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Water, sanitation and hygiene (WASH) behaviour change
research: why an analysis of contingencies of reinforcement is
needed
Samuel Ginja, Stephen Gallagher and Mickey Keenan

School of Psychology, Ulster University, Coleraine, Northern Ireland, UK

ABSTRACT
Diarrheal disease associated with poor water, sanitation and hygiene
(WASH) kills more than one million people every year. Safe WASH prac-
tices have the potential to greatly reduce these statistics but behaviour
change interventions in the field have yielded little success to date.
Currently, there is an emphasis on addressing cognitive processes to
bring about changes in behaviour. In this review, a case is made for the
benefits of a contingency-based perspective, focusing on the contextual
antecedents and consequences of behaviour. The role of contingencies of
reinforcement, not explored in previous WASH literature, is discussed as
an explanatory framework for designing behaviour change strategies.
A proper use of contrived reinforcers is recommended to counterbalance
the natural reinforcers of convenience associated with risk practices.
Recognising the role of consequences in the acquisition and maintenance
of behaviour is an important step in the search for the answers urgently
needed in the WASH field.
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Background

Inadequate water, sanitation and hygiene (WASH) remain critical problems in many parts of the
world. Over 2 billion people lack access to water that is readily available at home and free from
contamination, including 263 million people who have to spend over 30 minutes per trip collecting
water from external sources, and 159 million who drink untreated water from sources such as
streams or lakes (WHO, 2017). At the same time, more than one third of the world’s population
lacks basic sanitation such as facilities for the safe disposal of human waste (CDC, 2015) and only
19% washes hands with soap after contact with excreta (Freeman et al. 2014). Faecally-
contaminated water caused an estimated 1.3 million deaths in 2015 (GBD et al., 2017), of which
499,000 were children younger than 5 years of age, representing 8.6% of the deaths in this age group
(GBD 2015 et al., 2016). Another study estimated that in 2012, 502,000 diarrhoeal deaths were
attributable to unsafe drinking water, 280,000 deaths due to inadequate sanitation, and 297,000 due
to poor hand hygiene (Prüss-Ustün et al. 2014).

It is no accident that the acronymWASH points to solutions for addressing the spread of disease;
this includes all aroundwater use, sanitation and hygiene. Quite simply, there are behaviours that need
to occur in order to prevent contamination and to contain/redress associated problems. For example,
handwashing with soap, treating water, and appropriately disposing of excreta have resulted in
diarrhoea risk reductions from 17% to 48% (Cairncross et al. 2010). Treating water at home can
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significantly reduce diarrhoeal death even when not in combination with additional measures
(Fewtrell et al. 2005; Clasen et al. 2007). Data also suggest thatWASH interventions can be highly cost-
effective (Bartram and Cairncross 2010). Nevertheless, to dateWASH interventions have yielded little
success in either changing behaviour or in maintaining those changes (e.g. Waddington and Snilstveit
2009; Garn et al. 2017). For example, only 27% of intervention studies have found a sustained use of
household water treatment (with rates >50%) at the last recorded follow-up (Parker Fiebelkorn et al.
2012), a finding that is especially worrying considering that a decline in adherence to safe drinking and
storage from 100% to 90% reduces predicted health gains by up to 96% (Clasen 2015). This illustrates
the pervasiveness of the problem and the necessity to target multiple areas of exposure to contamina-
tion if a significant impact on health is to be detected.

Within a community where disease is rampant, there are many points of entry where interven-
tions to be targeted, ranging from government investment in key infrastructures right down to an
individual level where personal actions critically determine the extent to which they will be
protected from disease. For this reason, the design of interventions at any level often incorporates
a systemic perspective on how success or failure influences or is influenced by practices at different
levels (e.g. Hovell et al. 2002). Across all levels, the entry point of an intervention is found by
pinpointing those behaviours that need to occur, but which often fail to occur, and by whom. For
example, in the case of household water treatment interventions, those behaviours include not only
treating and storing water adequately, but also cleaning treatment and storage materials frequently,
using contamination-free glasses or utensils at every serving, or washing hands before drinking or
handling water. Another important behaviour could be replacing mud floors with concrete. These
practices may vary between males and females, and between adults and children, according to
cultural and other social circumstances (e.g. Khanna and Das 2016). At a higher level, the relevant
behaviours of a community leader include reporting risk situations, allocating budgets to WASH
infrastructure and initiatives, or collaborating with external parties (e.g. NGO’s).

Formative research is often carried out to identify which WASH behaviours are most critical in
a particular context (e.g. Ngure et al. 2013). Once those target behaviours have been pinpointed, the
task is to find valid ways tomeasure them. Examples ofmeasurementmethods in handwashing studies
include direct observation and the use of motion sensors (e.g. Ram et al. 2010). The next question is
how to go about arranging conditions to increase or decrease behaviours as desired. This is the domain
of behaviour change interventions and includes everything the behaviour change agents do, from
talking to people to building (or helping build) new facilities or distributing materials. Those more or
less complex interventions, or events, in the target person’s environment are the independent variable,
and the behaviour of interest is the dependent variable (Austin and Carr 2000).

Using this ‘behaviour-focused’ framework as a starting point, we examine the behaviour change
research that has been conducted to address the WASH problem, taking into account the variety of
conceptual models that have informed interventions. We argue that the current focus on aspects
other than behaviour may be contributing to the largely discouraging results that are commonly
reported by WASH interventions.

Existing formulations of WASH behaviours

Given the urgency of theWASH problem, and that the occurrence of specific behaviours is all that is
needed to prevent disease, one would expect discussions in the WASH literature to revolve around
identifying (and measuring) those key behaviours, and putting in place the conditions needed to
establish them. Surprisingly, though, these behaviours are not always the primary focus of interest
in WASH studies. It is not uncommon, for example, to find WASH interventions in which the
primary aim is said to be raising awareness (Evans et al. 2014) or changing variables such as beliefs,
attitudes, self-efficacy or knowledge (Rosen et al. 2009). In these cases, it is unclear what specific
behaviours those interventions are trying to increase or decrease. By contrast, other authors have
viewed behaviour as their primary dependent variable and asserted that the identification and
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definition of target behaviours should be the first step to develop a behaviour change intervention
(Devine 2009; WHO 2015). But even in those instances, researchers try to change behaviour by
targeting ‘internal behavioural determinants’ such as beliefs or knowledge (Devine 2009, p. 4). This
cognitive perspective (i.e. where hypothesised psychological variables are said to act as mediators
between environment and behaviour), is common, with more or less emphasis, to all of the existing
19 (or so) formulations of WASH behaviour, including theories, models and (otherwise) frame-
works (Parker Fiebelkorn et al. 2012; Dreibelbis et al. 2013; Hulland et al. 2015; Aunger and Curtis
2016). What should have been regarded as the search for a functional relation between two variables
(i.e. independent and dependent) is now presented as a problem in determining the nature of a
complex network of relationships between cognitive processes and other factors (Moore 2016). The
recommendation for researchers then is not to manipulate some event in the person’s environment
in order to change behaviour; instead, it is to change, amongst others, risk perception through
information, or instrumental beliefs through persuasion, in order to achieve behaviour change (e.g.
Mosler 2012).

The relevance of the cognitive view has been a matter of discussion within psychology for many
years (e.g. Chiesa 1994; Baum 2016). A systematic review of WASH behavioural models concluded
that existing approaches have overemphasised hypothetical psychological variables and should
instead focus on aspects of the physical and natural environment, as well as on technological
features (Dreibelbis et al. 2013). However, in a more recent systematic review, psychological factors
were considered key for the maintenance of WASH behaviour change, alongside technological and
contextual factors (Martin et al. 2018). In fact, in another review it was reported that socio-
psychological variables explained 62% of safe water drinking behaviours, while contextual factors
were said to contribute little by way of explanation (Lilje and Mosler 2018). This shows that, despite
the general lack of success of previous interventions, all of which are rooted in the cognitive
tradition, there continues to be much interest around hypothesised psychological variables amongst
those working in WASH behaviour change.

Practical value of existing WASH formulations

An important quality of any good explanatory formulation is its ability to inform solutions, i.e. its
practical value, which is closely related with the clarity of the concepts upon which the formulation
is based. For example, the concepts of ‘action knowledge’ and ‘perceived self-efficacy’ have been
considered as two of the most influential factors for safe water practices (Lilje and Mosler 2017).
Lilje and Mosler defined action knowledge as to ‘know how to perform the behaviour’ (Lilje and
Mosler 2017, p. 16) and pointed out that interventions should, amongst others, provide the
necessary how-to-do knowledge. In some studies, knowledge and behaviour are treated inter-
changeably (e.g. knowledge of good handwashing was assessed through demonstration of good
handwashing) (SEUF 2004).

