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Abstract
Objective: To determine the impact of environmental nudges on handwashing behaviors among
primary school children as compared to a high-intensity hygiene education intervention.
Methods: In a cluster-randomized trial (CRT), we compared the rates of handwashing with soap
(HWWS) after a toileting event among primary school students in rural Bangladesh. Eligible schools
(government run, on-site sanitation and water, no hygiene interventions in last year, fewer than 450
students) were identified and 20 schools were randomly selected and allocated without blinding to
one of four interventions, five schools per group: simultaneous handwashing infrastructure and
nudge construction, sequential infrastructure then nudge construction, simultaneous infrastructure
and high-intensity hygiene education (HE) and sequential handwashing infrastructure and HE. The
primary outcome, incidence of HWWS after a toileting event, was compared between the intervention groups at different data collection points with robust-Poisson regression analysis with generalized estimating equations, adjusting for school-level clustering of outcomes.
Results: The nudge intervention and the HE intervention were found to be equally effective at sustained impact over 5 months post-intervention (adjusted IRR 0.81, 95% CI 0.61 – 1.09). When comparing intervention delivery timing, the simultaneous delivery of the HE intervention significantly
outperformed the sequential HE delivery (adjusted IRR 1.58 CI 1.20 – 2.08), whereas no significant
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difference was observed between sequential and simultaneous nudge intervention delivery (adjusted IRR 0.75, 95% CI 0.48 - 1.17).
Conclusion: Our trial demonstrates sustained improved handwashing behavior 5 months after the
nudge intervention. The nudge intervention’s comparable performance to a high-intensity hygiene
education intervention is encouraging.
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Introduction
Gastrointestinal and respiratory infections are major cause of absenteeism and morbidity among
school-aged children (1-5). School-aged children tend to be particularly susceptible to such infections due to high levels of social contact, immature immune systems, and poor hand and food hygiene (6-8). Morbidity and absenteeism in schools have a range of ill effects, including lower academic performance and negative social and occupational outcomes among students (9-12), absenteeism and decreased productivity in teachers (13, 14), and the possibility of spread of infection at
the household and community-level (15-18). While improving handwashing behaviors in schools can
lead to fewer absences and illness among both school-aged children and their immediate families (2,
3, 13, 19-21), fostering and sustaining hand hygiene improvements in schools has proven difficult.
Time and labor requirements and competing priorities in the classroom impede the feasibility and
acceptability of hygiene promotion interventions in schools (22). Lack of sustained maintenance and
funding limits the ability to bring school-based hygiene interventions to scale (23-26). Education- and
knowledge-based messaging, the traditional focus of school-based handwashing interventions, are
not consistently associated with measurable improvements in hygiene practices and may not be sufficient for producing substantial handwashing behavior change (27-32). There are noted issues with
ensuring fidelity of school-based handwashing interventions (33, 34) with measuring effect on health
and behavioral outcomes (35).
Nudge theory has gained attention in recent years as a means of altering behavioral outcomes
in a predictable way (36) while bypassing traditional messaging strategies. Nudges focus on the
“choice architecture” surrounding a given behavior, aiming to alter the context in which a behavior
occurs rather than the conscious decision-making process related to the behavior (37). Nudges target automatic processes that may be more effective in promoting behavior change than conscious
reflection and informed, knowledge-based decision-making (38). There are a variety of nudges, from
policy programs to opt-out retirement policies to simple changes to the physical environment that
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cue or prompt a specific behavioral outcome. For the purposes of this study we focus on these environmental nudges that serve as a cue or trigger to an intended action. Though nudge research has
primarily focused on high-income countries, the successful applications of environmental nudges to
health behaviors is encouraging, with topics ranging from the promotion of healthy food choices (39,
40), reducing teen pregnancy (41), promoting stair-use and walking (42, 43) and reducing energy
consumption and carbon emissions (44-46). In low- and middle-income countries, environmental
cues intended to trigger specific health behaviors have been tested in combination with messaging
and promotional strategies, such as “kitchen makeovers” consisting of eye-level decorations in celebration of new food hygiene behaviors combined with motivational and knowledge-based messaging in Nepal (47). However, few studies have attempted to isolate the effect of nudges on behaviors.
In Bangladesh, efforts in the last decade to expand sanitation and hygiene interventions in
schools typify many of the challenges with large-scale school WASH programs. In 2011, the government of Bangladesh adopted national standards for WASH in schools, though concern was raised
shortly after regarding the establishment of clear implementation strategies (48). The government of
Bangladesh published the “National Hygiene Promotion Strategy” in 2012 to layout current and future approaches to improving water supply, sanitation infrastructure and hygiene at the national,
regional and community levels (49). The government’s “Better Health Better Education” guidelines
outline budgetary allocation needs, actions required by key agencies and organizations, and general
strategies for improving hygiene education and sanitation facilities in primary and secondary schools
(49). Despite these efforts, a 2014 national survey of schools found that only about a third of school
children appeared to have clean hands, and just over a quarter washed both hands with soap when
demonstrating handwashing (50), indicating continued room for improvements in handwashing behaviors in schools.
In 2014, we assessed the feasibility of a nudge-based intervention to improve handwashing behaviors after toilet use among primary school-aged children in a proof-of-concept study in rural
Bangladesh (51). In brief, two rural primary schools in Bangladesh received a common set of infrastructural improvements (handwashing stations) supplemented with environmental nudges. The
nudges consisted of paved pathways, painted bright colors, connecting latrines to handwashing stations and shoeprints and handprints on infrastructure. No other hygiene promotion activities were
included as part of the intervention. Structured observations identified a 14- and 64- percentage
point increase in HWWS after toileting events following infrastructure improvements and construction of nudges, respectively. Total cost for the nudge intervention was $161 per school, compared to
an estimated $206 per school for high-intensity hygiene education programs.
The study suggested that nudges are a potential cost-effective approach to improving hand hy-
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giene in primary schools. By focusing on infrastructure changes, nudges also have the potential to
overcome many of the limitations related to consistent intervention delivery associated with messaging strategies. The proof-of-concept study, however, was limited to two schools and did not include a comparison group; we only observed changes in behavior over a two-month period. In order
to address these data gaps, we implemented a cluster-randomized trial of multiple handwashing interventions in 20 primary schools in rural Bangladesh. In this trial, our primary objective was to compare the behavioral impact of nudges against a four-week high-intensity hand hygiene education
program and assess the impact on behavioral outcomes over a 5-month period. As secondary objectives, we also aimed to assess the impact of infrastructure improvements alone, and the impact of
the timing of intervention delivery on handwashing after a toileting event.

