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Abstract
Implementation quality is an important determinant of program outcomes. Yet, evidence of water, sanitation, and hygiene (WASH) implementation quality and effectiveness is scarce. WASH evaluations and research have traditionally prioritized investigation of program outcomes and their association to health outcomes, without adequately exploring the processes of implementation that moderate effectiveness. This paper examines the current global WASH agenda under the Sustainable Development Goals (SDGs) and the role of implementation science in advancing toward WASH-related targets, with a specific focus on implementation outcomes (IOs). A brief literature review was conducted to survey existing use of implementation strategies and outcomes within WASH studies. Findings reveal a gap in the use of implementation science methods in WASH, including the appropriate use and application of IOs to improve WASH programming. In order to efficiently make progress toward the SDGs, it is recommended that a prioritized set of IOs be incorporated into routine monitoring systems to guide program and policy decision-making and drive systematic improvement. We encourage public health leaders and funders to demand evidence of efficient and effective WASH implementation, making space for new systems and structures to develop; and we call practitioners to develop new capacities to carry out effective implementation in facilitating global progress toward SDG 6.




Introduction
Water, sanitation, and hygiene (WASH) are important for human health and well-being (Bartram & Cairncross, 2010). Yet, an estimated 663 million people still lack access to improved water,  2.4 billion have no access to improved sanitation, and 946 million are still practicing open defecation (WHO; UNICEF, 2015). In effort to advance progress to new levels, the Sustainable Development Goals now call for universal access to water and sanitation by 2030, with higher quality, equitable, and sustainable WASH services for all (“Sustainable Development Knowledge Platform,” n.d.). While some evidence-based WASH interventions are available to achieve these goals, they may be insufficiently comprehensive to meet the SDG targets. Additionally, existing WASH interventions continually show lower than expected health outcomes, in part due to low uptake and lack of sustained adoption (Clasen et al., 2014; Luby et al., 2018; Null et al., 2018). Weak program design (e.g. weak theory of change), poor program fidelity (e.g. extent to which program was implemented as planned), and limited adherence (e.g. lack of adoption by beneficiaries) are also cited as plausible reasons for lower than expected health impacts (Garn, Trinies, Toubkiss, & Freeman, 2017). 
A meta-analysis by Durlak and Dupre (2008) of more than 500 studies found extensive empirical evidence that quality of implementation is an important determinant of program outcomes(Durlak & DuPre, 2008). Yet, few WASH studies report rigorously on implementation measures that allow for comparison and understanding of the processes that moderate effectiveness (Chard & Freeman, 2018; Garn, Sclar, et al., 2017). A better description of WASH implementation barriers and components as well as the strategies used to address them (E. K. Proctor, Powell, & McMillen, 2013) and estimating the relationship between implementation quality and intended outcomes are necessary to drive systematic improvement (Durlak & DuPre, 2008). Implementation science can be used to address these gaps by facilitating systematic uptake of research findings and other evidence-based practices into routine practice, ultimately improving implementation quality and eventual health outcomes  (Eccles & Mittman, 2006; “National Implementation Research Network,” n.d.). 
We believe that the WASH sector is not adequately considering the characteristics and processes of implementation in the theorizing, design, and delivery of interventions. Design decisions, intentional or implicit, greatly affect downstream WASH coverage and health outcomes. The objective of this paper is to examine the use of WASH-related implementation strategies and implementation outcomes (IOs) in low-resource settings, whether and how implementation data is currently used to drive strategic decision making or improvement in the sector, and to offer recommendations on how implementation monitoring can facilitate progress in low-resource settings toward Sustainable Development Goal 6.
Context: the WASH transition from MDGs to SDGs
 The world experienced tremendous growth in household access to water and sanitation during the Millennium Development Goal (MDG) era of 2000 – 2015, which aimed to halve the proportion of the population without access to improved water and sanitation. While the global target for water was met in 2010, five years ahead of schedule, the least developed countries fell short, with eight out of ten people without access living in rural areas (WHO; UNICEF, 2015). The global target for sanitation was missed entirely, by nearly 700 million people, with seven out of ten people without access also living in rural areas (WHO; UNICEF, 2015). Despite major advances in WASH coverage in the last 15 years, 663 million people still lacked access to improved water and 2.4 billion people lacked access to improved sanitation facilities at the end of 2015 (WHO; UNICEF, 2015).
Following the MDGs, the Sustainable Development Goals (SDGs) were launched in 2016 to radically transform human development, with a specific goal for water and sanitation to – “ensure availability and sustainable management to water and sanitation for all” by 2030. The two targets for WASH, 6.1 and 6.2, are more comprehensive and ambitious than the previous MDG targets, shown in Figure 1. They call for universal and equitable water and sanitation for all, implying the elimination of inequalities (Joint Monitoring Programme, n.d.). They introduce new measurements for hygiene and call for water to be safe and affordable, sanitation to be adequate, and an end to open defecation (Joint Monitoring Programme, n.d.). Service level outcome measurements have been established across settings, including households, health facilities, and schools, to measure progress toward these SDG targets (Joint Monitoring Programme, n.d.). The primary difference between the MDGs to the SDGs is the shift from infrastructure and access to sustainable, equitable, and quality services.
Figure 1
WASH-related targets in the MDGs and SDGs 
	MDG 7
 Ensure Environmental Sustainability
	SDG 6
Ensure availability and sustainable management of water and sanitation for all