More typically, the word knowledge is used to refer to verbal behaviour, e.g. correctly describing
how and when hands should be washed or facts about disease transmission associated with poor
hygiene (Khan et al. 2013; Rabbi and Dey 2013). Furthermore, it is hoped that such knowledge will
be an indicator that the behaviour described or implied in the verbal description is occurring (e.g.
handwashing). Interventions that aim to increase knowledge or awareness, or to educate (e.g.
Rainey and Harding 2006; Vivas et al. 2010) appear to be those where, at the start of the programme,
the target population provides inadequate descriptions of the behaviour or facts to which the
intervention relates. Possible reasons for this could be that those individuals have not come into
contact with the relevant facts before, including by seeing or hearing about them through other
people (provided that time, lack of practice, and other experiences have not made them ‘forget’).
When people’s verbal reports match the facts (i.e. people ‘have the knowledge’) but the performance
is unsatisfactory, the recommendation is not to educate, in the sense of providing more facts, but to
address other variables, for example events in the person’s social environment with a view to
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changing the actual WASH behaviour (e.g. Paredes et al. 1996; McLennan 2000). There is a vast
range of behaviour change interventions which are said to educate or increase knowledge; for
example, guided walks ‘to generate knowledge’ about the location of faeces in their community
(Devine 2009, p. 9), mass media advertisements or one-to-one discussions (Hulland et al. 2015), or
providing persuasive arguments and use reminders (Tamas et al. 2009), to name just a few. Other
than telling that the practice or described facts are novel to participants, it is unclear how concepts
such as ‘lack of knowledge’ and ‘need for education’ have contributed to the design of WASH
programmes. More importantly, the saying-doing gap is well-known (Jenner et al. 2006; Rabbi and
Dey 2013).

The other variable identified as influential for safe water behaviours was ‘perceived self-efficacy’,
or the belief in one’s ability to perform the behaviour (Lilje and Mosler 2017). Self-efficacy is
sometimes presented as a behavioural determinant with little discussion about its own environ-
mental determinants, leaving it up to the reader to guess what caused self-efficacy and how it is to be
increased (e.g. Seimetz et al. 2017). Others have questioned whether behaviour itself may be
determining self-efficacy (Aboud and Singla 2012). For example, school educators were found to
score higher on self-efficacy in getting all the children to wash hands before lunch than in getting
children to wash hands after individual bathroom use (Rosen et al. 2009). According to the authors,
this could have been because it is easier to do so in the former than in the latter situation. In another
study, low usage of pond sand water filters was attributed to poor self-efficacy and it was recom-
mended that:

“To increase self-efficacy, further information must be collected regarding where the problem lies. For
example, if it is a matter of not having enough people to collect enough water, other households may be
prompted to collect water together. However, if it is a malfunction of the filter, the device needs to be
improved or further water points need to be implemented.” (Inauen et al. 2013, p. 9).

The list of ‘interventions to increase self-efficacy’ to promote WASH behaviours is long and
heterogeneous including, amongst others, guided practice, modelling, ‘facilitating resources’
(Mosler 2012), motivational interviewing (Thevos et al. 2000), or simply creating easier water
storage methods (Stocker and Mosler 2015). As such, it not clear how the construct has contributed
to the generation of behavioural solutions. What is clear, though, is that events in the environment
seem to be the primary determinants of self-efficacy (however defined) and associated observable
behaviours.

An alternative approach

The issues discussed so far are familiar to those in the field of behaviour analysis, which has been
defined as the scientific study of principles of learning and behaviour (BACB 2018), with a focus on
the interaction between behaviour and environment without hypothesising about internal states
(Pierce and Cheney 2013). At the core of behaviour analysis is operant conditioning, concerned
with the study of how the environment, and specially consequences, affect behaviour (Skinner 1953;
Schneider 2012). The three-term contingency (A: B: C) summarises the inter-relationship between
the (A) antecedent events in the environment or context, (B) the behaviour, and (C) the con-
sequences that affect the probability of subsequent behaviour, either increasing it (reinforcement)
or decreasing it (punishment).

The three-term contingency constitutes the unit of analysis of all operant (i.e. consequence-
shaped) behaviour, of which WASH practices are examples. However, its discussion is notably
absent from all existing WASH formulations. Taking an example discussed earlier (Rosen et al.
2009), Table 1 illustrates a contingency of reinforcement for the behaviour of pre-school educators
in getting pupils to wash their hands. It was reported that educators were more likely to succeed
before lunch time, when all children gathered, than after a child’s individual bathroom use. On the
left-hand side of Table 1 is the key antecedent in this example, the moment when all children come
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out of the classroom. Other important antecedents are the presence of handwashing facilities and,
a more distal one, the training or instructions received from superiors to promote hand hygiene
amongst children. The behaviour of educators consists of their supervisory actions, such as gestures
and verbal prompts directed towards children. The consequence is that a greater number of
children end up washing their hands, i.e. a positive reinforcement effect, increasing the likelihood
that educators will carry on with their handwashing-promoting behaviours (and, presumably,
a stronger belief in their ability to do so).

Another instance of the three-term contingency is the public pledge, consisting of ceremonies
where participants promise to other community members that they will adopt safe WASH prac-
tices. By pledging, individuals change their social environment and create a situation that brings
about positive social attention (e.g. praise) when the promise is kept, and, perhaps more commonly,
aversive consequences (e.g. criticism) when the promise is broken (e.g. Biran et al. 2014; Lewis et al.
2018). The key to success is in ensuring that promise-keeping behaviour is positively, rather than
negatively reinforced.

Behaviours such as drinking water when thirsty, rejecting extraneous substances, or keeping one
body’s clean, avoiding pain and disease, are maintained by consequences termed unconditioned
reinforcers (i.e. unlearned) in that they increase the chances of survival and reproduction of
a species. On the contrary, some reinforcers are called secondary or conditioned because they
acquire their power to control behaviour during the individual’s lifetime through pairings with
natural reinforcers. Examples are money, certificates and social attention.

Many of the cognitive concepts discussed in previous sections are based on the effect of
consequences on behaviour, such as the ‘risk perception’ associated with drinking untreated
water. For example, the generalised low perception of tap water quality in South Korea was
attributed to people’s negative experiences associated with its consumption (e.g. cases of poisoning,
bad taste) (Um et al. 2002). To change the public perception, authorities were advised to improve
the quality of river water (the source of tap water) and to replace corroded water pipes. This
consequence-based explanation is also implicit in the recommendation to show scenarios as a way
to increase risk perception of WASH hazards (Mosler 2012). But although scalding one’s fingers
with boiling water invariably and instantly causes pain, people do not always fall sick after drinking
untreated water, and if they do, it may take hours or days until symptoms appear. Therefore, while
there is consensus that boiling water burns, in communities where waterborne disease is a concern
there are people who see no link between drinking untreated water and diarrhoea (McLennan 2000;
Banda et al. 2007), who describe it as a random occurrence and are confused as to whether it is
caused by ‘bad water’ or ‘bad food’ (Rainey and Harding 2006). This shows that risk perceptions
(however defined) depend on the severity, frequency, and immediacy of the consequences experi-
enced when unsafe water is drunk.

Other factors said to explain water risk perceptions were ‘information’ and trust in water
suppliers, related to the concept of rule-governed behaviour (Skinner 1984). Rules are verbal stimuli
that describe or imply contingencies of reinforcement (e.g. ‘that water is good’) or of punishment
(e.g. ‘that water makes you sick’). When following what others say and do increases survival and
satisfaction, rule-following behaviour is reinforced. Alerting populations to the dangers of diar-
rhoea, and explaining the benefits of drinking treated water (e.g. McLennan 2000), is making use of
rules. When following someone’s advice results in aversive outcomes, people are less prone to
following advice from that and similar sources. This seems to have been the case with water supply

Table 1. Hand-washing behaviour discussed by Rosen et al. (2009) when viewed from the perspective of the three-term
contingency.

Antecedents Behaviour Consequences

Lunch time, all children come out of classroom Educators prompt pupils to wash hands Children wash their hands
Handwashing facilities available
Previous training/instructions
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companies for many South Koreans, who now refuse to drink tap water despite reassurances that it
is safe to do so (Um et al. 2002). Rule-governed behaviour can reduce an individual’s sensitivity to
non-rule-governed contingencies (Hayes et al. 1986; Ghaderi 2006), which may be why tap water is
often drunk despite the chlorine flavour.

