attributes of WASH
systems and systems approaches, and nonconsensus on (2) approaches for mapping WASH systems, (3) the role of collective
action in a systems approach, and, (4) the ability for WASH systems approaches to be scalable. Panelists reached consensus on all

Fig. 2. Scoring distribution for attributes of WASH systems. The total number of panelists per scoring category is indicated on each score bar. The
round in which each attribute achieved consensus is noted in parentheses in the attribute caption. Attributes that did not achieve consensus are denoted
with a diamond shape. The median value of rating in the final round of scoring is shown on the righthand side of the chart.
© ASCE
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Fig. 3. Scoring distribution for attributes of WASH systems approaches. The total number of panelists per scoring category is indicated on each score
bar. The round in which each attribute achieved consensus is noted in parentheses in the attribute caption. Attributes that did not achieve consensus are
denoted with a diamond shape. The median value of rating in the final round of scoring is shown on the righthand side of the chart.

nine attributes of WASH systems that emerged within the study and
10 of the 13 attributes of WASH systems approaches. Of the 19
attributes that did reach consensus, 16 did so in the first round, with
one that did so in the second round, and two in the third round.
While this appears to infer a higher level of alignment on these
19 attributes than noted in the literature cited above, attribute
agreement—and disagreement—scores across these attributes varied considerably, with attribute agreement scores varying between
27 and 48, and disagreement scores varying between 0 and 7. This
illustrates the nuance of the panelists’ perspectives on WASH systems and WASH systems approaches. In the following sections, we
discuss these findings in detail using panelist comments and quantitative measures of the Delphi survey. To draw a connection between the findings in Table 3 in this discussion, we present, in
brackets, the properties of each attribute [agreement score, rank
(n of 9 for attributes of WASH systems and n of 13 for attributes
of WASH systems approaches), and the round (R1, R2, or R3)
when consensus was achieved (if applicable) or “NC” for no
consensus].
Consensus on the Attributes of WASH Systems
All attributes of WASH systems achieved consensus in the first
round except for Complexity [27, 9 of 9, R2] and Adaptive [31,
8 of 9, R3]. However, the agreement scores for these attributes varied from 27 to 48 out of a possible score of 51 (17 panelists x level 3
© ASCE

agreement), indicating important differences in how essential of an
attribute of the WASH system panelists deemed them to be.
Consensus on the importance of the highest agreement score of
any of the attributes, Actors [48, 1 of 9, R1] was reached quickly in
the first round; however, panelists responses indicated that the
attribute was not always conceptualized as the noun “actors” but
also as the verb “acting,” as well as actors’ roles and influence on
the system. As one participant indicated, “what really matters is the
role(s) [actors] have assumed and how well they fulfill them.” This
concept of roles was noted by participants when they indicated that
the relationships (or interconnections) between actors were as important as the actors themselves. This suggests that while panelists
firmly agreed that Actors are a key part of the system, the roles they
play, the relationships between them, and how these are conceptualized may still be a topic of study and debate.
While panelists also reached consensus that Factors [41, 3
of 10, R1] are an essential attribute of WASH systems, many
responses consider the attribute to be too obvious or broad to be
actionable. For example, one panelist noted that “As soon as you
use the term WASH system, it assumes a complex adaptive system
and then the idea of ‘factors’ is inherent anyway.” Regarding the
breadth of the use of the term ‘factors’, another panelist noted that
“Factors is a catch-all phrase, unlike actors which is fairly straightforward : : : using ‘factors’ risks becoming jargon.” Other panelists
thought that issue was one of semantics and that the term was interchangeable with terms such as elements, components, resources,
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roles, and rules. Notably, the latter three terms are considered part
of the “5Rs” of a local systems approach (USAID 2014), along
with relationships and results; terms that were also used by panelists in responses to other attributes. Overall, this appears to indicate
that while Factors are clearly considered a part of WASH systems,
issues of lexicon and terminology affect how experts actualize the
concept. These discrepancies could lead to misunderstandings in
communicating complex concepts around systems approaches to
WASH as well as hinder the ability of sector practitioners to share
lessons learned around this emerging field of practice. This highlights the importance of the need for thoughtful consideration of
factor terminology applied within, and across, any WASH systems
approach.