Methods
Setting and selection
A list of 30 eligible schools in the Dhunat Upazila of the Bogra District in the Division of Rajshahi,
Bangladesh was compiled by Save the Children. Eligibility was assessed using the following inclusion
criteria: government-run primary school with no hygiene education programs in the last two years;
no handwashing facilities on school grounds; improved outdoor sanitation/toilet facilities (latrines)
on the school grounds that permit unobtrusively using a hidden camera; water supply on site or
within 3-6 meters of the school; a co-ed school population of 125-450 students; and willingness of
the school principal/head teacher and a representative of the School Management Committee
(SMC) to participate in the proposed research. Details of school selection and enrollment are given
in Figure 1.

Study design, sample size and randomization
We used a cluster-randomized trial (CRT) design to compare the rates of handwashing with soap
(HWWS) after toileting among students in schools receiving environmental nudges to the rates of
HWWS after toileting among children in schools receiving a hygiene education program (Trial registration: NCT02703974). In this design, each school served as a cluster and randomization, allocation
and implementation occurred at the cluster level. To estimate the sample size, we assumed an average of 80 toileting events per school per day and an ICC value of 0.0021 (based on pilot data), resulting in a minimum detectable effect of 4-7% difference in HWWS between two arms of 10 schools
each, using a two-tailed hypothesis test at alpha = 0.05 and power of 0.8.
Of the 30 eligible schools, 20 were randomly selected for inclusion using a random number generator in Microsoft Excel.
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Intervention allocation and description
Schools were randomly allocated to receive one of four possible interventions (Figure 2) at the time
of random selection. Randomization was assessed for balance between arms on enrollment size and
was repeated until balance was achieved. All schools received infrastructure improvements as part
of the study, specifically improved handwashing stations. Stations consisted of a raised concrete
platform constructed near school latrines and a larger (100 L) container with a tap.
To assess the impact of infrastructure improvements alone in the absence of any additional activities, half (10) of the schools received the handwashing station before any other intervention activity (sequential interventions) and half (10) received these infrastructure improvements when additional intervention components were introduced (simultaneous interventions) (Figure 2). In addition to the handwashing station, schools were randomly allocated to an environmental nudge intervention or an intensive hygiene education intervention, the primary two intervention allocations, in
order to compare their impact on behaviors. Half of all schools – 5 schools from the simultaneous intervention group and 5 schools from the sequential intervention group – were randomly selected to
receive a package of environmental nudges.
Nudges included a paved path connecting latrines to the handwashing facility; a painted
handwashing station with handprints and a dedicated location for soap, and painted shoeprints and
arrows leading from the latrine to the handwashing station (Figure 3). The remaining 10 schools received four 30 – 45 minute HE sessions, delivered once per week over the course of 4 weeks. Materials were adapted from a hygiene education package developed by Save the Children in Afghanistan. Hygiene education covered the following topics: the importance of handwashing; how to wash
your hands; when to wash hands; and improving hand hygiene in schools, family and villages. Students were asked to make commitments on handwashing at the end of each session (Details on the
HE intervention are provided in Supplemental Table 3). This resulted in four intervention groups of 5
schools each: sequential nudges, simultaneous nudges, sequential HE, and simultaneous HE.
The primary goal of this analysis was to compare behavioral impacts between nudge and HE
schools, and this is considered the primary intervention allocation - both sequential and simultaneous intervention groups are pooled in the primary analysis. Secondary analyses included (a) assessing the impact of infrastructure improvements alone and (b), assessing the impact of timing
within intervention groups by comparing the 5 sequential nudges to simultaneous nudges, and the 5
sequential HE schools to the 5 simultaneous HE schools.
Due to the physical presence of the nudge intervention and the need to schedule the HE intervention into regular class time, neither allocation concealment nor blinding were possible in this

This article is protected by copyright. All rights reserved.

Accepted Article

study. Selection and randomization occurred prior to baseline data collection, however schools were
not notified of their intervention allocation until after baseline data collection.

Data collection, quality control, and ethical considerations
The primary outcome for the trial was HWWS following toilet use events. Observations of toilet use
and handwashing were performed with video cameras (Super Circuits Covert Hidden Outdoor Electrical Box Spy Camera with Built-in DVR Recorder) disguised as electrical boxes, a collection method
adapted from Pickering et al., 2014 (52). With the approval of the local education office and the
school principal, cameras were mounted outside of school latrines to capture children entering and
exiting the latrines and transit by the handwashing station. In using cameras for data collection, we
aimed to reduce bias introduced by reactivity to the presence of an observer, however, structured
observations by a human observer were used in schools prior to the construction of handwashing
stations in cases where both latrines and existing water sources that students traditionally used to
wash hands were not within the camera viewing area. Each school was provided with bar soap to be
kept at the tubewell or most likely handwashing location at the start of baseline observations.
Data were collected in six rounds; each round consisted of one full day of observation at all 20
schools over a one to two-week period. Baseline collection occurred during week 1 before any intervention activities. Follow-Up 1 occurred after infrastructure improvements had been completed in
sequential intervention schools but before any intervention activities had occurred in simultaneous
intervention schools (weeks 2 and 3). This data collection was intended to assess the impact of infrastructure improvements alone and is reported as a secondary analysis. The final four rounds of data
collection occurred at weeks 6-7 (Follow-Up 2), weeks 12-13 (Follow-Up 3), weeks 18-19 (Follow-Up
4) and weeks 24-25 (Follow-Up 5). Ramadan, a month-long period where schools were closed, occurred between Follow-Ups 3 and 4. The study design is detailed in Figure 2.
Materials evaluations were conducted a total of four times at each school over the course of our
study to verify if water containers were at the designated handwashing station, if the containers
were filled with water, if soap was placed in the designated soap dish (both soap and soap dish were
study provisions provided throughout length of the study) and if the painted nudge paths were clean
and clearly visible. See Supplemental Table 1 for details.
Structured observation and camera data were recorded into a standardized Excel spreadsheet
for each school at each data collection period – about 6 hours from school start to school finish.
Structured observations were used at baseline and Follow-Up 1 as mounted cameras could not always capture handwashing events prior to infrastructure improvements near the latrine. For each
toileting event observed, the structured observer or data reviewer recorded the time of the toileting
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event, gender of the child, if anyone else was present upon exiting the latrine, if the handwashing
station facility was completely set up (had both soap and water available), if the child washed one
hand, both hands or not at all, and if the child used soap and water or just water. Camera footage
was reviewed at 4 times regular speed until a toileting event, when the speed was reduced to normal to capture handwashing behaviors. Due to the frequency with which children were using locations other than the latrine to relieve themselves (e.g. behind or next to the latrine facility), toileting
events were defined as either “latrine”, “known”, “probable” or “potential” based on level of certainty that a toileting event took place (see Supplemental Table 2 for definitions). HWWS was the
primary behavioral outcome of interest. For the purposes of this analysis, we used the most restrictive definition of handwashing possible: the child washed both hands with soap. To ensure consistent results in the data review process, two schools from each round of data collection were randomly selected to have camera footage re-reviewed at a later time by the same reviewer, and data
was recorded separately in Excel. Agreement in coding of toileting events and handwashing behaviors between first and second review was greater than 95%.
As the focus of the study involved behaviors in open space (the school grounds), informed consent from pupils and teachers was not collected. Instead, written informed consent was obtained
from the school principal and a representative of the school management committee at each school
by a trained field worker before randomization. Ethical approval for the study was provided by the
University of Oklahoma Institutional Review Board (Protocol Record 6304) and research activities
approved by the Ministry of Education local team in Dhunat Upazila (Sub-district) of Bogra district
under Rajshahi Division. Save the Children and its partner, Village Education Resource Center (VERC),
were responsible for school identification and enrollment, collecting consents, recruiting and hiring
field staff, supervised construction of handwashing stations and nudges, and managed day to day
operation of the study. Study design, randomization, field team training and data collection protocols and schedules were managed by the research team.