Habit is often discussed to explain behaviour change and, particularly, maintenance. The
solution, then, is to alter cues in the environment (Dreibelbis et al. 2013; Hulland et al. 2015) so
that habits can be formed through behaviour repetition and reinforcement (Kwasnicka et al. 2016).
In a report by the World Bank, a number of interventions to tackle open defecation were suggested
based on the notions of habit and nudging, which were exclusively around modifying the material
environment (e.g. easy-to-build latrines) or the social environment (e.g. telling men that chances of
finding a wife increase if they own a loo), or rewarding latrine use (Neal et al. 2016). This shows that
in practice the implications of a habit approach are the same as those of an operant analysis. There is
also confusion as to whether habits are behaviour or something else, as in the common claim that
habits are one of the factors that determine behaviour (Aunger and Curtis 2016).

Identifying contingencies of reinforcement

To understand or promote WASH behaviours, it is important to consider the contingencies that
maintain the inadequate practices. When water is not boiled, there is more time left for other
activities, such as childcare or house chores, to sit down and relax, or for entertainment or social
interaction. As a result, raw water drinking is reinforced. Taking this view, potential antecedents
and reinforcers for three common unsafe WASH practices are presented on Table 2. This literature
is mainly observational (including qualitative) rather than experimental, hence the use of the word
‘potential’. Table 3 presents a list of potential reinforcers for three safe or adequate WASH
behaviours, which are the counterparts of the above. This list is not exhaustive but illustrates how
contingencies occur naturally, even when no intervention is in place, and include positive and
negative (‘avoiding . . . ’) reinforcement.

Related to reinforcement is the concept of motive which has been proposed to guide the
development of WASH behaviour change interventions (Aunger and Curtis 2016). The authors
provide examples of motives, such as status and affiliation (mothers wanting to be recognised as
good mothers) or nurture (mothers wanting to keep their child happy and smiling), which are
consistent with the kind of consequences listed on Table 3. However, rather than defining motives
as the ‘mental mechanisms that evolved to produce this good-directed behaviour’ (Aunger and
Curtis 2016, p. 430), a more parsimonious account is that they are the consequences that keep
mothers engaging in the appropriate WASH behaviours, i.e. reinforcers, whether this due to natural
selection or to experience during their lifetime.

The information presented on Tables 2 and 3 suggest that behaviour change interventions fall into
modifying antecedents (also referred to as stimulus control) and/or modifying consequences (most
typically through positive reinforcement). It is, therefore, of interest to consider how each of these two
approaches has been implemented in WASH behaviour change research. According to the authors of
the two WASH reviews (Curtis and Cairncross 2003; Fewtrell et al. 2005), the existing evidence is too
weak to allow any reliable conclusions on effectiveness but the focus here is on the nature of the
strategies reported. Some of those strategies, more or less explicitly, indicate consequences.
‘Encouraging specific behaviours’ can mean using both antecedents such as giving recommendations
or verbal prompts, or providing consequences such as praise contingent upon good performance.
However, the strategies revolve predominantly around changing antecedents such as verbal stimuli
(e.g. education, instructions) or modelling the behaviour. This aligns with the fact that healthy eating
promotion still relies mostly on education techniques (Brug 2008). Such approaches can prompt the
desirable behaviours but, in the perspective argued here, will only do so successfully in so far as
reinforcing consequences follow. To illustrate, consider another way of antecedent control reported by
the reviews involving changes to the physical environment, installing a hand pump. This is an
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antecedent intervention but, once in operation, a hand pump carries obvious naturally-occurring
consequences: water comes out with an effortless hand push or a tap twist; there is no need to open
and close a lid or tilt a heavy container each time which could result in spillages; and there is less need
to supervise or serve water to children who may now be able to get it by themselves.

Consequence-based interventions

A third review of WASH studies included consequence-based interventions such as contingent
rewards or performance feedback (Briscoe and Aboud 2012). Examples included placing stickers on
the door of households who had used the most soap (Luby et al. 2010) and providing feedback on

Table 2. Potential antecedents and reinforcers for three common WASH problem behaviours.

Potential antecedents Behaviour Potential reinforcers

- Untreated water is readily available (Shaheed
et al., 2014; Wanigasuriya, Peiris-John,
Wickremasinghe, & Hittarage, 2007)

- Untreated water appears harmless (is clear and
odourless) (Rainey and Harding 2006)

- Water treatment/storage technology is expensive
(Vásquez, Mozumder, Hernández-Arce, &
Berrens, 2009)

- Water treatment/storage is complex (Reller et al.,
2003)

- Neighbours and others in the community drink
untreated water (Ritter et al., 2014)

- Lack of oral/written information as to where to
buy water treatment/storage materials (Sobsey,
Stauber, Casanova, Brown, & Elliott, 2008)

Drinking untreated
water

- Better taste, compared to chlorine taste (Nagata
et al., 2011) or to post-SODIS taste (Rainey and
Harding 2006)

- Cooler temperature of untreated water, compared
to sun-exposed water (Rainey and Harding 2006)

- Saving money (Gilman & Skillicorn, 1985)
- Avoiding time/effort to treat water (Mintz,
Bartram, Lochery, & Wegelin, 2001); more time
for other tasks, e.g. house chores and childcare
(Rainey and Harding 2006)

- Avoid damage of materials, e.g. breakage of
ceramic filters (van Halem, van der Laan,
Heijman, van Dijk, & Amy, 2009)

- Avoiding accidents, e.g. scalding whilst boiling
the water (Oswald et al., 2007)

- Avoiding criticism/unwanted attention for
treating water (Figueroa & Kincaid, 2010)

- Avoiding confrontation with household authority
(Trinies, Freeman, Hennink, & Clasen, 2011)

- Proximity to places where one is less likely to be
seen (e.g. bushes, behind buildings) (Sample,
Evans, Camargo-Valero, Wright, & Leton, 2016)

- Proximity to surface water sources (to allow anal
cleansing) (Routray, Schmidt, Boisson, Clasen, &
Jenkins, 2015)

- Other people also defecate in the open
(Pfadenhauer & Rehfuess, 2015)

- Not having a toilet or latrine (Guiteras, Levinsohn,
& Mobarak, 2015)

- Latrine is poorly maintained (Kwiringira,
Atekyereza, Niwagaba, & Günther, 2014)

- Queue to use shared latrine (McFarlane, Desai, &
Graham, 2014)

Open defecation - (When far from latrine/toilet) Saving time (Biran,
Jenkins, Dabrase, & Bhagwat, 2011)

- (For women going in groups to open defecation
sites) Socialising with other women, feeling
protected, and ‘disconnected’ from household
chores (Routray et al., 2015)

- Avoiding bad smell and disgust for using latrine
(Ashebir, Rai Sharma, Alemu, & Kebede, 2013),
avoiding falling sick (Desai, McFarlane, &
Graham, 2015)

- Avoiding waiting to use latrine and avoiding
being seen whilst defecating in latrines with
poor infrastructure (Ahmed, Begum, Chowdhury
2010)

- (In proximity of rivers) Anus can be cleaned
(Routray et al., 2015)

- Lack of soap, water or washing facilities (Scott,
Curtis, Rabie, & Garbrah-Aidoo, 2007), or these
are not conveniently placed (Whitby, McLaws, &
Ross, 2006)

- Being too busy (Whitby et al., 2006)
- Soap is hidden (to prevent theft) and thus not
seen by those washing hands (Scott et al., 2007)

- Hands appear to be clean (Whitby et al., 2006)
- (In some places) Alcohol-based hand rubs are said
to be sinful (Allegranzi, Memish, Donaldson, &
Pittet, 2009)

- Soap is expensive (Aunger et al., 2010)

Poor hand/body
hygiene

- Saving time (Smiddy, O’ Connell, & Creedon, 2015)
- Saving water (Graf, Meierhofer, Wegelin, & Mosler,
2008)

- Avoiding getting hands to become dry, cracked,
and irritated with chemicals (Whitby et al., 2006)

- (For provision of soap) Avoiding soap being stolen
or wasted by neighbours or children (Scott et al.,
2007)

- (When hand-drying is not possible) Avoiding
having wet hands for long periods of time
(Abdella et al., 2014)

- Avoiding criticism and other sanctions for using
certain hand washing chemicals (Allegranzi
et al., 2009)
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hand hygiene performance through home visits (Cairncross et al. 2005). It is unclear whether these
strategies were effective or not, but a key question raised is that of how reinforcing consequences are
to be selected. One option is to ask participants what they prefer from a range of items (e.g.
Rickerson 2013); another is to carry out actual tests until an effective reinforcer is found (e.g.
Gallagher and Keenan 2000).