	Targets
	Indicators
	Targets
	Indicators

	7.C Halve, by 2015, the proportion of the population without sustainable access to safe drinking water and basic sanitation

	7.8 Proportion of population using an improved drinking water source


	6.1 By 2030, achieve universal and equitable access to safe and affordable drinking water for all
	6.1.1 Proportion of population using safely managed drinking water services

	
	7.9 Proportion of population using an improved sanitation facility
	6.2 By 2030, achieve access to adequate and equitable sanitation and hygiene for all and end open defecation, paying special attention to the needs of women and girls and those in vulnerable situations 
	6.2.1 Proportion of population using safely managed sanitation services, including a hand-washing facility with soap and water


Source: Sustainable Development Knowledge Platform & UN Stats 

This shift toward quality services in the SDGs require new ways of research, monitoring and evaluation. It is no longer sufficient to measure just presence of facilities – the WASH sector must develop better ways to collect evidence of quality infrastructure, changes in behavior, and sustained practice. The elements of effective implementation must be measured and refined to realize transformation of evidence into real value sooner in facilitating global progress toward SDG 6. The field of implementation science is dedicated to the assessment and improvement of implementation of policies, programs and interventions. To date, its application in the WASH sector has been minimal. 
Defining Implementation Science
Implementation is defined by the National Implementation Research Network (NIRN) as “a specified set of activities designed to put into practice, an activity, or program” (National Implementation Research Network, n.d.). Implementation science is defined as the “scientific study of methods to promote the systematic uptake of research findings and other evidence-based practices into routine practice, and, hence, to improve the quality and effectiveness of health services and care” (Eccles & Mittman, 2006; “National Implementation Research Network,” n.d.).  Implementation science provides a scientific approach to the field of implementation, to ensure programs are deliberately implemented in a way that enhances their use, effectiveness and sustainability. 
A model proposed by NIRN, shown in Figure 2, identifies three characteristics for achieving effective outcomes: 1) a usable and effective intervention, 2) an effective implementation strategy, and 3) an environment that supports implementation.   


Figure 2
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Source:  NIRN

Effective interventions are typically evidence-based interventions which are suitable and appropriate for the context. However, even the most effective intervention is not useful if not implemented effectively. For example, a handwashing intervention may include multiple components such as a hygiene promotion campaign, follow-ups by a community health worker, community outreach, or a combination of activities, all of which may have been demonstrated to be effective. Yet, they could each be implemented with varying levels of quality, possibly due to constraints in the wider context in which the intervention is being implemented such as the extent of organizational support, policy and funding.  All of these factors contribute to socially significant or improved health outcomes.