Panelists also readily agreed on the role of Interactions [46, 2 of
9, R1] as a fundamental attribute of the WASH system with
the second-highest agreement score of all attributes. Importantly,
multiple panelists noted that interactions determine system performance and outcomes and thus are a key part of WASH systems. For
example, one panelist responded that Interaction/interconnectedness is a core characteristic of the system, so as to say that the
WASH system is an interconnected set of parts.” Yet, similar to
Factors, some panelists thought that the term was too broad or arbitrary to have a succinct definition. This again implies a potential
challenge to conceptualizing certain key terms of WASH systems,
even when it enjoys broad consensus.
The attribute Incentives [36, 5 of 9, R1] also came to consensus
in the first round as multiple panelists agreed that incentives influence and drive the system and thus determine how systems change.
A thoughtful consideration of incentives was recognized as “essential to understanding the functionality of the system.” However, as
one panelist noted, “incentives and motivators are factors that cannot be easily measured or tracked,” and thus, they can be difficult to
conceptualize. Two panelists did not agree that Incentives were directly part of the system, but noted that they do influence the system
shaping the actions and interactions of actors. This highlights the
importance of considering attributes that influence WASH systems
but may not necessarily be seen as being inside of that system
boundary.
Most panelists agreed that Feedback [39, 4 of 9, R1] was an
intrinsic attribute of WASH systems, with one panelist stating,
“Feedback loops are characteristic of any complex system,” and
“whether they are negative or positive, whether or not we want to
acknowledge them, they exist.” These comments are notable considering the lower median rating on Complexity (4–see below), and
the panelists qualifications that the degree of complexity, and thus
conceivably the degree of Feedback, varies with the context of the
WASH system.
Closely related to Complexity and Feedback, Nonlinear behavior [38, 6 of 10, R1] was one of the attributes that received no
disagreement scores and reached consensus in the first round.
Panelists saw this attribute as being self-evident; “this is a characteristic we expect and see because of the very nature of the system
itself,” with another respondent stating, “Why would we ever assume that it was linear?!.” However, others cautioned that some
elements can exhibit linear correlations. Panelists also expounded
on issues of putting concepts of nonlinearity into action with a particular focus on how to monitor it (see Nonlinear Progress).
Many of the panelists agreed that regional context (Contextual
[38, 6 of 9, R1]) significantly influences the behavior of WASH
systems, as respondents indicated: “I cannot think of an engineered
system that is not contextually dependent - WASH is no exception”;
“of course systems are contextual”; and “this is so basic, everything
sits within a context.” However, other respondents argued, “some
aspects [of WASH systems] are very similar to what I’ve seen in
© ASCE

other countries.” The respondent who disagreed with this element
indicated that the “drive to recognize the local context can have
the perverse effect of over-designing and thereby limiting scale
and interoperability between systems.” As a result, a respondent
indicated, “context matters when considering how to engage, but
basic principles of keeping [WASH] systems going are probably
common.” These insights show how panelists conceptualized
multidimensional interpretations of even a relatively basic concept such as context and borders.
The WASH systems attribute Adaptive was the only one to reach
consensus in the third round with multiple panelists changing their
scores based on the scoring and comments from others presented to
them in each Delphi round. It also had the highest disagreement
score (7) of any of the WASH systems attributes because while
many of the panelists indicated that adaptability was a desirable
element of WASH system, 4 of the 17 panelists disagreed that it
was a fundamental one. As one panelist noted, “To be successful,
a system has to be able to evolve and react to different types of
stimuli : : : there are many examples of WASH systems that are
not adaptive and hence struggle.” Another respondent who strongly
disagreed shared comments that inspired a lively discussion in the
survey responses and resulted in multiple panelists changing their
scores. This panelist suggested that “Rigidity may be appropriate in
stable contexts, where adaptability may be critical in instances of
fluid environments.” Another panelist added; “there is significant
potential for a system with redundancies to resist change over a
decent period of time.” These responses suggest that there are delicate balances and tradeoffs between WASH systems that are fluid
and responsive to change and one that is strong, redundant, and
resilient to change.