There has been conflicting data on the effectiveness of consequence-based interventions reported
in the health behaviour change literature (e.g. Bassani et al. 2013; Giles et al. 2014). One possible
reason is the wide variation in the type of consequences used and in the conditions under which
they are used (e.g. immediately after the behaviour, after a fixed vs unpredictable number of
behaviours) (Meredith et al. 2014). Studies on the effects of WASH interventions using material
incentives appear to be rare. A few exceptions include two small studies, one in which soap bars
with embedded toys where distributed to households with children (Watson et al. 2018) and
another one where villagers were able to sell their household’s urine to be used as fertilizer
(Tilley 2015), both of which reported positive results. Perhaps one of the best examples is
a randomised controlled trial that involved nearly 3000 households in India, which used novel
soap dispensers fitted with sensors that monitored use (Hussam et al. 2017). Households were
randomly assigned to either control group (no soap dispenser) or to one of three interventions: a)
soap dispenser; b) same as a plus monitoring with biweekly performance reports during home visits;
and c) same as b plus incentives (tickets were earned according to dispenser use, which were later
exchangeable for catalogue items focused on child health, schooling, or on the household). Results
showed that, relative to the control arm (no dispenser), all three treatments generated substantial
improvements in handwashing (and in child health) eight months after the withdrawal of monitor-
ing and incentives, with the largest effects being found in the incentive condition.

Guidelines exist for the successful implementation and withdrawal of token economies (a special
type of incentive scheme) such as the gradual removal of the tokens, reinforcing behaviour in a variety
of situations, and providing praise with the delivery of tokens (see Kazdin 1982). In the programme
described above, the authors noted that incentives had been selected considering the characteristics of
the target population and that participants in the incentive condition had been given a prize at the start
to enhance their motivation (Hussam et al. 2017). Thismay have contributed to the long-lasting effects

Table 3. Potential reinforcers for three common WASH desirable behaviours.

Behaviour Potential reinforcers

Drinking treated water, or treating
water for drinking

- Better health (e.g. ‘fewer stomach problems) (Rainey and Harding 2006)
- Improved taste, smell and appearance of treated water, compared to untreated water
(Ngai, Shrestha, Dangol, Maharjan, & Murcott, 2007)

- Approval and admiration by others for using water treatment technology (Trinies
et al., 2011), including by researchers (Wood, Foster, & Kols, 2012)

- Social interaction when collecting the water from safe source (Mosler, Blöchliger, &
Inauen, 2010)

- Avoiding criticism (‘social pressure’) (Graf et al., 2008)
Using a toilet or latrine - Convenience, cleanliness and good health (Jenkins & Scott, 2007)

- More chances to find a female partner and marry (Stopnitzky, 2017)
- Avoid social embarrassment for not using a toilet/latrine (O’Reilly & Louis, 2014)
- Avoid issues with neighbours for defecating in or near their land (O’Reilly & Louis,
2014)

- Avoiding being seen defecating in the open, and avoiding the issues of going to the
bushes, e.g. being bit by animals, robbers, getting faeces stolen for sorcery (Jenkins &
Curtis, 2005)

Washing hands or body - Avoiding disease/contamination, avoiding bad smell (Curtis, Danquah, & Aunger,
2009)

- Being accepted/approved by others (including children not being bullied by others for
smelling bad) (Scott et al., 2007); avoiding rejection for bad smell, or being called
dirty (Scott et al., 2007)

- Sexual attractiveness (Aunger et al., 2010; Curtis et al., 2009)
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observed but it is unclear how well other guidelines were followed (e.g. gradual phase out), in this and
in other WASH incentive programmes.

Conclusion

Similar to other areas of behaviour change research, the field of WASH has seen an expansion of
explanatory models, theories and frameworks, generally rooted in the cognitive tradition. It is
unclear how researchers have benefited from looking for psychological processes as the basis of
behaviour change. As long as researchers continue to do so, we can expect confusion about what are
those ‘underlying processes’, or what interventions should target. Acknowledging the role of
reinforcement is a step in the right direction, but it will most likely be disregarded if descriptions
of behaviour remain cognitive in nature (e.g. Aunger and Curtis 2016).

Rather than trying to understand the ‘software’ of behaviour (Mosler 2012), this article is an
attempt to shift the discussion towardsmore pragmatic issues.What, and whose behaviours need to be
targeted, how to measure them, and what activities need to be undertaken to change them (i.e. the
behaviour of field workers), are the key questions for researchers and practitioners. To answer the last
question, there has to be some sort of theoretical formulation of behaviour to guide the actions of
researchers and practitioners. The three-term contingency is the theoretical element proposed in this
review. In this perspective, both antecedents and consequences of behaviour need to be considered,
including those that maintain inadequate practices as well as those that can help sustain the desirable
practices. Providing people with the necessary materials and infrastructure, giving information and
showing what to do, are important aspects of one’s environment and will most likely continue to play
a role in behaviour change efforts. On their own, however, these strategies often fail to produce the sort
of consequences that most people are attracted to. In those cases, contrived consequences such as
material goods, access to activities, entertainment, social interaction, performance feedbackor other
forms of social recognition, are ways of counteracting the reinforcers of convenience that make
practices such as drinking raw water or defecating in the open so pervasive. How acceptable and
effective reinforcers are to be selected, and whether behaviour change is maintained over time, remain
central questions. By withdrawing contrived reinforcers gradually, researchers can have an indication
of whether the behaviour is maintained, whether naturally-occurring reinforcers exist that can
continue to sustain the practice, or whether new contrived reinforcers need to be tested until there
is some evidence of behaviour maintenance. Social reinforcement provided by other members of the
community, e.g., by setting up local WASH groups, may be especially helpful in the long-term, when
the behaviour change agents are no longer available, or not as frequently. A more informed use of
positive reinforcement can help researchers and practitioners arrange the contingencies that not only
make people ‘want’ to change, but most importantly that bring about lasting change of safe WASH
behaviours, in order to tackle the many pressing challenges of the WASH agenda.

Acknowledgments

We thank all the members of the SAFEWATER team, both at Ulster University, in Mexico and in Colombia, for their
input in frequent team discussions around WASH and behaviour, which stimulated some of the points addressed in
this article.

Disclosure statement

No potential conflict of interest was reported by the authors.

INTERNATIONAL JOURNAL OF ENVIRONMENTAL HEALTH RESEARCH 9



Funding

This work was carried out as part of the SAFEWATER project, supported by the Global Challenges Research Fund
(GCRF) UK Research and Innovation; EPSRC Grant Reference EP/P032427/1

References

Abdella NM, Tefera MA, Eredie AE, Landers TF, Malefia YD Alene KA. 2014. Hand hygiene compliance and
associated factors among health care providers in Gondar University Hospital, Gondar, North West Ethiopia.
BMC Public Health. 14(1):96.

Aboud FE, Singla DR. 2012. Challenges to changing health behaviours in developing countries: a critical overview.
Soc Sci Med. 75(4):589–594. doi:10.1016/j.socscimed.2012.04.009.

Ahmed M, Begum A.Chowdhury MAI. (2010). Social constraints before sanitation improvement in tea gardens of
Sylhet, Bangladesh. Environmental monitoring and assessment, 164(1–4):263–271.

Allegranzi B, Memish ZA., Donaldson L., Pittet D. Safety W. H. O. G. P., & on Religious, C. T. F. (2009). Religion and
culture: potential undercurrents influencing hand hygiene promotion in health care. American Journal of
Infection Control. 37(1):28–34.

Ashebir Y, Rai Sharma H, Alemu K, Kebede G. 2013. Latrine use among rural households in northern Ethiopia: a case
study in Hawzien district, Tigray. International Journal of Environmental Studies. 70(4):629–636.

Aunger R, Curtis V. 2016. Behaviour centred design: towards an applied science of behaviour change. Health Psychol
Rev. 10(4):425–446. doi:10.1080/17437199.2016.1219673.

Aunger R, Schmidt WP, Ranpura A, Coombes Y, Maina PM, Matiko CN, Curtis V. 2010. Three kinds of psycho-
logical determinants for hand-washing behaviour in Kenya. Soc Sci Med. 70(3):383–391.

Austin J, Carr JE. 2000. Handbook of applied behavior analysis. Reno (Nevada): Context Press.
BACB. 2018. About behavior analysis. behavior analyst certification board. accessed 2018 May 9, https://www.bacb.

com/about-behavior-analysis/
Banda K, Sarkar R, Gopal S, Govindarajan J, Harijan BB, Jeyakumar MB, . . . Balraj V. 2007. Water handling,

sanitation and defecation practices in rural southern India: a knowledge, attitudes and practices study. Trans
R Soc Trop Med Hyg. 101(11):1124–1130. doi:10.1016/j.trstmh.2007.05.004.

Bartram J, Cairncross S. 2010. Hygiene, sanitation, and water: forgotten foundations of health. PLoS Med. 7(11):
e1000367. doi:10.1371/journal.pmed.1000367.

Bassani DG, Arora P, Wazny K, Gaffey MF, Lenters L, Bhutta ZA. 2013. Financial incentives and coverage of child
health interventions: a systematic review and meta-analysis. BMC Public Health. 13(Suppl 3):S30. doi:10.1186/
1471-2458-13-S3-S30.