Linking implementation and outcomes: a 5-stage model
 The influence of implementation on health outcomes is conceptualized in the 5-stage model (Figure 3). While each stage is described briefly below, this paper is focused on the second stage: the extent to which implementation outcomes are described in the WASH literature and to discuss options for measuring them going forward. It is important to emphasize that while this model is presented as a set of linear steps, the actual process of effective implementation to achieve outcomes is iterative, and the design of a successful program might require these stages to be revisited several times.
Figure 3
5-stage Model Linking Implementation to OutcomesHealth outcomes
Health outcomes are often the main component of interest among governments, practitioners, agencies and funders. These include outcomes such as the prevalence of diarrhea or water borne diseases. International initiatives, agendas, and policies seeking to improve health outcomes and the socio-economic well-being of constituents; yet a variety of factors, or 'root moderators', affecting implementation quality and overall performance precede these health outcomes. These are now described. 
Program outcomes
In the WASH sector, and in many other health related sectors, interventions are delivered through programs. Program outcomes (POs) measure the quality of the program as experienced by the beneficiary or the user, and are proximal to health outcomes. Proctor and colleagues characterize these outcomes as elements of efficiency, safety, effectiveness, equity, user-centeredness, and timeliness (E. Proctor et al., 2011). Examples include water quality at the source (safety) and accessibility of latrines by all, including women, children, and those with disabilities (equity). If customers are not satisfied with a service or the service is not suitable for their needs, the service may be neglected or not taken care of, leading to breaks in functionality or usability, further perpetuating its lack of use. If a latrine is not fitted with accommodations for people with limited mobility, such customers may resort to open defecation in the absence of a service supporting their needs to facilitate proper use. Specific program outcomes are included as part of the SDG agenda for WASH, described in the previous section as ‘service outcomes.’
 Program strategies
Program strategies determine program outcomes. These represent the package of interventions used to achieve health outcomes. While program strategies should be anchored in evidence-based interventions, they need to be adapted to be acceptable and feasible to the local context and meet appropriate program outcomes. These adaptations are only beginning to be addressed in WASH through the use of continuous quality improvement (CQI) methods.  CQI has a long history in manufacturing and healthcare and has only recently been applied in rural community settings in West Africa to facilitate improvements in household water quality and sanitation uptake. 
However, there is also a gap in documenting these adaptations in a way that can be useful to practitioners. For example, behavior change interventions have either been broadly neglected or not adequately developed to expect lasting sanitation or hygiene behaviors. Michie and colleagues describe this issue: 
Few published intervention evaluations refer to formal documentation describing the content and delivery of an intervention and are seldom reported by researchers or practitioners in enough detail to replicate them. Reviews of nearly 1,000 behaviour change outcome studies found that interventions were described in detail in only 5% to 30% of the experimental studies. Even when the intervention was documented (e.g., a detailed manual was available), only a few investigators actually measured the presence or strength of the intervention in practice, and fewer still included such measures in the analyses of the results. Thus, we are often left knowing very little about the details of an intervention or the functional relationship between the components of the intervention and outcomes. Knowing the details and functional relationships are critical to any future introduction and scale-up of effective interventions. This knowledge helps to inform what to teach to new practitioners, how to transform or reorganise healthcare processes, and what to include in the assessment of practitioner performance (fidelity measures)–all key features of successful implementation (p. 1-2)
Implementation strategies need to be comprehensively and precisely detailed to facilitate their measurement and eventual scale (E. K. Proctor et al., 2013). We will need new evidence-based interventions (EBIs) to support the expanded SDG agenda and improved documentation will help ensure both new and existing interventions are usable and effective across multiple contexts.
Implementation outcomes
Implementation outcomes (IOs) contribute to the contextualization and ongoing refinement of program strategies. IOs are distinct antecedents to program or health outcomes. An exclusive focus on health outcomes, without attending to implementation, prevents understanding around the process of implementation; this understanding is needed to develop appropriate strategies and result in a successful program capable of achieving desired health outcomes (Proctor et al. 2011). Unfortunately, WASH studies have commonly been designed at the intention-to-treat level, studying differences in intervention impact only when delivered at scale, neglecting the opportunity to appropriately measure implementation (Chard & Freeman, 2018; Garn, Sclar, et al., 2017). IOs measure the near-term effects of implementation, facilitating deeper understanding of implementation performance, constraints, and drivers of program quality. While IOs can advance understanding of WASH implementation processes, they can also facilitate comparison of effectiveness between implementation strategies and provide what is needed for systematic program improvement (Proctor et al., 2011). 
IOs have three important functions, serving as – 1) indicators of implementation success, 2) proximal indicators of implementation processes, and 3) key intermediate outcomes in relation to service system outcomes (Proctor et al., 2011). IOs are, therefore, necessary preconditions for achieving desired change in program outcomes (Proctor et al., 2011). Proctor and colleagues propose a taxonomy of eight distinct implementation outcomes which measure various dimensions of implementation – acceptability, adoption, appropriateness, feasibility, fidelity, implementation cost, penetration, and sustainability described in Table 1 below. 
Table 1
Taxonomy of implementation outcomes reproduced from Proctor et al. (2011)
	Implementation Outcome
	Definition
	Other terms in literature