Data analysis
The primary outcome of interest is the incidence of HWWS after a toileting event. We used generalized estimating equations (xtgee in Stata) with robust-poisson regression accounting for school-level
clustering of outcomes to calculate incident rate ratios (IRR) for all comparisons. Multivariable analyses controlled for school size and gender of the child. An additional control variable was included
related to potential social influence, defined as one or more person present and in view of the camera or observed when the student finished the toileting event. Analyses were conducted using Stata
IC v13 (53).
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Due to the similarity in results when stratified by the degree of certainty assigned to the toileting event (latrine, known, probable or potential), we present data on the incidence of handwashing
after “known” toileting events only. For Baseline we compared HWWS after toileting among students in nudge schools with students in HE schools to assess balance between intervention groups.
Summary statistics are presented to compare between Baseline and the entire post-intervention period (Follow-Ups 2-5) for each of the intervention groups. The primary analysis focuses on FollowUps 2-5, which assessed differences in HWWS between nudge and HE schools. IRRs for HWWS after
known toileting events were calculated for each data collection round independently, for the combined post-intervention period (Follow-Ups 2-5), and for the pre-Ramadan (Follow-Ups 2-3) and
post-Ramadan (Follow-Ups 4-5) periods.
Secondary analyses of the handwashing incidence compare Sequential Nudges to Simultaneous
Nudges, and Sequential HE to Simultaneous HE at Follow-Up 1 to assess the impact of infrastructure
alone, and at post-intervention Follow-Ups 2-5 to assess the impact of the timing of intervention delivery.

Results
Each intervention group contained roughly a quarter of all students, with 952 total students (25.6%)
in Sequential HE, 1025 students (27.5%) in Sequential Nudge, 852 students (22.9%) in Simultaneous
HE and 893 students (24%) in Simultaneous Nudge. Of the 3722 total students enrolled across all 20
schools, 1882 (50.6%) were girls, with a similar proportion of girls in each intervention group (seq.
HE = 49.5%; Seq. Nudge = 52.6%; Sim. HE = 49.0%; Sim. Nudge = 50.6%). A total of 4506 known toileting events were recorded and included in this study. Details of student enrollment and toileting
events across the study period are given in Table 1.

Intervention implementation and adherence
The total costs associated with each intervention arm were similar. The HE intervention cost a total
of $1265 USD for 10 schools, the majority of funds used to train and compensate four hygiene educators. We used a pre-existing HE program curriculum, thus costs for its development are not included. The HE intervention required one full day of training for four educators by the study supervisor. After training, each HE session was conducted by two educators, with a total of 40 HE sessions
conducted over a period of four weeks. The total cost of the nudge intervention in 10 schools was
$1241 USD, of which $569 was spent on bricks and cement for the construction of the nudge path,
and $672 was used on labor, paint and stencils. One mason and two assistants were contracted for
the nudge path completion. Each nudge path took approximately 5 hours to pave, two days to dry
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and two hours to paint. All nudge construction took place over the course of two weeks. The study
supervisor checked on progress to ensure that construction was on schedule and well executed over
the two-week nudge construction period. Educators reported progress and any issues to the study
supervisor daily.
Verification that all intervention components were present at each school was ensured through
Material Evaluations, details of which can be found in Supplemental Table 2.

Outcome measure: HWWS after known toileting events
At baseline, no significant differences were found between the intervention groups. The incidence of
handwashing at baseline was high, with a total of 384/1235 (31%) of all students washing both
hands with soap after known toileting events. Overall, the prevalence of handwashing rose 20% for
each of the HE intervention groups, from 20% at baseline to 40% in the entire post-intervention period (Follow-Ups 2-5) for the sequential HE intervention, and from 53% (baseline) to 73% (FollowUps 2-5) for the simultaneous HE intervention. Net increases in handwashing prevalence in the
nudge groups were larger, with handwashing rising from 28% (baseline) to 54% (Follow-Ups 2-5) in
the sequential nudge group, and from 17% (baseline) to 63% (Follow-Ups 2-5) in the simultaneous
nudge group. Figure 4 illustrates the comparison between baseline and the entire post-intervention
period by intervention group. The observed prevalence of washing both hands with soap after a toileting event among all students in the combined post-intervention period (Follow-Ups 2-5) was 58%.