Baum WM. 2016. Understanding behaviorism: behavior, culture, and evolution (2nd ed.). Malden (MA): Blackwell.
Biran A, Jenkins MW, Dabrase P, Bhagwat I. 2011. Patterns and determinants of communal latrine usage in urban

poverty pockets in Bhopal, India. Tropical Medicine & International Health. 16(7):854–862.
Biran A, Schmidt W-P, Varadharajan KS, Rajaraman D, Kumar R, Greenland K, . . . Curtis V. 2014. Effect of a

behaviour-change intervention on handwashing with soap in India (SuperAmma): a cluster-randomised trial.
Lancet Glob Health. 2(3):e145–e154. doi:10.1016/S2214-109X(13)70160-8.

Briscoe C, Aboud F. 2012. Behaviour change communication targeting four health behaviours in developing
countries: a review of change techniques. Soc Sci Med. 75(4):612–621. doi:10.1016/J.SOCSCIMED.2012.03.016.

Brug J. 2008. Determinants of healthy eating: motivation, abilities and environmental opportunities. Fam Pract. 25
(Supplement 1):i50–i55. doi:10.1093/fampra/cmn063.

Cairncross S, Hunt C, Boisson S, Bostoen K, Curtis V, Fung IC, Schmidt W-P. 2010. Water, sanitation and hygiene
for the prevention of diarrhoea. Int J Epidemiol. 39(suppl_1):i193–i205. doi:10.1093/ije/dyq035.

Cairncross S, Shordt K, Zacharia S, Govindan BK. 2005. What causes sustainable changes in hygiene behaviour? A
cross-sectional study from Kerala, India. Soc Sci Med. 61(10):2212–2220. doi:10.1016/J.
SOCSCIMED.2005.04.019.

CDC, C. for D. C. and P. 2015. Sanitation & hygiene. accessed 2018 May 8, https://www.cdc.gov/healthywater/global/
sanitation/index.html

Chiesa M. 1994. Radical behaviorism: the philosophy and the science. Boston (MA, US): Authors Cooperative.
Retrieved from http://psycnet.apa.org/record/1994-97459-000

Clasen T. 2015. Household water treatment and safe storage to prevent diarrheal disease in developing countries.
Curr Environ Health Rep. 2(1):69–74. doi:10.1007/s40572-014-0033-9.

Clasen T, Schmidt W-P, Rabie T, Roberts I, Cairncross S. 2007. Interventions to improve water quality for preventing
diarrhoea: systematic review and meta-analysis. BMJ. 334(7597):782. doi:10.1136/bmj.39118.489931.BE.

Curtis V, Cairncross S. 2003. Effect of washing hands with soap on diarrhoea risk in the community: a systematic
review. Lancet Infect Dis. 3(5):275–281. doi:10.1016/S1473-3099(03)00606-6.

10 S. GINJA ET AL.

https://doi.org/10.1016/j.socscimed.2012.04.009
https://doi.org/10.1080/17437199.2016.1219673
https://www.bacb.com/about-behavior-analysis/
https://www.bacb.com/about-behavior-analysis/
https://doi.org/10.1016/j.trstmh.2007.05.004
https://doi.org/10.1371/journal.pmed.1000367
https://doi.org/10.1186/1471-2458-13-S3-S30
https://doi.org/10.1186/1471-2458-13-S3-S30
https://doi.org/10.1016/S2214-109X(13)70160-8
https://doi.org/10.1016/J.SOCSCIMED.2012.03.016
https://doi.org/10.1093/fampra/cmn063
https://doi.org/10.1093/ije/dyq035
https://doi.org/10.1016/J.SOCSCIMED.2005.04.019
https://doi.org/10.1016/J.SOCSCIMED.2005.04.019
https://www.cdc.gov/healthywater/global/sanitation/index.html
https://www.cdc.gov/healthywater/global/sanitation/index.html
http://psycnet.apa.org/record/1994-97459-000
https://doi.org/10.1007/s40572-014-0033-9
https://doi.org/10.1136/bmj.39118.489931.BE
https://doi.org/10.1016/S1473-3099(03)00606-6


Curtis VA, Danquah LO, Aunger RV. 2009. Planned, motivated and habitual hygiene behaviour: an eleven country
review. Health Education Research. 24(4):655–673.

Desai R, McFarlane C, Graham S. 2015. The politics of open defecation: informality, body, and infrastructure in
Mumbai. Antipode. 47(1):98–120.

Devine J. 2009. Introducing SaniFOAM : a framework to analyze sanitation behaviors to design effective sanitation
programs. [accessed 2018 Jun 13]. http://documents.worldbank.org/curated/en/272351468334778050/
Introducing-SaniFOAM-a-framework-to-analyze-sanitation-behaviors-to-design-effective-sanitation-programs

Dreibelbis R, Winch PJ, Leontsini E, Hulland KR, Ram PK, Unicomb L, Luby SP. 2013. The integrated behavioural
model for water, sanitation, and hygiene: a systematic review of behavioural models and a framework for
designing and evaluating behaviour change interventions in infrastructure-restricted settings. BMC Public
Health. 13(1):1015. doi:10.1186/1471-2458-13-1015.

Evans WD, Pattanayak SK, Young S, Buszin J, Rai S, Bihm JW. 2014. Social marketing of water and sanitation
products: a systematic review of peer-reviewed literature. Soc Sci Med. 110:18–25. doi:10.1016/J.
SOCSCIMED.2014.03.011

Fewtrell L, Kaufmann RB, Kay D, Enanoria W, Haller L, Colford JM. 2005. Water, sanitation, and hygiene
interventions to reduce diarrhoea in less developed countries: a systematic review and meta-analysis. Lancet
Infect Dis. 5(1):42–52. doi:10.1016/S1473-3099(04)01253-8.

Figueroa M. E, Kincaid D. L. 2010. Social, cultural and behavioral correlates of household water treatment and
storage. Center Publication HCI 2010-1: Health Communication Insights.

Freeman MC, Stocks ME, Cumming O, Jeandron A, Higgins JPT, Wolf J, . . . Curtis V. 2014. Systematic review:
hygiene and health: systematic review of handwashing practices worldwide and update of health effects. Trop Med
Int Health. 19(8):906–916. doi:10.1111/tmi.12339.

Gallagher SM, Keenan M. 2000. Independent use of activity materials by the elderly in a residential setting. J Appl
Behav Anal. 33(3):325–328. doi:10.1901/jaba.2000.33-325.

Garn JV, Sclar GD, Freeman MC, Penakalapati G, Alexander KT, Brooks P, . . . Clasen TF. 2017. The impact of
sanitation interventions on latrine coverage and latrine use: a systematic review and meta-analysis. Int J Hyg
Environ Health. 220(2):329–340. doi:10.1016/J.IJHEH.2016.10.001.

Ghaderi A. 2006. Does individualization matter? A randomized trial of standardized (focused) versus individualized
(broad) cognitive behavior therapy for bulimia nervosa. Behav Res Ther. 44(2):273–288. doi:10.1016/J.
BRAT.2005.02.004.

Giles EL, Robalino S, McColl E, Sniehotta FF, Adams J, Baradaran HR. 2014. The effectiveness of financial incentives
for health behaviour change: systematic review and meta-analysis. PLoS One. 9(3):e90347. doi:10.1371/journal.
pone.0090347.

Gilman RH, Skillicorn P. 1985. Boiling of drinking-water: can a fuel-scarce community afford it?. Bulletin of The
World Health Organization. 63(1):157.

Graf J, Meierhofer R. 2008. Water disinfection and hygiene behaviour in an urban slum in Kenya: impact on
childhood diarrhoea and influence of beliefs. International Journal of Environmental Health Research. 18(5):335–
355.

Guiteras R, Levinsohn J, Mobarak AM. 2015. Encouraging sanitation investment in the developing world: a cluster-
randomized trial. Science. 348(6237):903–906.

Haidong W, Naghavi M, Allen C, Barber RM, Murray CJL, GBD 2015, Mortality and Causes of Death Collaborators.
2016. Global, regional, and national life expectancy, all-cause mortality, and cause-specific mortality for 249 causes
of death, 1980-2015: a systematic analysis for the global burden of disease study 2015. Lancet. 388
(10053):1459–1544. doi:10.1016/S0140-6736(16)31012-1.

Hayes SC, Brownstein AJ, Zettle RD, Rosenfarb I, Korn Z. 1986. Rule-governed behavior and sensitivity to changing
consequences of responding. J Exp Anal Behav. 45(3):237–256. doi:10.1901/jeab.1986.45-237.