	Acceptability
	Perception among implementation stakeholders that a given treatment, service, practice, or innovation is agreeable, palatable, or satisfactory


	Satisfaction

	Adoption
	The intention, initial decision, or action to try or employ an innovation or evidence-based practice


	Uptake; utilization; initial implementation; intention to try

	Appropriateness
	The perceived fit, relevance, or compatibility of the innovation or evidence-based practice for a given setting, provider, or consumer; and/or perceived fit of the innovation to address a particular issue or problem

	Perceived fit; relevance; compatibility; suitability; usefulness; practicability

	Feasibility
	Extent to which a new treatment, or an innovation, can be successfully used or carried out within a given agency or setting


	Actual fit or utility; suitability for everyday use; practicability

	Fidelity
	The degree to which an intervention was implemented as it was prescribed in the original protocol or as it was intended by the program developers


	Delivered as intended; adherence; integrity; quality of program delivery

	Implementation Cost
	Cost impact of an implementation effort



	Marginal cost; cost-effectiveness; cost-benefit


	Penetration
	The integration of a practice within a service setting and its subsystems


	Level of institutionalization; spread; service access 

	Sustainability
	The extent to which a newly implemented treatment is maintained or institutionalized within a service setting’ ongoing, stable operations
	Maintenance; continuation, durability; incorporation; integration; institutionalization; sustained use; routinization




 
Implementation strategies  
 
Implementation strategies are methods and approaches to improve the quality of implementation. There is a significant lack of understanding around which strategies work best to successfully implement WASH programs. Implementation strategies are often poorly described, if at all; rarely defensible by theory; lack operational definitions or manuals to facilitate use; and are often delivered as part of a package of additional poorly articulated implementation strategies (Proctor et al., 2013). 
A well understood implementation strategy is foundational for translating evidence into practice. While some implementation strategies are becoming better described, the lack of specificity still poses serious challenges, limiting the full intended value of an EBI (Proctor et al., 2013). A well-articulated implementation strategy is a necessary precondition for application of an EBI, as well as meaningful monitoring and evaluation along the continuum, with ample attention given to IOs. Proctor and colleagues provide a useful heuristic to facilitate definition of an implementation strategy, which is also valuable for uncovering gaps in implementation, in Table 2.
Table 2 
Prerequisites to measuring implementation strategies reproduced from Proctor et al.  (2013) 
	Prerequisite
	Requirement

	1. Name it
	Name strategy, using language that is consistent with existing literature, if available



	2. Define it
	Define strategy and discrete, operational components



	3. Specify it
	 

	0. The actor
	Identify who carries out strategy (e.g., volunteers, administrators, customers, healthcare staff, teachers, etc.)



	0. The action
	Identify the specific actions and processes that should be enacted and 



	0. Action target
	Specify targets according to theory or conceptual models of implementation; and identify unit of analysis for measuring implementation outcomes