Primary Analysis: HWWS after known toilet events comparing nudge and HE schools
Overall, no significant difference was found between the nudge intervention and the HE intervention
in either model in any data collection round. In the combined Follow-Ups 2-5, the handwashing
prevalence was 59% for the HE intervention group and 58% for the nudge intervention group. This
difference in handwashing rates between the nudge intervention compared to the HE intervention
was not statistically significant in either the unadjusted (unadj. IRR 0.92 95% CI 0.66 – 1.30, p=0.642)
or adjusted model (adj. IRR 0.81 95% CI 0.61 – 1.09, p=0.163). Details of the comparison between
the nudge intervention and the HE intervention can be found in Table 2 and Figure 5.

Secondary Analysis: Infrastructure alone and intervention timing
In Follow-Up 1 – after handwashing infrastructure had been installed in sequential schools but before any intervention activities had occurred in simultaneous schools – the prevalence of HWWS in
all sequential schools (combined nudge and HE groups) was 51% (186/362) vs. 25% (137/549) in all
simultaneous schools. When stratified by intervention type, children in simultaneous nudge inter-
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vention schools were significantly less likely to wash hands with soap after a known toileting event
than children in sequential nudge intervention schools in both the unadjusted (unadj. IRR 0.23, 95%
CI 0.12 – 0.45, p<0.001), and adjusted models (adj. IRR 0.51, 95% CI 0.28 – 0.93, p=0.029). By contrast, no significant differences were found in HWWS at Follow-Up 1 when comparing the simultaneous HE (no infrastructure improvements yet) to sequential HE (infrastructure improvements only)
(unadj. IRR 1.02, 95% CI 0.61 – 1.70, p=0.95; adj. IRR 0.99, 95% 0.63 – 1.58, p=0.979; Tables 3 and 4).
Statistically significant differences in handwashing practices were identified when simultaneous
and sequential nudge interventions and simultaneous and sequential HE interventions are each
treated as four separate intervention groups. For this analysis, sequential HE schools were used as
the reference group in the IRR calculation. A Wald test indicated a significant difference between the
intervention groups in the combined Follow-Ups 2-5 in both the unadjusted model (p=0.021) and the
adjusted model (p=0.002). In the entire post-intervention period (Follow-Ups 2-5), children in the
sequential nudge group and the simultaneous HE group were more likely to wash both hands with
soap after toileting events than students in the sequential HE schools, though the differences were
only significant between the simultaneous HE and the sequential HE groups (Table 5 and Figure 6).
Discussion
Our analysis showed that the nudge intervention and a high-intensity hygiene education intervention were equally efficacious with respect to sustained handwashing behavior change 5 months
post-intervention. No significant differences were found between the nudge intervention and the HE
intervention at baseline nor at any of the post-intervention data collection rounds. The hygiene education program implemented as part of this study included more than just didactic information
transfer. Developed by Save the Children during a previous hygiene promotion effort in Afghanistan,
the HE component incorporated storytelling, participatory methods and commitment-building exercises. The use of multiple techniques may help to explain the significant and sustained effect of the
HE intervention compared to traditional risk-oriented, lighter-touch education interventions that
have been less successful in promoting hygiene behavior change among primary school children (54,
55).
Follow-Up 2 examined the effect of the handwashing infrastructure improvement alone. Dedicated handwashing locations have been associated with improved health outcomes (56) and are
considered a key component of an enabling environment for handwashing (34, 57, 58). We noted a
rather large increase in handwashing based on infrastructure improvements alone – in the data collection immediately after infrastructure improvements alone, HWWS was 51% in schools with new
handwashing stations (combined sequential nudge and sequential HE groups) vs. 25% in schools that
had not.
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Across all intervention groups, we do note a general decline in handwashing in subsequent data
collection rounds in sequential intervention schools, compared to schools that received simultaneous improvements in infrastructure and nudges or HE activities. The decline was particularly pronounced in HE schools. In contrast, the timing of the handwashing infrastructure in the sequential
nudge intervention compared to the simultaneous nudge intervention did not differ significantly at
any data collection round post-nudge intervention. While infrastructure alone was associated with
improved handwashing, our study suggests that these improvements should be accompanied by additional intervention activities in order to see lasting change.
The effect of nudges on handwashing in this RCT was more modest than seen in the pilot project
(51) – a 20-percentage point improvement vs. a 66-percentage point improvement in the pilot. Baseline handwashing was much higher in this RCT compared to the pilot project. Baseline data were collected on the first day the school received soap and a soap case, which generated significant excitement at some schools where soap had not been previously available. Structured observations and
camera observations noted several instances during baseline in which large groups of kids excitedly
played with the soap at the water source, washing hands, feet, faces and in some cases, their entire
bodies. Although some schools stated that soap was often or sometimes made available to students,
during pre-study site visits none of the schools that were deemed eligible for the study had soap
available at the primary water source on the day of the visit. Thus, the presence of soap alone may
have acted as an initial “nudge” for improved handwashing. Still, data from the RCT suggest that the
nudge intervention could sustain improved handwashing behavior at 5-months post intervention.
Handwashing rates in the nudge intervention group were relatively stable over the post-intervention
period, even with the long Ramadan break.
Costs of the nudges and the HE intervention used in this study were approximately the same.
Direct comparison of the costs of the two interventions should be made with caution. Among nudge
schools, only 1 school demonstrated considerable wear and fading. Approximately half of nudge
costs went towards labor and paint, while the primary costs of the brick paths and concrete facilities
are expected to require less frequent repairs and upkeep. We used materials from an existing hygiene education program, so cost did not include developing health and hygiene education materials. We also used program staff to train hygiene educators in an all-day training and practice session,
and had our educators report to schools in teams, making us fairly confident in general fidelity to the
HE intervention. Delivering the same messages at a larger scale would require a more significant investment in human resources.
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Challenges and limitations
There were several unanticipated analytical challenges that came with this study. First, there was
greater than expected variability in the number of observations per round between schools as well
as greater than expected variability within schools between data collection rounds. Randomizing on
attendance rates, income, distance from village center etc., may have helped to reduce betweenschool variability. As for the within school variability, several factors such as local events (elections,
sporting events, etc.) reduced attendance on some data collection days. As a result, our study was
underpowered. We calculated sample sizes based on observed toileting event from the initial pilot
study (an average of 80 toileting events per school per observation period). In this RCT, we had an
average of 37 toileting events per observation period. In order to assess how the large variability between schools was affecting our analysis, we conducted a sensitivity analysis in which schools that
were below the 25th percentile in the total number of observations recorded were dropped at each
data collection period (data not shown). No significant differences were found between the sensitivity analysis and our primary analysis.
Use of the latrines also varied significantly by school, with some schools yielding very few known
observations - students were thought to be using locations behind the latrine, behind the school and
at times, out of sight of our observations altogether. To account for this, we independently analyzed
results for possible, probably, known, and latrine only events. Results were similar in all our analyses. However, we do see a general trend of improved handwashing behaviors following latrine toileting events as compared to the more inclusive known, probable, and potential toileting events, regardless of intervention assignment. While not a focus of this study, this finding suggests that promotion of in-latrine toileting events in schools may also impact handwashing behaviors in schools.
Efforts to improve the use of sanitation facilities, including the use of environmental nudges targeting toilet use – could have additional benefits for student hand hygiene behaviors.
In person, structured observations were conducted at all 20 schools for our baseline collection,
which may have resulted in high reactivity. Similarly, cameras may have contributed to further reactivity during subsequent data collection rounds. While cameras were intended to be set up before
students arrived at school, this was not always possible. We had a small number of cameras and
while electrical boxes that hid the cameras were permanently fixed to walls, there were visible
changes to the box when cameras were present – notably, the hole on the face plate was larger
when cameras were installed. In reviewing the camera footage moments of potential reactivity to
the camera were noted by the data reviewer (kids poking the camera, feeling the lens (which generates heat when on), talking into the camera box, acknowledging the camera with a kiss or a wave,
showing clean hands to the camera after washing). Instances of such recognition were observed at
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all schools and during each data collection round, with no observed differences between 5-months
post-intervention and baseline. Video cameras have previously been used for structured observations of handwashing (52). Previous studies of the validity of handwashing structured observation,
the current gold standard for handwashing observations, found significant increases in handwashing
behavior in approximately 20% of observed households (59). While clear cases of reactivity were observed in far less than 20% of observations, we cannot assess the true extent of reactivity to cameras
with our current study design. We note that cameras were used in both intervention groups and assume that reactivity was similar in both nudge and HE schools. Our experience suggests further efforts to minimize reactivity to camera surveillance are needed, such as investment in smaller, more
discrete hidden cameras and mounting in out-of-reach, inconspicuous locations. Open urination and
defecation also pose obvious challenges to the ethical use of cameras in such studies, as the unintentional video capture of such events may raise questions about the appropriateness of camera use
and necessary safeguards to protect the privacy of children must be included.
Compliance with the full setup of the handwashing station was also found to be an issue during
our first two compliance checks. One possible mechanism to improve compliance with handwashing
station setup which has been proven to be efficacious in a similar context (60) is the appointment of
a station “champion” to monitor handwashing provisions, proper setup, and nudge path maintenance. Soap provision and nudge path maintenance should also be considered in future allocation of
school-level improvement plan funds. While abnormal school days due to local events and inclement
weather were given as the primary reason for non-compliance, such events are likely to have negatively impacted handwashing rates. As has been noted in other studies, sustained management and
monitoring of intervention activities is typically an important factor in achieving positive hygiene behavior change (26, 61). Despite these early compliance issues, our final compliance check at 24-25
weeks post intervention found all schools to have the handwashing station fully set up, suggesting
that on normal school days, schools may have adopted handwashing station setup as a part of their
regular routine by this point. For the purposes of this study, HE sessions were led by trained promoters external to the school. Formal integration of hygiene promotion into the curriculum and routine duties of teachers was beyond the scope of this study, but appropriate implementation channels and organizational behavior change should be considered in larger-scale effectiveness studies.
Finally, we feel that the length of this study was not sufficient to determine the long-term sustainability of either the HE intervention or the nudge intervention. A follow-up study at a later date
at each of our study schools would be highly useful to assessing the long-term sustainability of each
intervention.
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Conclusions
This RCT demonstrated that the nudge intervention could sustain improved handwashing behavior
at 5-months post intervention, and was not significantly different from a high-intensity hygiene education intervention. These findings are encouraging, as high-intensity HE interventions would likely
be costlier over time, as well as more labor and time-intensive than the nudge intervention. While
the use of nudges to promote HWWS are still in the early stages of development, the findings of this
RCT call for further and more robust studies of the nudge-based interventions. We note that our selection criteria included only schools with sufficient access to water supply for handwashing; any future applications of nudges or other handwashing promotion strategies in schools must be responsive to local water availability. We encourage further exploration of nudge-based handwashing promotion in schools, including retro-fitting nudges to preexisting toilet and handwashing infrastructure, designing nudges for other key handwashing moments within the school (such as eating spaces), targeting preschoolers, and nudging other hygiene-related behaviors. Future studies should also
examine the potential synergies of nudges and other intervention modalities (HE, group
handwashing, etc.) and explore differences in the impact of nudges – and school-based HWWS behavior change interventions – on younger and older children.