While all but one panelist agreed that WASH systems are Complex, and thus reached consensus on this attribute in the second
round, multiple panelists noted that the degree to which WASH
systems could be considered complex may depend on the context
or environment in which the system exists. Some panelists also
took issue with the definition that was provided in the survey
(see Table 2), commenting that they “strongly disagree that
understanding single elements is not useful. Both are needed : : : .
changing/improving (individual) components can still lead to positive systems change.” Others, however, pointed to the issue of
practicality, noting that donors rarely give the time and resources
to address multiple components of the WASH system and that,
given these constraints, focusing on individual components
“may offer sufficient value in understanding service delivery outcomes.” These qualifications about the role of Complexity were
reflected in its median score of 4, the only attribute with a low
median Likert score to reach consensus (all others had a median
Likert score of 5 or 6). The comments show the dynamic and
issue-specific nature of systems concepts, such as complexity
and adaptability and their application to WASH systems planning
and management, highlighting the nuance of understanding of
these concepts within the WASH sector.
Summary of Consensus: WASH Systems
While all of the attributes grouped under WASH systems reached
consensus, the comments by panelists combined with dissenting
ratings belie the apparent agreement on these issues. These insights
show that while the expert panelists agreed that these were necessary attributes of systems approaches, more gaps in knowledge and
practice still need to be bridged with particular focus on the use of
terminology and approaches for practically applying these concepts, a perspective that we explore in the following section on
attributes of WASH systems approaches.
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Consensus on Attributes of WASH Systems
Approaches
For the attributes that were grouped under WASH systems approaches, 10 of 13 reached consensus with all but one (Monitoring)
doing so in the first round. This includes all of the attributes that
had a corresponding attribute in the WASH systems grouping
(Interactions, Nonlinear, Adapts/Adaptative) that all reached consensus in the first round under the systems grouping as well. Additionally, a number of these attributes also had no disagreement
score (More than Technical, Monitoring, Adapts, Interactions,
Flexibility, Human Systems, Mapping the System), while some in
particular had very few comments submitted by the panelists
[Flexibility (2); Interactions (3); More than Technical (4); Human
Systems] in comparison to the average of 16 comments per attribute. Overall, this suggests that there exists a high level of alignment
among the expert panelists regarding what they see as essential
components of WASH systems approaches.
The systems approach attribute with the highest agreement score
(45) was More Than Technical solutions [45, 1 of 13, R1] that one
panelist described as “arguably, these are the more important levers.” The respondent with the lowest score felt that this attribute was
so basic that it “could equally be a statement about what constitutes
a ‘system’.” Others provided examples of nontechnical drivers relating to attributes of the WASH system, “especially perverse incentives created by the political climate and aid programs.” Thus,
it is clear that the panelists considered this attribute one of the most
self-evident in the systems approaches group.
Of all of the attributes of WASH systems approaches that
achieved consensus, the only one that did not do so in the first
Delphi round was Monitoring [41, 2 of 13, R2] with many respondents increasing their level of agreement ratings in the second round.
In their responses, panelists discussed issues with the current state
of monitoring in the WASH sector including the lack of investments
in improving analytical capability despite a large array of indicators
on which to draw. This points to the need for better monitoring
tools, but also a more systems-focused approach as well; “monitoring is essential, but it must be : : : focused on measuring system
change and whether the system is getting stronger and therefore
more sustainable.”
With closely related agreements scores and zero disagreement,
panelists also reached consensus that systems approaches Adapts
[40, 3 of 13, R1] and consider Interactions [38, 4 of 13, R1]. These
two attributes shared many of the same reflections in panelist commentary as their correlated WASH system attributes of Adaptive
and Interactions that also reached censuses.