Hovell MF, Wahlgren DR, Gehrman CA. 2002. The behavioral ecological model. Emerging theories in health
promotion practice and research. Strategies for improving public health. [accessed 2018 May 14]. http://soh.
iums.ac.ir/uploads/emerging_theories.pdf#page=367

Hulland K, Martin N, Dreibelbis R, Debruicker J, Winch VP. 2015. What factors affect sustained adoption of safe
water, hygiene and sanitation technologies? A systematic review of literature. [accessed 2018 May 16]. https://
www.researchgate.net/profile/Robert_Dreibelbis/publication/289537011_What_factors_affect_sustained_adop
tion_of_safe_water_hygiene_and_sanitation_technologies_A_systematic_review_of_literature/links/
568fcb4c08aed0aed810b6b7/What-factors-affect-sustained-adoption-of-safe-water-hygiene-and-sanitation-
technologies-A-systematic-review-of-literature.pdf

Hussam R, Rabbani A, Reggiani G, Rigol N. 2017. Habit formation and rational addiction: a field experiment in
handwashing. SSRN Electron J. doi:10.2139/ssrn.3040729

Inauen J, Hossain MM, Johnston RB, Mosler H-J, States JC. 2013. Acceptance and use of eight arsenic-safe drinking
water options in Bangladesh. PLoS One. 8(1):e53640. doi:10.1371/journal.pone.0053640.

Jenkins MW, Curtis V. 2005. Achieving the ‘good life’: why some people want latrines in rural benin. Soc Sci Med. 61
(11):2446–2459.

INTERNATIONAL JOURNAL OF ENVIRONMENTAL HEALTH RESEARCH 11

http://documents.worldbank.org/curated/en/272351468334778050/Introducing-SaniFOAM-a-framework-to-analyze-sanitation-behaviors-to-design-effective-sanitation-programs
http://documents.worldbank.org/curated/en/272351468334778050/Introducing-SaniFOAM-a-framework-to-analyze-sanitation-behaviors-to-design-effective-sanitation-programs
https://doi.org/10.1186/1471-2458-13-1015
https://doi.org/10.1016/J.SOCSCIMED.2014.03.011
https://doi.org/10.1016/J.SOCSCIMED.2014.03.011
https://doi.org/10.1016/S1473-3099(04)01253-8
https://doi.org/10.1111/tmi.12339
https://doi.org/10.1901/jaba.2000.33-325
https://doi.org/10.1016/J.IJHEH.2016.10.001
https://doi.org/10.1016/J.BRAT.2005.02.004
https://doi.org/10.1016/J.BRAT.2005.02.004
https://doi.org/10.1371/journal.pone.0090347
https://doi.org/10.1371/journal.pone.0090347
https://doi.org/10.1016/S0140-6736(16)31012-1
https://doi.org/10.1901/jeab.1986.45-237
http://soh.iums.ac.ir/uploads/emerging_theories.pdf#page=367
http://soh.iums.ac.ir/uploads/emerging_theories.pdf#page=367
https://www.researchgate.net/profile/Robert_Dreibelbis/publication/289537011_What_factors_affect_sustained_adoption_of_safe_water_hygiene_and_sanitation_technologies_A_systematic_review_of_literature/links/568fcb4c08aed0aed810b6b7/What-factors-affect-sustained-adoption-of-safe-water-hygiene-and-sanitation-technologies-A-systematic-review-of-literature.pdf
https://www.researchgate.net/profile/Robert_Dreibelbis/publication/289537011_What_factors_affect_sustained_adoption_of_safe_water_hygiene_and_sanitation_technologies_A_systematic_review_of_literature/links/568fcb4c08aed0aed810b6b7/What-factors-affect-sustained-adoption-of-safe-water-hygiene-and-sanitation-technologies-A-systematic-review-of-literature.pdf
https://www.researchgate.net/profile/Robert_Dreibelbis/publication/289537011_What_factors_affect_sustained_adoption_of_safe_water_hygiene_and_sanitation_technologies_A_systematic_review_of_literature/links/568fcb4c08aed0aed810b6b7/What-factors-affect-sustained-adoption-of-safe-water-hygiene-and-sanitation-technologies-A-systematic-review-of-literature.pdf
https://www.researchgate.net/profile/Robert_Dreibelbis/publication/289537011_What_factors_affect_sustained_adoption_of_safe_water_hygiene_and_sanitation_technologies_A_systematic_review_of_literature/links/568fcb4c08aed0aed810b6b7/What-factors-affect-sustained-adoption-of-safe-water-hygiene-and-sanitation-technologies-A-systematic-review-of-literature.pdf
https://www.researchgate.net/profile/Robert_Dreibelbis/publication/289537011_What_factors_affect_sustained_adoption_of_safe_water_hygiene_and_sanitation_technologies_A_systematic_review_of_literature/links/568fcb4c08aed0aed810b6b7/What-factors-affect-sustained-adoption-of-safe-water-hygiene-and-sanitation-technologies-A-systematic-review-of-literature.pdf
https://doi.org/10.2139/ssrn.3040729
https://doi.org/10.1371/journal.pone.0053640


Jenkins MW, Scott B. 2007. Behavioral indicators of household decision-making and demand for sanitation and
potential gains from social marketing in Ghana. Soc Sci Med. 64(12):2427–2442.

Jenner EA, Fletcher BC, Watson P, Jones FA, Miller L, Scott GM. 2006. Discrepancy between self-reported and
observed hand hygiene behaviour in healthcare professionals. J Hosp Infect. 63(4):418–422. doi:10.1016/j.
jhin.2006.03.012.

Kazdin AE. 1982. The token economy: a decade later. J Appl Behav Anal. 15(3):431–445. doi:10.1901/jaba.1982.15-
431.

Khan HAA, Akram W, Shad SA, Razaq M, Naeem-Ullah U, Zia K. 2013. A cross sectional survey of knowledge,
attitude and practices related to house flies among dairy farmers in Punjab, Pakistan. J Ethnobiol Ethnomed. 9
(1):18. doi:10.1186/1746-4269-9-18.

Khanna T, Das M. 2016. Why gender matters in the solution towards safe sanitation? Reflections from rural India.
Glob Public Health. 11(10):1185–1201. doi:10.1080/17441692.2015.1062905.

Kwasnicka D, Dombrowski SU, White M, Sniehotta F. 2016. Theoretical explanations for maintenance of behaviour
change: a systematic review of behaviour theories. Health Psychol Rev. 10(3):277–296. doi:10.1080/
17437199.2016.1151372.

Kwiringira J, Atekyereza P, Niwagaba C, Günther I. 2014. Descending the sanitation ladder in urban Uganda:
evidence from Kampala Slums. BMC Public Health. 14(1):624.

Lewis HE, Greenland K, Curtis V, Schmidt W-P. 2018. Effect of a school-based hygiene behavior change Campaign
on handwashing with soap in Bihar, India: cluster-randomized trial. Am J Trop Med Hyg. 99(4):924–933.
doi:10.4269/ajtmh.18-0187.

Lilje J, Mosler H-J. 2017. Socio-psychological determinants for safe drinking water consumption behaviors: a
multi-country review. J Water Sanit Hyg Dev. 7(1):13–24. doi:10.2166/washdev.2017.080.

Lilje J, Mosler H-J. 2018. Effects of a behavior change campaign on household drinking water disinfection in the Lake
Chad basin using the RANAS approach. Sci Total Environ. 619–620:1599–1607. doi:10.1016/J.
SCITOTENV.2017.10.142

Luby SP, Kadir MA, Yushuf Sharker MA, Yeasmin F, Unicomb L, Sirajul Islam M. 2010. A community-randomised
controlled trial promoting waterless hand sanitizer and handwashing with soap, Dhaka, Bangladesh. Trop Med
Int Health. 15(12):1508–1516. doi:10.1111/j.1365-3156.2010.02648.x.

Martin NA, Hulland KRS, Dreibelbis R, Sultana F, Winch PJ. 2018. Sustained adoption of water, sanitation and
hygiene interventions: systematic review. Trop Med Int Health. 23(2):122–135. doi:10.1111/tmi.13011.

McFarlane C, Desai R, Graham S. 2014. Informal urban sanitation: everyday life, poverty, and comparison. Annals of
the Association of American Geographers. 104(5):989–1011.

McLennan J. 2000. To boil or not: drinking water for children in a periurban barrio. Soc Sci Med. 51(8):1211–1220.
doi:10.1016/S0277-9536(00)00038-1.

Meredith SE, Jarvis BP, Raiff BR, Rojewski AM, Kurti A, Cassidy RN, . . . Dallery J. 2014. The ABCs of incentive-based
treatment in health care: a behavior analytic framework to inform research and practice. Psychol Res Behav
Manag. 7:103–114. doi:10.2147/PRBM.S59792

Mintz E, Bartram J, Lochery P, Wegelin M. 2001. Not just a drop in the bucket: expanding access to point-of-use
water treatment systems. American Journal of Public Health. 91(10):1565–1570.