	0. Temporality
	Specify when the strategy is used, including length of time and stage of implementation



	0. Dose
	Describe intensity or dose, including the minimum required to get the desired outcome



	0. Implementation outcome affected
	Identify implementation outcomes likely to be affected 




	0. Justification
	Describe theoretical, empirical, or pragmatic justification for selection of implementation strategies 





  In summary, to better understand the effectiveness of WASH programs on population health, it is necessary to measure root moderators further back along the continuum. Without an improved understanding of strategies (e.g. what was done to ensure that the solutions were acceptable and feasible?) it is difficult to determine both adaptations to interventions that are needed to improve fit, and methods to implement those interventions. When failure to achieve program or health outcomes is observed, IOs can assist in identifying whether the intervention was ineffective in new setting– or whether it was deployed incorrectly (Proctor et al., 2011). IOs affecting program outputs such as water system functionality, household water quality, safe management of excreta, sustainability, sanitary risk, behavior, equity and the enabling environment must be elucidated to effectively make progress toward the Sustainable Development Goals. 
Implementation Outcomes in WASH: A literature review
A search for literature inclusive of WASH IOs was conducted using the PubMed, Scopus, Global Health, and Web of Science databases. The following search string was used: (“process indicators” OR “implementation outcomes” OR "implementation outcome measures" OR "implementation outcome indicators" OR “implementation science”) AND (“water” OR "sanitation" OR "hygiene" OR handwashing OR handwash OR "hand washing") AND (Utilization OR use OR practice OR practitioner OR translation OR translational OR application). The search returned 415 articles across the five databases. The titles were then screened for WASH related terms, limiting relevant articles to a total of 25. After removing duplicates (n=8) and articles missing online full-text (n=2), 15 articles remained. The majority of the remaining articles focus on hand hygiene in high-income health facility settings. Abstracts were screened for focus on aspects of WASH implementation in low-resource settings, resulting in one relevant article focused on hand hygiene in a low-resource health facility setting in Ghana.  The literature search was supplemented by a targeted manual search to locate studies concerning aspects of WASH implementation in low-resource settings, resulting in an additional eight papers. A summary of the search process is shown in the flowchart in Fig 4.
Figure 4
Literature search flow diagram
[image: ]
 