Experts readably agree that identifying Leverage Points [36, 5
of 13, R1], or key areas to intervene in a system, is a primary reason
why systems approaches are employed. As one respondent noted,
“this is a fundamental goal of the method - if we can model a system of course we want to know how to best influence it toward the
outcomes we want. Why else model it?” Other experts noted the
importance of the process of identifying Leverage Points themselves stating “we need to get better at figuring out how to identify
these within a system.” The near-universal agreement of this attribute (16 of 17 panelists) combined with the comments about how to
actualize Leverage Points are particularly enlightening in consideration of the Mapping the System attribute not achieving consensus through three Delphi rounds (see below).
Similar to the Adapts and Interactions attributes of WASH systems approaches, Flexibility [36, 5 of 13, R1] also achieved consensus in the first round without any disagreement Likert ratings.
Alike Interactions, this attribute also received very few comments
(4) compared with an average of 16 per attribute, with some panelists
© ASCE

commenting that it was too closely aligned with the Adapts attribute. This too may infer issues of duplicative terminology within the
WASH systems lexicon.
While panelists indicated that Long-Term Thinking [34, 7 of 13,
R1] is not necessarily inherent to systems approaches, they recognized the importance and difficulty of obtaining sustainability in
WASH services. Other panelists noted that long-term and shortterm gains are not mutually exclusive because the latter are necessary to proceed to longer-term results. This on sustainability
naturally leads to focusing on contributions to the greater long-term
goal; “The difference is less about short- versus Long-Term Thinking and more about focusing on sustainability. One implication of a
systems approach is giving up on the idea of attribution and settling
for contribution.” Some panelists mentioned that a systems approach is inherently necessary to achieve long-term gains, and thus
must have the ability to identify Leverage Points that promote longterm solutions. Still, other panelists pointed to the inherent difficulty of balancing conflicting expectations with donors, who they
noted tend to focus on short-term outcomes; “most of us in this line
of work are tied to donors : : : which makes the funding political,
time-bound and accountable.” Despite this consensus on LongTerm Thinking, respondents noted that locally-focused short-term
improvements could still be equally impactful, highlighting the
multidimensional nature of this attribute.
As noted above, the Human Systems attribute [34, 7 of 13, R1]
generated some of the fewest comments from panelists, achieving
consensus in the first round. Similar to the responses regarding
Factors, one panelist noted that Human Systems may be “a more
simplistic way of talking about interactions.” While others likened
the factor to the concept of ‘political economy’ (Krause 2009), they
commented that the attribute may be just a different way of referring to the consideration of qualitative factors in the WASH systems
approach. Thus, even though this attribute, like others, achieved
consensus in the first round with a moderate agreement score
(34), confusion about the application and meaning of the attribute
were presented in the panelists’ comments.
Regarding attributes that had similar connotations under both
WASH systems and systems approaches, panelists noted that
Nonlinear behavior [38, 4 of 9, R1] should be expected and, correspondingly, that WASH systems approaches must be able to consider Nonlinear Progress [33, 9 of 13, R1]. However, one panelist
indicated that, in some cases, linear assumptions may provide satisfactory estimates of system behavior, “it is likely that linear
approximations will often be good enough and that some relationships may actually be best described by a linear function.” Others
noted that some linear assumptions, for example changes in the
number of households accessing clean water, are desirable because
incorporating nonlinear thinking into assessments of WASH systems is difficult to contend with; “data is just not available, and
resources not dedicated, to evaluate this with regularity.” Panelists
also indicated that one can implement a systems approach without
necessarily evaluating nonlinearity. This may explain why Nonlinear Progress had the second-lowest agreement rating (33) out of all
the factors that achieved consensus.