Moore J. 2016. From a behavioral point of view: a psychological primer. Cornwall on the Hudson (NY): Sloan
Publishing.

Mosler HJ, Blöchliger O. RInauen J. 2010. Personal, social, and situational factors influencing the consumption of
drinking water from arsenic-safe deep tube wells in Bangladesh. Journal of Environmental Management. 91
(6):1316–1323.

Mosler H-J. 2012. A systematic approach to behavior change interventions for the water and sanitation sector in
developing countries: a conceptual model, a review, and a guideline. Int J Environ Health Res. 22(5):960–3123.
doi:10.1080/09603123.2011.650156.

Nagata JM, Valeggia CR, Smith NW, Barg FK, Guidera M, Bream KD. 2011. Criticisms of chlorination: social
determinants of drinking water beliefs and practices among the Tz'utujil maya. Revista Panamericana De Salud
Pública. 29:09–16.

Neal D, Brauer Y, Coombes C, Kullmann R, Dreibelbis F, Gino S, . . . Vohs VV (2016). Nudging and habit change for
open defecation: new tactics from behavioral science. Rachel Burns Ph.D. (Catalyst). Retrieved from http://www.
communityledtotalsanitation.org/sites/communityledtotalsanitation.org/files/OD_Habit_Nudging.pdf

Ngai TK, Shrestha RR, Dangol B, Maharjan M, Murcott SE. 2007. Design for sustainable development—household
drinking water filter for arsenic and pathogen treatment in Nepal. Journal of Environmental Science and Health.
Part a. 42(12):1879–1888.

Ngure FM, Humphrey JH, Mbuya MNN, Majo F, Mutasa K, Govha M, . . . Stoltzfus RJ. 2013. Formative research on
hygiene behaviors and geophagy among infants and young children and implications of exposure to fecal bacteria.
Am J Trop Med Hyg. 89(4):709. doi:10.4269/AJTMH.12-0568.

O’Reilly K, Louis E. 2014. The toilet tripod: understanding successful sanitation in rural India. Health & Place. 29:43–
51.

12 S. GINJA ET AL.

https://doi.org/10.1016/j.jhin.2006.03.012
https://doi.org/10.1016/j.jhin.2006.03.012
https://doi.org/10.1901/jaba.1982.15-431
https://doi.org/10.1901/jaba.1982.15-431
https://doi.org/10.1186/1746-4269-9-18
https://doi.org/10.1080/17441692.2015.1062905
https://doi.org/10.1080/17437199.2016.1151372
https://doi.org/10.1080/17437199.2016.1151372
https://doi.org/10.4269/ajtmh.18-0187
https://doi.org/10.2166/washdev.2017.080
https://doi.org/10.1016/J.SCITOTENV.2017.10.142
https://doi.org/10.1016/J.SCITOTENV.2017.10.142
https://doi.org/10.1111/j.1365-3156.2010.02648.x
https://doi.org/10.1111/tmi.13011
https://doi.org/10.1016/S0277-9536(00)00038-1
https://doi.org/10.2147/PRBM.S59792
https://doi.org/10.1080/09603123.2011.650156
http://www.communityledtotalsanitation.org/sites/communityledtotalsanitation.org/files/OD_Habit_Nudging.pdf
http://www.communityledtotalsanitation.org/sites/communityledtotalsanitation.org/files/OD_Habit_Nudging.pdf
https://doi.org/10.4269/AJTMH.12-0568


Oswald WE, Lescano AG, Bern C, Calderon MM, Cabrera L, Gilman RH. 2007. Fecal contamination of drinking
water within peri-urban households, Lima, Peru. Am J Trop Med Hyg. 77(4):699–704.

Paredes P, de la Peña M, Flores-Guerra E, Diaz J, Trostle J. 1996. Factors influencing physicians’ prescribing
behaviour in the treatment of childhood diarrhoea: knowledge may not be the clue. Soc Sci Med. 42
(8):1141–1153. doi:10.1016/0277-9536(95)00387-8.

Parker Fiebelkorn A, Person B, Quick RE, Vindigni SM, Jhung M, Bowen A, Riley PL. 2012. Systematic review of
behavior change research on point-of-use water treatment interventions in countries categorized as low- to
medium-development on the human development index. Soc Sci Med. 75(4):622–633. doi:10.1016/J.
SOCSCIMED.2012.02.011.

Pfadenhauer L, Rehfuess E. 2015. Towards effective and socio-culturally appropriate sanitation and hygiene inter-
ventions in the Philippines: a mixed method approach. International Journal Of Environmental Research and
Public Health. 12(2):1902–1927.

Pierce WD, Cheney CD. 2013. Behavior analysis and learning. 5th ed. New York and London: Psychology Press.
Prüss-Ustün A, Bartram J, Clasen T, Colford JM, Cumming O, Curtis V, . . . Cairncross S. 2014. Burden of disease

from inadequate water, sanitation and hygiene in low- and middle-income settings: a retrospective analysis of data
from 145 countries. Trop Med Int Health. 19(8):894–905. doi:10.1111/tmi.12329.

Rabbi SE, Dey NC. 2013. Exploring the gap between hand washing knowledge and practices in Bangladesh: a
cross-sectional comparative study. BMC Public Health. 13(1):89. doi:10.1186/1471-2458-13-89.

Rainey RC, Harding AK. 2006. Acceptability of solar disinfection of drinking water treatment in Kathmandu Valley,
Nepal. Int J Environ Health Res. 15(5):960–3123. doi:10.1080/09603120500289168.

Ram PK, Halder AK, Granger SP, Jones T, Hall P, Hitchcock D, . . . Luby SP. 2010. Is structured observation a valid
technique to measure handwashing behavior? Use of acceleration sensors embedded in soap to assess reactivity to
structured observation. Am J Trop Med Hyg. 83(5):1070–1076. doi:10.4269/ajtmh.2010.09-0763.

Reller ME., Mendoza CE., Lopez MB., Alvarez M., Hoekstra RM., Olson CA, , ... Luby SP. 2003. A randomized
controlled trial of household-based flocculant-disinfectant drinking water treatment for diarrhea prevention in
rural Guatemala. Am J Trop Med Hyg. 69(4):411–419.

Rickerson T. 2013. Evaluation of multiple treatments to impact hand washing in a human service organization
[Graduate Theses and Dissertations]. [accessed 2018 Oct 25]. https://scholarcommons.usf.edu/etd/4755

Ritter TL, Lopez ED, Goldberger R, Dobson J, Hickel K, Smith J, ... Bersamin A. 2014. Consuming untreated water in
four Southwestern Alaska native communities: reasons revealed and recommendations for change. Journal of
Environmental Health. 77(5):8–13.

Rosen L, Zucker D, Brody D, Engelhard D, Manor O. 2009. The effect of a handwashing intervention on preschool
educator beliefs, attitudes, knowledge and self-efficacy. Health Educ Res. 24(4):686–698. doi:10.1093/her/cyp004.

Routray P, Schmidt WP, Boisson S, Clasen T, Jenkins MW. 2015. Socio-cultural and behavioural factors constraining
latrine adoption in rural coastal Odisha: an exploratory qualitative study. BMC Public Health. 15(1):880.

Sample ED, Evans BE, Camargo-Valero MA, Wright NG, Leton TG. 2016. Understanding the drivers of sanitation
behaviour in riverine communities of Niger Delta. Nigeria: The case of Odi and Kaiama Communities. Journal of
Water, Sanitation and Hygiene for Development. 6(3):491–499.

Schneider SM. 2012. The science of consequences : how they affect genes, change the brain, and impact our world.
New York (New York, USA): Prometheus Books. Retrieved from https://books.google.co.uk/books?hl=en&id=
4tA6OIebozMC&oi=fnd&pg=PT13&dq=Schneider,+S.+M.+(2012).+The+science+of+consequences:+How+they
+affect+genes,+change+the+brain,+and+impact+our+world.+New+York:+Prometheus+Books.&ots=
PhQz3RLoSE&sig=81DHqjpLy7HHpd

Scott B, Curtis V, Rabie T, Garbrah-Aidoo N. 2007. Health in our hands, but not in our heads: understanding hygiene
motivation in Ghana. Health Policy and Planning. 22(4):225–233.

Seimetz E, Slekiene J, Friedrich MND, Mosler H-J. 2017. Identifying behavioural determinants for interventions to
increase handwashing practices among primary school children in rural Burundi and urban Zimbabwe. BMC Res
Notes. 10(1):280. doi:10.1186/s13104-017-2599-4.

SEUF. 2004. Sustaining changes in hygiene behaviour: a multi country research: findings from Kerala study
2001-2004. The Hague. [accessed 2018 Nov 15]. https://www.ircwash.org/sites/default/files/822-INKE04-18343.
pdf

Shaheed A, Orgill J, Ratana C, Montgomery MA, Jeuland MA, Brown J. 2014. Water quality risks of ‘improved’ water
sources: evidence from Cambodia. Tropical Medicine & International Health. 19(2):186–194.