Results from the studies identified by the literature search are described below. While the main focus of these studies was not necessarily on implementation or IOs, these studies measured factors relevant to implementation. These are highlighted to frame the discussion on use of IOs in future WASH programming and research.    
Results
Hand hygiene implementation in Ghana
Kallam et al. (2018) used the Interactive Systems Framework (ISF) to guide development and delivery of a hand hygiene protocol administered to hospital staff in Ghana. Wandersman and colleagues (2008) describe the ISF as composed of three interrelated systems: 1) Synthesis and Translation System, aimed at distilling and synthesizing research to prepare for dissemination and implementation; 2) the Delivery System, aimed at the delivery of implementation and those who carry it out; and 3) the Support System, where resources are mobilized to support those responsible for delivery and build capacity to deliver with quality and fidelity (Kallam et al., 2018; Wandersman et al., 2008). ISF was used to contextualize and adapt best practices documented by the WHO, using practitioner knowledge and judgment of what would be feasible and acceptable to implement.  This study uses adoption to measure uptake of hand hygiene practice among healthcare staff, though appropriateness, acceptability, feasibility, and cost were all implicitly considered in the design of the implementation package.
Hand washing with soap (HWWS) in India
In a study by Rajaraman et al. (2014), a process evaluation was used to assess implementation of a village-level intervention to promote handwashing with soap (HWWS) in India. Key components of the intervention included community events, a HWWS commitment or ‘pledge’, monitoring of HWWS, report cards and certificates for children, rewards for mothers who pledged, and visual reminder stickers posted on doors and bathroom walls (Rajaraman et al., 2014). Acceptability, was measured through assessing community members’ response to making the HWWS pledge, which varied between men, women, and members of the Muslim community (Rajaraman et al., 2014). Appropriateness was determined by the promoters’ level of comfort with delivering the pledge, the viability of report cards, and individuals and community response to the main character in the campaign (Rajaraman et al., 2014). 
Implementation fidelity was defined in this study as ‘delivery as planned’ (Rajaraman et al., 2014). Fidelity was measured by the completion of major activities including meetings with village leaders, community events, school events, school rallies, and monitoring HWWS (Rajaraman et al., 2014). Fidelity was also measured in more detail to assess elements of quality such as the number of posters put up, the extent the target audience attended the meetings, and the use of the common board where the names of villagers taking the pledge were supposed to be posted (Rajaraman et al., 2014). Breaches in fidelity signaled lack of feasibility and the intervention was modified accordingly to become more practical to implement. 
WASH Interventions in Schools in Mali, Laos, and Kenya 
Three studies measured aspects of feasibility and adoption (described as ‘adherence’ in context of studies) of WASH in schools (WINs) interventions in Mali, Laos, and Kenya, and their effect on health and school outcomes (i.e. school absenteeism). Implementation fidelity was defined as the attainment of targets set for presence of infrastructure and materials (i.e. provision of improved water supply, improved latrines, handwashing stations, WASH supplies for cleaning). The term “fidelity” appears to be largely misused in these studies, since the purported measures of fidelity do not actually assess whether the program was implemented as planned. However, in one of the studies, Chard and Freeman (2018) did measure promotion of the daily group hygiene activities as part of their fidelity measure. This included whether the daily group handwashing, cleaning, and toilet cleaning schedules were posted in at least one classroom or near a toilet, as intended.
Using the characterization of Proctor et al. (2011), measures of adoption include evidence of maintenance and upkeep of infrastructure and materials (i.e. clean latrines, continued provision of soap at handwashing stations), as studied in Mali by Garn, Trinies et al. (2017).  In the Laos trial, water availability was found to be one of the greatest barriers to meeting water supply and sanitation targets (Chard & Freeman, 2018). The initial design consisted of a rainwater tank to supply toilets with water, yet rainwater was not consistently available. The design was ultimately revised, reconnecting the tanks to gravity-fed water supply systems with motorized handpumps (Chard & Freeman, 2018). 
Provision of soap was also found to be a consistent challenge where school directors reported concern of theft and consumption of soap by animals. Buy-in from teachers was also cited as a likely barrier to implementation effectiveness. While not measured as IOs, these observations could be classified as measurements of feasibility and acceptability, respectively.
CLTS in Ghana and Ethiopia
Several papers explored implementation fidelity, cost, and sustainability of a demand driven sanitation intervention, Community Led Total Sanitation (CLTS) in Ghana and Ethiopia. CLTS is a participatory approach facilitated by an external leader to ‘trigger’ awareness of sanitation and hygiene issues with the goal of developing collective action to eliminate open defecation (Kar & Chambers, 2008). CLTS was delivered by various groups of local actors including health extension workers (HEWs) and teachers in Ethiopia, and natural leaders in Ghana. In Ghana, fidelity was measured through number of villages visited by staff facilitators and adoption by community attendance at trainings, uncovering that in communities where natural leaders were additionally trained, there was more intensive sanitation and hygiene activity, including time spent promoting sanitation and hygiene (Crocker, Abodoo, et al., 2016).  Penetration was also measured through time spent promoting sanitation and hygiene. In Ethiopia, existing roles and relationships also influenced acceptability of the intervention where perception of facilitator, social establishment, and level of agency were found as likely moderators of implementation effectiveness (Crocker, Geremew, Atalie, Yetie, & Bartram, 2016). Findings suggest that the IO dimension of appropriateness is an important consideration to measure during design and delivery of a participatory sanitation behavior change intervention. Adoption was also described among household participants, including measures of households with improved latrines constructed and presence of handwashing materials at latrines, which are proxies for household participation and uptake of sanitation and hygiene behavior. 
A follow up study by Crocker, Saywell, and Bartram (2017) explored factors of sustainability, another important IO necessary for maintenance of WASH facilities and individual and collective behaviors. Many household latrines fell into disrepair or collapsed the year after implementation, but were repaired or re-constructed in the same year, even without the presence of external facilitators and incentive of ODF certification (Crocker, Saywell, & Bartram, 2017). The high rates of latrines malfunctioning signal issues in sustainability and call into question feasibility – is it reasonable to expect community members to improve quality of latrines over time with the resources available to them? 
A final cost analysis by Crocker et al. (2017) was done to evaluate cost of program per household targeted. The analysis captured the total cost of implementation, including program facilitation costs, where the majority of spending took place; local investments, such as purchased hardware, community members’ time and facilitators’ time (HEW, teacher, natural leader, program staff). This is the first study to analyze and present comprehensive, accurate, disaggregated costs of a WASH behavior change program, important for implementation design, assessing feasibility, and cost effectiveness (Crocker, Saywell, Shields, Kolsky, & Bartram, 2017).
Table 3
Implementation Outcomes in nine WASH studies
	Study
	Country
	Setting
	Intervention
	Implementation measure(s)
	IO

	Chard et al., 2018
	Laos
	school
	water supply, sanitation, hand hygiene facilities, group hygiene promotion, group handwashing, water filters
	Fit of water supply system type

Toilet use; handwashing; toilet cleaning; compound cleaning; availability of hygiene supplies

Promotion of daily group hygiene activities (schedules posted)