A general opinion of panelists was that the extent to which a
systems approach is Holistic [29, 11 of 13, R1] is a function of
where the boundary is drawn around the system—a necessary part
of any systems approach (Meadows 2009). One respondent stated,
“Understanding will never be completely holistic. While a systems
approach does require looking across multiple factors and considering interactions, setting boundaries is important.” Multiple panelists pointed out that a truly Holistic approach is unrealistic, as “it
is often impractical or impossible to take a holistic approach, particularly if working at any scale. Perhaps a targeted intervention
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informed by systems analysis is more appropriate than a holistic
solution?” One expert pointed back to the utility of systems mapping for the task of gaining a holistic perspective from which to act,
explaining, “at least initially, you need to figure out all the key
elements of the system for the diagnosis or mapping. (And yes, that
means drawing a boundary somewhere, but that’s the nature of the
beast.) After that, you can figure out which elements of the system
you need to address.” These responses demonstrate the need to balance concepts of systems thinking with the practical implications of
incorporating these attributes into a systems approach for WASH.
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Summary of Consensus: WASH Systems Approaches
The commentary of boundary and mapping concepts around the
Holistic attribute closely resembles comments regarding the Contextual, Leverage Points, Nonlinear Progress Interactions attributes—
which also reach consensus. This is not surprising in light of a
growing awareness of WASH system complexity, promulgated
through international WASH conferences, including the Kampala
WASH Symposium (Lockwood et al. 2016) and IRC WASH Systems Symposium (IRC 2019), and work emerging from research
collaboratives such as the United States Agency for International
Development (USAID) Sustainable WASH Systems (SWS) Learning
Partnership (e.g., 33–39). Indeed, research focusing on systems thinking and systems modeling posits that system behavior, whether favorable or unfavorable, is a result of interconnected system components
(Bossel 2007; Meadows 2009; Sterman 2000). Overall, the consensus
on a majority of the attributes of WASH systems approaches showcase favorable trends toward shared understanding within the sector
while also highlighting important discrepancies in the use of specific
terms and how they can be incorporated into a systems approach; two
key outcomes for future research, policy, and practice in the WASH
sector.
Nonconsensus on Mapping Approaches
Of the three attributes that failed to reach consensus, only Mapping
the System [33, 9 of 13, NC] did so with a zero-disagreement score
(i.e., all panelists rated the attribute a 4 or above). Thus, while all
panelists essentially agreed that this attribute was part of WASH
systems approaches, the degree to which they thought it should be
prioritized varied notably. For example, while one panelist said that
“Mapping is an important step in any systems analysis. Without, it
is too easy to miss essential links between factors or actors,” another noted that “some diagnostic(s) to understand the system is
important. Does it need be a proper “systems map”? I’m not sure.
If it is, the outputs need to be digestible and actionable for local
audiences.” Many panelists indicated that mapping the system is
not required for a systems approach but that it can be “helpful to
first map and understand and then act.” A few panelists mentioned
that systems mapping is just one of a host of tools that could be
used to understand the system, and some of which could be less
‘static’ and yet equally, if not more, practical for use by WASH
practitioners. Regarding the nondynamic nature of available mapping approaches, one panelist responded that “this effort will
quickly become moot once the system starts to evolve and actors
enter. It is an ongoing process, and there are lots of different ways to
map the system.”
A key theme of skepticism regarding the use of systems mapping appeared to be focused on the perceived (lack of) utility and
accessibility of such approaches to local stakeholders in general,
and government officials in particular. As panelists pointed out,
“Governments will never do this - they struggle to monitor outputs
and outcomes;” “academics spend way too much time and money
© ASCE

on creating complex maps that none of the system actors can
understand or utilize;” and “Mapping on its own has little impact;
it’s the application of insights that matters.”
Indeed, historically, approaches that map interactions between
WASH system factors and actors tend to have higher analytical
complexity, such as Bayesian networks (Carriger et al. 2016; Cronk
and Bartram 2017), social network analysis (Shongwe and Dlamini
2021; Sommerville et al. 2015, 2017; Walters 2016), and system
dynamics modeling (Cannon et al. 2022; Libey et al. 2022; Liddle
and Fenner 2017; Neely and Walters 2016; Valcourt et al. 2020b;
Walters and Javernick-Will 2015). Expert panelists’ responses further highlight a need to make some of the more intricate systems
mapping approaches more practical and actionable for local stakeholders, including government officials.