Skinner BF. 1953. Science and human behavior. New York: Simon and Schuster.
Skinner BF. 1984. An operant analysis of problem solving. Behav Brain Sci. 7(4):583. doi:10.1017/

S0140525X00027412.
Smiddy MP, O'Connell R, Creedon SA. 2015. Systematic qualitative literature review of health care workers'

compliance with hand hygiene guidelines. American Journal Of Infection Control. 43(3):269–274.
Sobsey MD, Stauber CE, Casanova LM, Brown JM, Elliott MA. 2008. Point of use household drinking water filtration:

a practical, effective solution for providing sustained access to safe drinking water in the developing world.
Environmental Science & Technology. 42(12):4261–4267.

INTERNATIONAL JOURNAL OF ENVIRONMENTAL HEALTH RESEARCH 13

https://doi.org/10.1016/0277-9536(95)00387-8
https://doi.org/10.1016/J.SOCSCIMED.2012.02.011
https://doi.org/10.1016/J.SOCSCIMED.2012.02.011
https://doi.org/10.1111/tmi.12329
https://doi.org/10.1186/1471-2458-13-89
https://doi.org/10.1080/09603120500289168
https://doi.org/10.4269/ajtmh.2010.09-0763
https://scholarcommons.usf.edu/etd/4755
https://doi.org/10.1093/her/cyp004
https://books.google.co.uk/books?hl=en%200E%26id=4tA6OIebozMC%26oi=fnd%26pg=PT13%26dq=Schneider,+S.+M.+(2012).+The+science+of+consequences:+How+they+affect+genes,+change+the+brain,+and+impact+our+world.+New+York:+Prometheus+Books.%26ots=PhQz3RLoSE%26sig=81DHqjpLy7HHpd
https://books.google.co.uk/books?hl=en%200E%26id=4tA6OIebozMC%26oi=fnd%26pg=PT13%26dq=Schneider,+S.+M.+(2012).+The+science+of+consequences:+How+they+affect+genes,+change+the+brain,+and+impact+our+world.+New+York:+Prometheus+Books.%26ots=PhQz3RLoSE%26sig=81DHqjpLy7HHpd
https://books.google.co.uk/books?hl=en%200E%26id=4tA6OIebozMC%26oi=fnd%26pg=PT13%26dq=Schneider,+S.+M.+(2012).+The+science+of+consequences:+How+they+affect+genes,+change+the+brain,+and+impact+our+world.+New+York:+Prometheus+Books.%26ots=PhQz3RLoSE%26sig=81DHqjpLy7HHpd
https://books.google.co.uk/books?hl=en%200E%26id=4tA6OIebozMC%26oi=fnd%26pg=PT13%26dq=Schneider,+S.+M.+(2012).+The+science+of+consequences:+How+they+affect+genes,+change+the+brain,+and+impact+our+world.+New+York:+Prometheus+Books.%26ots=PhQz3RLoSE%26sig=81DHqjpLy7HHpd
https://doi.org/10.1186/s13104-017-2599-4
https://www.ircwash.org/sites/default/files/822-INKE04-18343.pdf
https://www.ircwash.org/sites/default/files/822-INKE04-18343.pdf
https://doi.org/10.1017/S0140525X00027412
https://doi.org/10.1017/S0140525X00027412


Stocker A, Mosler H-J. 2015. Contextual and sociopsychological factors in predicting habitual cleaning of water
storage containers in rural Benin. Water Resour Res. 51(4):2000–2008. doi:10.1002/2014WR016005.

Stopnitzky Y. 2017. No toilet no bride? intrahousehold bargaining in male-skewed marriage markets in india. Journal
of Development Economics. 127:269–282.

Tamas A, Tobias R, Mosler H-J. 2009. Promotion of solar water disinfection: comparing the effectiveness of different
strategies in a longitudinal field study in bolivia. Health Commun. 24(8):711–722. doi:10.1080/
10410230903264022.

Thevos AK, Quick RE, Yanduli V. 2000. Motivational interviewing enhances the adoption of water disinfection
practices in Zambia. Health Promot Int. 15(3):207–214. doi:10.1093/heapro/15.3.207.

Tilley E. 2015. Acceptance, impact and feasibility of incentives for increasing toilet use A case study in Ethekwini,
South Africa. doi:10.3929/ethz-a-010419366.

Trinies V, Freeman MC, Hennink M, Clasen T. 2011. The role of social networks on the uptake of household water
filters by women in self-help groups in rural India. Journal of Water, Sanitation and Hygiene for Development. 1
(4):224–232.

Troeger C, Forouzanfar M, Rao PC, Khalil I, Brown A, Mokdad AH, GBD, Diarrhoeal Diseases Collaborators. 2017.
Estimates of global, regional, and national morbidity, mortality, and aetiologies of diarrhoeal diseases: a systematic
analysis for the global burden of disease study 2015. Lancet Infect Dis. 17(9):909–948. doi:10.1016/S1473-3099(17)
30276-1.

UmM-J, Kwak S-J, Tai-Yoo K. 2002. Estimating willingness to pay for improved drinking water quality. Environ Res
Econ. 21(3): 285–300. Retrieved from. https://search.proquest.com/docview/220863428?pq-origsite=gscholar

Van Halem D, Van der Laan H, Heijman SGJ, Van Dijk JC, Amy GL. 2009. Assessing the sustainability of the silver-
impregnated ceramic pot filter for low-cost household drinking water treatment. Physics and Chemistry of the
Earth. Parts A/b/c. 34(1–2):36–42.

VásquezWF, Mozumder P, Hernandez-Arce J, Berrens RP. 2009. Willingness to pay for safe drinking water: evidence
from Parral, Mexico. Journal of Environmental Management. 90(11):3391–3400.

Vivas AP, Gelaye B, Aboset N, Kumie A, Berhane Y, Williams MA. 2010. Knowledge, attitudes and practices (KAP)
of hygiene among school children in Angolela, Ethiopia. J Prev Med Hyg. 51(2):73–79. Retrieved from: http://
www.ncbi.nlm.nih.gov/pubmed/21155409

Waddington H, Snilstveit B. 2009. Effectiveness and sustainability of water, sanitation, and hygiene interventions in
combating diarrhoea. J Dev Effect. 1(3):295–335. doi:10.1080/19439340903141175.

Wanigasuriya KP, Peiris-John RJ, Wickremasinghe R, Hittarage A. 2007. Chronic renal failure in north central
province of Sri Lanka: an environmentally induced disease. Transactions of the Royal Society of Tropical Medicine
and Hygiene. 101(10):1013–1017.

Watson J, Dreibelbis R, Aunger R, Deola C, King K, Long S, . . . Cumming O. 2018. Child’s play: harnessing play and
curiosity motives to improve child handwashing in a humanitarian setting. Int J Hyg Environ Health. doi:10.1016/
J.IJHEH.2018.09.002

Whitby M, McLaws ML, Ross MW. 2006. Why healthcare workers don't wash their hands: a behavioral explanation.
Infection Control & Hospital Epidemiology. 27(5):484–492.

WHO. 2015. Improving nutrition outcomes with better water, sanitation and hygiene: practical solutions for policies
and programme. Geneva.

WHO, & U. 2017. Progress on drinking water, sanitation and hygiene. [accessed 2018 Nov 22]. http://www.wipo.int/
amc/en/mediation/rules

Wood S, Foster J, Kols A. 2012. Understanding why women adopt and sustain home water treatment: insights from
the Malawi antenatal care program. Social Science & Medicine. 75(4):634-642.

14 S. GINJA ET AL.

https://doi.org/10.1002/2014WR016005
https://doi.org/10.1080/10410230903264022
https://doi.org/10.1080/10410230903264022
https://doi.org/10.1093/heapro/15.3.207
https://doi.org/10.3929/ethz-a-010419366
https://doi.org/10.1016/S1473-3099(17)30276-1
https://doi.org/10.1016/S1473-3099(17)30276-1
https://search.proquest.com/docview/220863428?pq-origsite=gscholar
http://www.ncbi.nlm.nih.gov/pubmed/21155409
http://www.ncbi.nlm.nih.gov/pubmed/21155409
https://doi.org/10.1080/19439340903141175
https://doi.org/10.1016/J.IJHEH.2018.09.002
https://doi.org/10.1016/J.IJHEH.2018.09.002
http://www.wipo.int/amc/en/mediation/rules
http://www.wipo.int/amc/en/mediation/rules

	Abstract
	Background
	Existing formulations of WASH behaviours
	Practical value of existing WASH formulations
	An alternative approach
	Identifying contingencies of reinforcement
	Consequence-based interventions

	Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	References