	Appropriateness

Adoption




Fidelity

	Caruso et al., 2014
	Kenya
	school
	latrine cleaning, hand hygiene
	availability of latrine cleaning supplies

implementation cost 
	Adoption


Cost


	Crocker, Abodoo, et al. 2016
	Ghana
	household/
community
	CLTS
	number of villages visited by staff facilitator; community attendance at trainings 

time spent promoting sanitation and hygiene

	Fidelity




Penetration

	Crocker et al., 2017
	Ethiopia, Ghana
	household/
community
	CLTS
	Implementation cost 
	cost

	Crocker, Geremew, et al. 2016
	Ethiopia
	household/
community
	CLTS
	latrine ownership; use; presence of handwashing materials at latrines 

social establishment and level of agency of facilitators

	adoption



appropriateness

	Crocker et al., 2017
	Ethiopia, Ghana
	household/
community
	CLTS
	post-intervention latrine ownership, use, quality
	sustainability

	Garn et al., 2017
	Mali
	school
	water supply, sanitation, WASH supplies, IEC 
	availability of HW containers and soap available, latrine cleanliness, water points functionality (maintenance)


	adoption

	Kallam et al., 2018
	Ghana
	health facility
	hand hygiene package
	hand hygiene adherence
	adoption 

	Rajaraman et al. 2014
	India
	household/
community; school
	Sanitation and hygiene promotion
	level of interest

perception of HWWS pledge; perception of main character in campaign

Presence of promotional posters; attendance at meetings; availability of printed materials; number of HWWS campaign days 