Despite the apparent dissatisfaction with existing sector approaches for mapping WASH systems, panelists still noted that it
was essential for understanding Complexity, Feedback, and Nonlinear dimensions of WASH systems, all attributes that achieved consensus. The goal of mapping, panelists noted, was to “devote time
and effort to generate an understanding of a system and its dynamics before proposing interventions,” and thus, “mapping is inherent
to understanding the system.” These insights show that while all
panelists agreed that Mapping the System was part of a systems
approach for WASH, they differed substantially as to what degree
it was important and voiced serious concerns about the availability
of tools for mapping, the insights that these tools generate, and
thus, the ultimate value that mapping approaches bring to the
WASH sector.
Nonconsensus on Collective Action
The Collective Action attribute [22, 12 of 13, NC]—representing a
strategy that intentionally fosters collaboration between actors—
did not reach consensus and had the second-lowest agreement score
and second-highest disagreement score. Panelists’ responses revealed an overall agreement that some form of collaboration among
actors was necessary, but that this did not necessarily imply that the
use of collective action within a systems approach was the way to
achieve collaboration.
Despite dissenting Likert scores from 5 of the 17 panelists, responses generally supported the focus of collaboration within a
systems approach: “if all the key parties don’t coordinate and collaborate with each other, it’s impossible to have a well-functioning,
sustainable system.” However, panelists appeared to differ on
whether collective action meant that everyone was connected and
the importance of this connectivity. For instance, one panelist
noted; “Effective collaboration doesn’t necessarily mean connecting everyone to each other. It can also be about creating key links in
specific parts of a network, or clearing space for a particular actor to
perform its role without interference.” Still, other panelists pointed
out that collaboration is not always the solution to issues of a lack
of alignment among actors; “The sheer misalignment of funds
means there is a need for actors to work together and align better,
but this does not need to happen through collaboration : : : it could
happen from strict regulation.” Even in instances where improved
collaboration may be required to improve WASH service sustainability, panelists cautioned that “collective action is not necessary
or appropriate in every context. It’s a tool in the toolbox that may or
may not be right for the challenge.” For example, one panelist noted
that “a change in regulations may have a large impact on how water
services are provided, and this may be done by a small set of actors
without the collective.” In another example cited by multiple panelists; market-based approaches to WASH (UNICEF 2020) require
that some actors act in healthy competition with one another, an
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approach that would appear somewhat at odds with collective
action approaches. This appears to suggest that the panelists believe
it is more important to understand how actors are connected and
identified important linkages between them than to focus on getting
all actors working in the same direction.
These multifaceted perspectives are also reflected in recent work
from the SWS Learning Partnership on collective action within
WASH systems approaches (Pugel et al. 2022) to WASH where
a case study of 11 WASH coalitions observed that while there were
multiple pathways through which collective action could help to
make progress on complex WASH issues, “no cut-and-paste strategies exist for collective action approaches due to their complexity
and sensitivity to local conditions” (Pugel et al. 2022). The authors
also noted that the effectiveness of collective action is affected by
many factors outside the control of local actors and requires timelines beyond typical WASH project durations; highlighting dimensions of both Holistic and Long-Term Thinking attributes.
Nonconsensus on Scalability
Lastly, there was a clear subgrouping of panelists who either agreed
or disagreed with Scalable [19, 13 of 13, NC] as an attribute of
WASH systems approaches, causing it to not reach consensus and
have the lowest attribute agreement score and highest disagreement
score any of the attributes in the survey. Moreover, 11 of the 17
panelists changed their scores throughout the second and third
Delphi survey rounds.