Acknowledgements
Funding for this project was provided by the Center for Applied Social Research at the University of
Oklahoma and Save the Children. The views expressed do not necessarily reflect the official policies
of either organization. We would like to thank the school management and students at the 20 participating primary schools for their cooperation and involvement during the research process. We
would also like to thank the Upazila Education office in Dhunat, Bogra for granting permission to
conduct our study. Finally, we would like to acknowledge the hard work and long hours of our data
collection team: Abdul Halim Mondol, Anirudhya Chakravorty, Abdullah Al Mahmud Mehedi and
Shafiqul Islam.

References
1.

Rabie T, Curtis V. Handwashing and risk of respiratory infections: a quantitative systematic review. Tropical medicine & international health : TM & IH. 2006;11(3):258-67.

2.

Strunz EC, Addiss DG, Stocks ME, Ogden S, Utzinger J, Freeman MC. Water, sanitation, hygiene,
and soil-transmitted helminth infection: a systematic review and meta-analysis. PLoS medicine.
2014;11(3):e1001620.

3.

Trinies V, Garn JV, Chang HH, Freeman MC. The Impact of a School-Based Water, Sanitation, and

This article is protected by copyright. All rights reserved.

Accepted Article

Hygiene Program on Absenteeism, Diarrhea, and Respiratory Infection: A Matched-Control Trial
in Mali. The American journal of tropical medicine and hygiene. 2016;94(6):1418-25.
4.