	acceptability

appropriateness


fidelity



A summary of the implementation measures in these studies is shown in Table 3. 
Advocating the need for systematic measurement of IOs in WASH
Overall, the literature review demonstrated an inconsistency in the use of implementation outcomes in WASH. Adoption and appropriateness were most commonly studied. While some instances of fidelity were mentioned, they were often conflated with program outcomes, measuring attainment of program targets rather than implementation of protocol as intended. There were few instances where sustainability or cost were measured post-implementation, but not beyond six months. These findings indicate there is a need to develop more consistent definition and use of IOs within WASH.
To do this, a set of ‘leading’ and ‘lagging’ IOs are recommended for standard measurement as part of WASH programming and research. Leading IOs are those that affect and predict the performance of more downstream, or ‘lagging’ IOs (E. Proctor et al., 2011). Priority leading IOs for WASH include appropriateness, feasibility, and fidelity. Priority lagging IOs include adoption, penetration, and sustainability. We now provide some guidelines for how these IOs can be measured for typical WASH programs.
Appropriateness 
Appropriateness is perhaps the most foundational IO to measure when designing and delivering a WASH program. Appropriateness concerns the perceived fit of the intervention by those who are delivering it. In WASH, it is often volunteers, local leaders, or staff who are trained to deliver sanitation and hygiene behavior change programing. These local groups are well-positioned to engage and follow up with target communities through established relationships and rapport. To ensure implementation effectiveness, it is essential these local actors are bought-in, as they often represent the first exposure of the program to participants.  To accomplish this, the program should be assessed as relevant and useful to local implementers and in alignment with what they aim to achieve; otherwise, motivation may wane and negatively interfere with implementation effectiveness. Data can be gathered through surveys and focus groups where questions on relevancy and usefulness are delivered to gauge level of appropriateness. Information can be used to adapt programming approaches to better fit context.
Feasibility
Long-term feasibility is often neglected in large impact studies, in which interventions are typically implemented in tightly controlled environments and close to ideal circumstances. The true test of feasibility occurs when project funding and external attention diminishes. For example, in a sanitation and hygiene behavior change program, the curriculum should be assessed for whether it can be practically administered by implementation stakeholders (i.e. local actors).  Barriers to feasibility may include overly complex procedures and delivery mechanisms that later affect fidelity of programming because it is impractical to carry-out in local circumstances. To ensure implementation is feasible, the program should be assessed to understand if the resources needed are available. Data can be gathered through focus groups or interviews where questions on suitability and practicality are administered, gauging level of feasibility. Checklists may also be used to assess resources needed and mark tasks and milestones completed. Early changes to the program design to ensure feasibility will facilitate adoption and sustainability.
Fidelity
Fidelity is the extent to which implementation is delivered as intended. In WASH, this does not only include delivery of hardware but also the software that is delivered to support quality and adherence to intended practices. Software is often thought of as the hygiene and behavior change components, but software also includes the support systems and resources to build capacity of local implementers. To ensure high fidelity, programs need clearly established standards for how the program should be delivered to achieve and maintain quality. Data can be gathered routinely through a fidelity checklist to assess if the program has been delivered to such standards. If there is a breach in fidelity, it should be analyzed alongside other IOs to help explain the cause(s), as more upstream or ‘leading’ IOs may be affecting implementation fidelity. The use of checklists can help guide implementation fidelity and assess presence of quality standards met. 
Adoption
Adoption is the uptake of an intended practice or behavior among a target population, such as handwashing at key times among healthcare staff. In the studies described above, there were high levels of reported acceptability, yet low levels of ‘adherence’ or adoption. Often times, adoption may be higher at the beginning of implementation with a steady decline post-implementation. Continually observing handwashing and other activities can become burdensome and invasive; therefore, data should be gathered through surveys that assess elements as proxies for behavior. This can be done using a checklist to assess cleanliness of a sanitation facility or the presence of handwashing materials at a household. Routine monitoring is important here as early signals of variation may indicate lack of penetration and sustainability.
Penetration
While scale is often the focus of impact evaluation, penetration is the integration of practice within a particular setting. Penetration relies on consistent adoption, but expands on this by taking root within a system, at scale. This spread, or diffusion of innovation, is important to measure at key times throughout the program. Signals of penetration setup for long term sustainability. Evidence of penetration can be gathered by review of institutional policies for incorporation of sanitation and hygiene standards that may not have existed before. Sufficient penetration should be investigated and monitored across different groups to ensure equitable and quality conditions are available to the most vulnerable and marginalized. Penetration can be measured through household surveys in a random sample of the population, surveying for behaviors, conditions, and signs of policy effectiveness (i.e. level of awareness and knowledge).
Sustainability
It is rare to evaluate WASH program effectiveness years after implementation. There is often no funding to go back and do such an evaluation, which may be a disincentive for program designers to consider requirements for sustainability upfront.  Sustainability is the ultimate marker of implementation success, as it quantifies the extent an innovation has taken root within a setting and become institutionalized. Unfortunately, many sanitation and hygiene behavior change interventions experience ‘slippage’ post implementation. Establishment of a routine monitoring system, setup with existing systems and structures (i.e. local government), can help bring transparency to the challenges around measuring sustainability.
Recommendations
We question the value of continually running impact studies without further measurement of implementation processes. As described above, monitoring plays a key role in doing this well. Yet, monitoring continues to be a challenge in WASH and is foundational for meaningful IO measurement. Robust monitoring systems are not widespread or commonplace in WASH. As a first step, it is recommended that practitioners, governments, and policy-makers join together to develop fit-for-purpose monitoring systems to accommodate IO measurement during program implementation. IOs are situated on the causal pathway to achieving health outcomes and need to have a place in monitoring systems. IOs should not be relegated to measurement at the beginning and end of a program, but continually measured as implementation is carried out. This will capture changes in attitudes and levels of acceptance of local actors and program participants, who are dynamic and who may change over time as deeper understanding is developed of the program. 
Limitations
[bookmark: _GoBack]The literature review excluded review of grey literature. Incorporating grey literature may unveil new insights into implementation outcomes used in WASH. Only publications written in the English language were reviewed as well as only online resources. The literature search returned few relevant studies; however, relevant papers discussing implementation and IOs may not be classified as ‘implementation science’ papers nor be tagged with implementation science terminology. The main focus of the resultant papers described above were not on implementation itself, but rather on the linkages of implementation processes to health and service system outcomes.
Conclusion

This is the first paper that we know of to explore the use of IOs in WASH. The use of IOs can add value to WASH policy and planning discussions and guide more efficient and effective implementation in progress toward the SDGs.  For decades, implementers and stakeholders have been focused on the more physical aspects of WASH with monitoring primarily focused on outputs and infrastructure, independent of informed decision-making to modify and improve implementation. The SDGs now call us to a bold new future for WASH. Thus, we encourage public health leaders to demand evidence of efficient and effective implementation, making space for new systems and structures to develop; and we call practitioners to develop new capacities to carry out effective implementation in facilitating global progress toward SDG 6.
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