Dissenting panelists voiced that systems approaches by virtue of
the context-specific nature of WASH systems are not Scalable but
that different approaches must be used for different system boundaries (i.e., national versus regional versus community level). This
is not surprising, as panelists generally agreed that Context was an
attribute of WASH systems, where scaling up the same approach
across boundaries would be presumed to be at odds with the
context-specific nature of WASH systems. As one panelist mentioned, “WASH systems approaches can work at different levels of
organization—from community to whole of government. But I
don’t see this as scalable. Scaling up almost invariably neglects the
contextuality of WASH systems.” Experts with high agreement
scores believed that scalability should be an intrinsic part of a systems approach since a systems approach would ideally have a cascading effect from national to subnational levels, or vice versa. A
notable change in opinion toward an appreciation for the unique
nuance of national and subnational systems was seen in later
rounds. As one panelist indicated, “To work with systems is to work
at scale. One can work at a community scale or a national scale and
anything in between. What is important is that the dynamics at the
national level cannot be assumed to be the same at the community
level, so just saying that we replicate at the national scale something
that worked at the community scale is a fundamental fallacy of systems thinking.”
In contrast to the lack of consensus on the Scalable attribute,
panelists did agree that a systems approach must be Adaptable
to changes in the local context and offer Flexibility in how it is
applied. As one expert noted “Taking a systems approach will necessarily mean that people are ready for nonlinearity and adaptation,”
and that, “given a system’s emergent properties, it is important to be
able to adapt the ways systems strengthening support is provided.”
Related to this, another panelist added “what’s the point of monitoring if you can’t adapt based on what you learn?” These comments
indicate that there is clearly an awareness among the panelists for
how systems approaches must stay relevant to the local system context but at the same time a concern for how to manage the tradeoff
© ASCE

between approaches being contextually aware and still scalable to
other contexts.
Sector Implications
The study findings point to a high level of alignment across the
panelists in regards to the attributes of WASH systems and how
systems approaches can be used as a lens to build a better understanding of these attributes of WASH service sustainability. Overall, these findings are encouraging and highlight the substantial
paradigm shift that has occurred within the sector over the past decade in how thought leaders view challenges and opportunities to
improve service sustainability. This shift in understanding aligns
closely with major sector initiatives to improve knowledge around
WASH systems (IRC 2019), as well as an enhanced focus on sustaining services beyond project timelines—a larger trend observed
in multiple dimensions of human development motivated by the
United Nations Sustainability Development Goals (United Nations
2015).
However, the study findings also highlight notable and compelling
knowledge gaps that clearly require future research and discourse.
First, while we found an aligned awareness (i.e., consensus) of
WASH system attributes of interconnectivity, feedback, and complexity, we found a lack of alignment on the importance of and
approaches for practically and actionably mapping WASH systems.
These findings seem to be at odds with one another, as these important attributes of a complex system—on which the panelists enthusiastically agreed were important—arise from its structure
(Richardson 2011). Thus, without mapping, diagraming, or explicating the structure of local WASH systems in one way or another,
it appears difficult if not impossible to gain a functional understanding of the dynamic interplay of a multitude of contextspecific factors and interconnections. Thus, there is a clear need
for more research to understand the barriers to the adoption of
systems mapping approaches within the WASH sector, despite
a large suite of past methods from which sector actors can draw
upon (Valcourt et al. 2020a).
Second, while we found a unanimous and vehement agreement
on the impact of actors, and related attributes (e.g., incentives and
human systems) on WASH system outcomes, we found a lack of
alignment on the impetus for collective action approaches. Recent
research into sector actors’ perspectives of collective action identified multiple factors influencing such approaches (Pugel et al.
2020), but there are limited studies on the implementation of collective action in these contexts. The findings of the panel are
notable in their contrast to the building enthusiasm and evidence
for collective action and collaborative approaches in development
at large and potentially highlight the need for future research on
how to improve the efficacy of collective action approaches within
WASH.