Walker CL, Black RE. Diarrhoea morbidity and mortality in older children, adolescents, and
adults. Epidemiology and infection. 2010;138(9):1215-26.

5.

Freeman MC, Clasen T, Dreibelbis R, Saboori S, Greene LE, Brumback B, et al. The impact of a
school-based water supply and treatment, hygiene, and sanitation programme on pupil diarrhoea: a cluster-randomized trial. Epidemiology and infection. 2014;142(2):340-51.

6.

Lee RLT, Leung C, Tong WK, Chen H, Lee PH. Comparative efficacy of a simplified handwashing
program for improvement in hand hygiene and reduction of school absenteeism among children
with intellectual disability. American Journal of Infection Control. 2015;43(9):907-12.

7.

Stehle J, Voirin N, Barrat A, Cattuto C, Isella L, Pinton JF, et al. High-resolution measurements of
face-to-face contact patterns in a primary school. PloS one. 2011;6(8):e23176.

8.

Simon AK, Hollander GA, McMichael A. Evolution of the immune system in humans from infancy
to old age. Proceedings Biological sciences / The Royal Society. 2015;282(1821):20143085.

9.

Lamdin DJ. Evidence of Student Attendance as an Independent Variable in Education Production
Functions. The Journal of Educational Research. 1996;89(3):155-62.

10. Hibbett A, Fogelman K, Manor O. Occupational outcomes of truancy. The British journal of educational psychology. 1990;60 ( Pt 1):23-36.
11. Hibbett A, Fogelman K. Future lives of truants: family formation and health-related behaviour.
The British journal of educational psychology. 1990;60 ( Pt 2):171-9.
12. Kearney CA. An Interdisciplinary Model of School Absenteeism in Youth to Inform Professional
Practice and Public Policy. Educational Psychology Review. 2008;20(3):257-82.
13. Willmott M, Nicholson A, Busse H, MacArthur GJ, Brookes S, Campbell R. Effectiveness of hand
hygiene interventions in reducing illness absence among children in educational settings: a systematic review and meta-analysis. Archives of disease in childhood. 2016;101(1):42-50.
14. Bowers T. Teacher Absenteeism and Ill Health Retirement: A review. Cambridge Journal of Education. 2001;31(2):135-57.
15. Nafstad P, Hagen JA, Botten G, Jaakkola JJ. Lower respiratory tract infections among Norwegian
infants with siblings in day care. American Journal of Public Health. 1996;86(10):1456-9.
16. Monto AS. Studies of the Community and Family: Acute Respiratory Illness and Infection. Epidemiologic Reviews. 1994;16(2):351-73.
17. Viboud C, Boelle PY, Cauchemez S, Lavenu A, Valleron AJ, Flahault A, et al. Risk factors of influenza transmission in households. The British journal of general practice : the journal of the Royal
College of General Practitioners. 2004;54(506):684-9.

This article is protected by copyright. All rights reserved.

Accepted Article

18. Longini IM, Jr., Koopman JS, Monto AS, Fox JP. Estimating household and community transmission parameters for influenza. American journal of epidemiology. 1982;115(5):736-51.
19. Joshi A, Amadi C. Impact of water, sanitation, and hygiene interventions on improving health
outcomes among school children. Journal of environmental and public health.
2013;2013:984626.
20. O'Reilly C E, Freeman M C, Ravani M, Migele J, Mwaki A, Ayalo M, et al. The impact of a schoolbased safe water and hygiene programme on knowledge and practices of students and their
parents: Nyanza Province, western Kenya, 2006. Epidemiology and infection. 2008;136(1):80-91.
21. Dreibelbis R, Freeman MC, Greene LE, Saboori S, Rheingans R. The impact of school water, sanitation, and hygiene interventions on the health of younger siblings of pupils: a clusterrandomized trial in Kenya. Am J Public Health. 2014;104(1):e91-7.
22. Schmidt W-P, Wloch C, Biran A, Curtis V, Mangtani P. Formative research on the feasibility of
hygiene interventions for influenza control in UK primary schools. BMC Public Health.
2009;9:390-.
23. Saboori S, Mwaki A, Rheingans R. Is soapy water a viable solution for handwashing in schools?
Waterlines. 2010;29(4):329-36.
24. Sidibe M, Curtis V. Can hygiene be cool and fun? Insights from school children in Senegal. Sanitation and Hygiene Series: Water and Sanitation Program. 2007.
25. IRC U. School Sanitation and Hygiene Education Results from the Assessment of a 6-Country Pilot Project. New York and Delft, The Netherlands: UNICEF and IRC International Water and Sanitation Centre; 2006.
26. Antwi-Agyei P, Mwakitalima A, Seleman A, Tenu F, Kuiwite T, Kiberiti S, et al. Water, sanitation
and hygiene (WASH) in schools: results from a process evaluation of the National Sanitation
Campaign in Tanzania. Journal of Water Sanitation and Hygiene for Development.
2017;7(1):140-50.
27. Huda TM, Unicomb L, Johnston RB, Halder AK, Yushuf Sharker MA, Luby SP. Interim evaluation
of a large scale sanitation, hygiene and water improvement programme on childhood diarrhea
and respiratory disease in rural Bangladesh. Social science & medicine (1982). 2012;75(4):60411.
28. Rosen L, Manor O, Engelhard D, Brody D, Rosen B, Peleg H, et al. Can a handwashing intervention make a difference? Results from a randomized controlled trial in Jerusalem preschools. Preventive medicine. 2006;42(1):27-32.
29. Biran A, Schmidt WP, Wright R, Jones T, Seshadri M, Isaac P, et al. The effect of a soap promotion and hygiene education campaign on handwashing behaviour in rural India: a cluster ran-

This article is protected by copyright. All rights reserved.