Finally, while we found panelists aligned on the need for WASH
systems approaches to be flexible and adaptive to the inherently
nonlinear and adaptive nature of WASH systems, we found a lack
of alignment on the ability of WASH systems approaches to be applied across geopolitical scales. This finding presents a quandary
for WASH systems advocates; if systems approaches require building a rich understanding of individual contexts, then what potential
exists for building best practices and lessons learned that can be
applied to other contexts? Essentially, if systems approaches are
limited by their scalability, then what large-scale impact can they
have on a sector that seeks to affect nearly half the world’s population (JMP 2021). While some work has been conducted to address this issue (Ramalingam et al. 2014), we believe these findings
point to a substantial knowledge gap that can impede the uptake,
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application, and impact of systems approaches for WASH. Overall,
the discussion on the merits for—and practice of—applying systems approaches to WASH would greatly benefit from longitudinal
evidence on the true impact systems approaches have on WASH
service delivery; evidence that is currently lacking in the sector
of systems approaches to WASH (Valcourt et al. 2020a)
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Study Limitations
There are limitations with the Delphi approach in particular, and
research of this nature in general, that could have impacted the accuracy and generalizability of the study findings. First, by design, a
Delphi study encourages participants to join a trend in group responses toward systematically arriving at consensus. However,
there exists a possibility that this could lead to a ‘bandwagon effect’
of unthoughtful consideration of the subject matter (Hallowell and
Gambatese 2009). However, we believe that within the bounds of
this study there was minimal bias of this form, as many panelists
cited thoughtful reasons for why they did or did not change their
responses in light of shifts in aggregate Likert scores. Second, a key
limitation of the Delphi approach is that participants lack the
opportunity to interact with other participants in person and in
real-time, again by design. This could have a detrimental effect on
participants’ understanding of terminology and sentiment, where
they do not have the ability to ask clarifying questions and discuss
topic implications as a group. For this reason, we sought to promote
a ‘quasi-dialogue’ between panelists by presenting them with panelist comments from previous rounds in order to demonstrate their
rationale for their scoring and provide added significance to the
discussion. A third limitation relates to the sample size of participants needed to make generalizable claims on the attributes of
WASH systems or WASH systems approaches. We would contend
that using a participant selection criterion focused specifically on
individuals with expertise with WASH systems approaches provided a solid foundation for vetting and including a sufficient quantity and quality of individuals to engage in this study. We also
supplemented the Delphi results with extensive qualitative information across the three Delphi rounds, totaling 351 comments and
over 12,000 words of verbatim text. As such, we believe the findings are sufficiently robust for the claims made in this paper.
Finally, due to the nature of data collection, potentially long time
lapses between rounds means participants may have forgotten their
responses and the responses from the other panelists. Additionally,
participants may have engaged with other information at this time
that may have swayed their perspective on the subject. While we
tried to keep the time between Delphi rounds at a maximum of two
weeks (Hsu and Sandford 2007), there were challenges with a few
panelists needing more than a month to respond. We sought to address this long time gap by sufficiently summarizing key consensus
outcomes from the previous round via a consensus summary sent to
participants before asking them to participate in the subsequent
round.

Conclusions
This study sought to refine sector knowledge, practice, and future
research surrounding the use of systems approaches to service delivery by evaluating sector alignment on the key attributes of a systems approach. To facilitate discussion on the attributes of WASH
system approaches, we engaged 17 WASH systems experts in a
multiround Delphi survey to identify, rate, and evaluate consensus
on these attributes. Expert panel ratings, comments, and consensus
on attributes indicated that WASH systems approaches consider
nontechnical factors, can be applied to a wide range of contexts,
© ASCE

require monitoring to evaluate shifts in the system, and consider
system interactions that point to leverage points for improving
WASH service sustainability.
While the participants reached consensus on all of the attributes
of WASH systems (8 of 8) and all but three attributes of WASH
systems approaches (11 of 13), there remained a lack of consensus
regarding the importance of mapping WASH system interconnectivity, the merit for and means to engage stakeholders in systemlevel discussion and decision making, and the feasibility of systems
approaches to be relevant and scalable to regional and national levels. To address this gap, further research and practices that focus on
developing practical and accessible tools to elucidate meaningful
and actionable insights based on system interactions are needed
to examine how to scale these approaches to other contexts. Additionally, future longitudinal studies are needed in order to better
evaluate the true impact of systems approaches on WASH service
delivery outcomes.
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