Accepted Article

domised trial. Tropical medicine & international health : TM & IH. 2009;14(10):1303-14.
30. Hoque BA. Handwashing practices and challenges in Bangladesh. International Journal of Environmental Health Research. 2003;13(sup1):S81-S7.
31. Scott B, Curtis V, Rabie T, Garbrah-Aidoo N. Health in our hands, but not in our heads: understanding hygiene motivation in Ghana. Health Policy and Planning. 2007;22(4):225-33.
32. Watson JA, Ensink JH, Ramos M, Benelli P, Holdsworth E, Dreibelbis R, et al. Does targeting children with hygiene promotion messages work? The effect of handwashing promotion targeted at
children, on diarrhoea, soil-transmitted helminth infections and behaviour change, in low- and
middle-income countries. Tropical medicine & international health : TM & IH. 2017.
33. Rajaraman D, Varadharajan KS, Greenland K, Curtis V, Kumar R, Schmidt WP, et al. Implementing
effective hygiene promotion: lessons from the process evaluation of an intervention to promote
handwashing with soap in rural India. BMC Public Health. 2014;14:1179.
34. Contzen N, Meili IH, Mosler HJ. Changing handwashing behaviour in southern Ethiopia: a longitudinal study on infrastructural and commitment interventions. Social science & medicine
(1982). 2015;124:103-14.
35. Garn JV, Trinies V, Toubkiss J, Freeman MC. The Role of Adherence on the Impact of a SchoolBased Water, Sanitation, and Hygiene Intervention in Mali. The American journal of tropical
medicine and hygiene. 2017.
36. Thaler RH, Sunstein CR. Nudge: Improving Decisions about Health, Wealth, and Happiness: Yale
University Press; 2008.
37. Hollands GJ, Shemilt I, Marteau TM, Jebb SA, Kelly MP, Nakamura R, et al. Altering microenvironments to change population health behaviour: towards an evidence base for choice architecture interventions. BMC Public Health. 2013;13:1218-.
38. Marteau TM, Hollands GJ, Fletcher PC. Changing human behavior to prevent disease: the importance of targeting automatic processes. Science (New York, NY). 2012;337(6101):1492-5.
39. Thorndike AN, Riis J, Sonnenberg LM, Levy DE. Traffic-Light Labels and Choice Architecture Promoting Healthy Food Choices. American journal of preventive medicine. 2014;46(2):143-9.
40. Hubbard KL, Bandini LG, Folta SC, Wansink B, Eliasziw M, Must A. Impact of a Smarter Lunchroom intervention on food selection and consumption among adolescents and young adults
with intellectual and developmental disabilities in a residential school setting. Public health nutrition. 2015;18(2):361-71.
41. Brown HN, Saunders RB, Dick MJ. Preventing secondary pregnancy in adolescents: a model program. Health care for women international. 1999;20(1):5-15.
42. Eves FF, Lewis AL, Griffin C. Modelling effects of stair width on rates of stair climbing in a train

This article is protected by copyright. All rights reserved.

Accepted Article

station. Preventive medicine. 2008;47(3):270-2.
43. Brown SC, Pantin H, Lombard J, Toro M, Huang S, Plater-Zyberk E, et al. Walk Score(®): Associations with Purposive Walking in Recent Cuban Immigrants. American journal of preventive medicine. 2013;45(2):202-6.
44. Graffeo M, Ritov I, Bonini N, Hadjichristidis C. To make people save energy tell them what others
do but also who they are: a preliminary study. Frontiers in psychology. 2015;6:1287.
45. Cohen MA, Vandenbergh MP. The potential role of carbon labeling in a green economy. Energy
Economics. 2012;34, Supplement 1:S53-S63.
46. Kimura A, Wada Y, Kamada A, Masuda T, Okamoto M, Goto S, et al. Interactive effects of carbon
footprint information and its accessibility on value and subjective qualities of food products.
Appetite. 2010;55(2):271-8.
47. Gautam OP, Schmidt WP, Cairncross S, Cavill S, Curtis V. Trial of a Novel Intervention to Improve
Multiple Food Hygiene Behaviors in Nepal. The American journal of tropical medicine and hygiene. 2017;96(6):1415-26.
48. UNICEF. WASH for school children. State-of-the-art in Afghanistan, Bangladesh, Buthan. India,
Maldives, Nepal, Pakistan and Sri Lanka. UNICEF Regional Office for South Asia, Kathmandu;
2012.
49. Bangladesh. Sthānīẏa Sarakāra Bibhāga. National hygiene promotion strategy for water supply
and sanita on sector in Bangladesh 2012 = Bāṃlādeśe pāni sarabarāha o syāniṭeśana sekṭaraera praṇīta hāijina prasārera jā ẏa kauśalapatra 2012. Bangladesh: Local Government Division,
Ministry of Local Government, Rural Development and Cooperatives, Government of the People's Republic of Bangladesh; 2012. 21, 4 pages p.
50. WaterAid (Organization : Bangladesh), Bangladesh. Policy Support Unit., International Centre for
Diarrhoeal Disease Research Bangladesh. Bangladesh national hygiene baseline survey : preliminary report. Dhaka: International Centre for Diarrheal Diseases Research, Bangladesh; 2014. 64
pages p.
51. Dreibelbis R, Kroeger A, Hossain K, Venkatesh M, Ram PK. Behavior Change without Behavior
Change Communication: Nudging Handwashing among Primary School Students in Bangladesh.
International journal of environmental research and public health. 2016;13(1).
52. Pickering AJ, Blum AG, Breiman RF, Ram PK, Davis J. Video Surveillance Captures Student Hand
Hygiene Behavior, Reactivity to Observation, and Peer Influence in Kenyan Primary Schools. PloS
one. 2014;9(3).
53. StataCorp. Stata Statistical Software: Release 13. College Station, TX: StataCorp LP; 2013.
54. Hosain GM, Saha S, Begum A. Impact of sanitation and health education on intestinal parasite

This article is protected by copyright. All rights reserved.

Accepted Article

infection among primary school aged children of Sherpur, Bangladesh. Tropical doctor.
2003;33(3):139-43.
55. Greene LE, Freeman MC, Akoko D, Saboori S, Moe C, Rheingans R. Impact of a school-based hygiene promotion and sanitation intervention on pupil hand contamination in Western Kenya: a
cluster randomized trial. The American journal of tropical medicine and hygiene.
2012;87(3):385-93.
56. Luby SP, Halder AK. Associations among handwashing indicators, wealth, and symptoms of
childhood respiratory illness in urban Bangladesh. Tropical medicine & international health : TM
& IH. 2008;13(6):835-44.
57. Devine J. Beyond tippy-taps: The role of enabling products in scaling up and sustaining
handwashing. Waterlines. 2010;29(4):304-14.
58. Leontsini E, Winch PJ. Increasing handwashing with soap: emotional drivers or social norms?
The Lancet Global health. 2014;2(3):e118-9.
59. Ram PK, Halder AK, Granger SP, Jones T, Hall P, Hitchcock D, et al. Is Structured Observation a
Valid Technique to Measure Handwashing Behavior? Use of Acceleration Sensors Embedded in
Soap to Assess Reactivity to Structured Observation. The American journal of tropical medicine
and hygiene. 2010;83(5):1070-6.
60. Chatterley C, Javernick-Will A, Linden KG, Alam K, Bottinelli L, Venkatesh M. A qualitative comparative analysis of well-managed school sanitation in Bangladesh. BMC Public Health.
2014;14:6.
61. Duijster D, Monse B, Dimaisip-Nabuab J, Djuharnoko P, Heinrich-Weltzien R, Hobdell M, et al.
‘Fit for school’ – a school-based water, sanitation and hygiene programme to improve child
health: Results from a longitudinal study in Cambodia, Indonesia and Lao PDR. BMC Public
Health. 2017;17(1):302.

Correspondence: Robert Dreibelbis, Faculty of Infectious and Tropical Disease, Department of Disease Control, London School of Hygiene and Tropical Medicine, Keppel Street, London WC1E 7HT,
UK. Phone +44 207 927 2417, email Robert.Dreibelbis@lshtm.ac.uk

This article is protected by copyright. All rights reserved.

Accepted Article

Table 1: Total number of known toileting events by intervention group
Intervention Group

Total number of students enrolled N (%):

Sequential
HE

Sequential
Nudge

Simultaneous
HE

Simultaneous
Nudge

952 (25.6%)

1025 (27.5%)

852 (22.9%)

893 (24.0%)

218 (17.7%)

431 (34.9%)

332 (26.9%)

254 (20.5%)

1235

165 (18.1%)

197 (21.6%)

245 (26.9%)

304 (33.4%)

911

178 (31.4%)

178 (31.4%)

101 (17.8%)

110 (19.4%)

567

119 (24.1%)

103 (20.8%)

163 (33.0%)

109 (22.1%)

494

116 (17.1%)

130 (19.1%)

239 (35.1%)

195 (28.7%)

680

83 (13.4%)

243 (39.3%)

150 (24.2%)

143 (23.1%)

619

879 (19.5%)

1282 (28.5%)

1230 (27.3%)

1115 (24.7%)

4506

Total
3722

Baseline
Total number of toileting events N (%):
Follow-Up 1
Total number of toileting events N (%):
Follow-Up 2
Total number of toileting events N (%):
Follow-Up 3
Total number of toileting events N (%):
Follow-Up 4
Total number of toileting events N (%):
Follow-Up 5
Total number of toileting events N (%):
Entire Study
Total number of toileting events N (%):
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Table 2: Handwashing after known toileting events, comparing Nudge to HE intervention by data
collection round

Collection Round
Baseline
Follow-Up 2

Follow-Up 3

Follow-Up 4

Follow-Up 5

Intervention
Group
Total
HE
Nudge
Total
HE
Nudge
Total
HE
Nudge
Total
HE
Nudge
Total
HE
Nudge
Total
HE
Nudge
Total
HE
Nudge
Total
HE

% (N)
31% (384/1235)
40% (219/550)
24% (165/685)
60% (343/567)
62% (172/279)
59% (171/288)
59% (290/494)
62% (175/282)
54% (115/212)
54% (367/680)
55% (196/355)
53% (171/325)
60% (374/619)
56% (131/233)
63% (243/386)
60% (633/1061)
62% (347/561)
57% (286/500)
57% (741/1299)
56% (327/588)
58% (414/711)
58% (1374/2360)
59% (674/1149)

Unadjusted Robust-Poisson
Model
Confidence
IRR
Interval
P-value

Adjusted* Robust-Poisson
Model
Confidence
IRR
Interval
P-value

Ref
0.6

0.25 - 1.45

0.258

Ref
1.44

0.75 - 2.77

0.271

Ref
0.87

0.61 - 1.25

0.45

Ref
0.87

0.61 - 1.24

0.448

Ref
0.92

0.64 - 1.31

0.648

Ref
0.95

0.68 - 1.31

0.734

Ref
0.99

0.56 - 1.76

0.977

Ref
0.82

0.47 - 1.41

0.467

Ref
1.2

0.77 - 1.87

0.412

Ref
1.04

0.68 - 1.58
0.857
Combined FollowUps 2-3
Ref
Ref
(Pre-Ramadan)
0.88
0.65 - 1.20
0.427
0.9
0.68 - 1.19
0.465
Combined FollowUps 4-5 (PostRef
Ref
Ramadan)
1.02
0.65 - 1.61
0.915
0.79 0.51 - 1.22
0.288
Combined FollowUps 2-5 (PostRef
Ref
intervention period)
Nudge
58% (700/1211) 0.92
0.66 - 1.30
0.642
0.81 0.61 - 1.09
0.163
*Adjusted for school size, gender and social influence
Note: Follow-Up 1 excluded as it took place before the implementation of the Nudge and Hygiene Education interventions
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Table 3: Handwashing after known toileting events, comparing Simultaneous Nudge to Sequential
Nudge by data collection round
Collection
Round
Baseline

Follow-Up 1

Intervention
Group
Total
Seq. Nudge
Sim. Nudge
Total
Seq. Nudge
Sim. Nudge
Total
Seq. Nudge
Sim. Nudge
Total
Seq. Nudge
Sim. Nudge
Total
Seq. Nudge

% (N)
24% (165/685)
28% (122/431)
17% (43/254)
33% (163/501)
62% (122/197)
13% (41/304)
57% (286/500)
47% (133/281)
70% (153/219)
58% (414/711)
58% (217/373)
58% (197/338)
58% (700/1211)
54% (350/654)

Combined Follow-Ups 2-3
(Pre-Ramadan)
Combined Follow-Ups 4-5
(Post-Ramadan)
Combined Follow-Ups 2-5
(Postintervention
period)
Sim. Nudge
63% (350/557)
*Adjusted for school size, gender and social influence

Unadjusted Robust-Poisson
Model
Confidence
IRR
Interval
P-value

Adjusted* Robust-Poisson
Model
Confidence
IRR
Interval
P-value

Ref
0.52

0.14 - 2.01

0.346

Ref
0.65

0.24 - 173

0.386

Ref
0.23

0.12 - 0.45

<0.001*

Ref
0.51

0.28 - 0.93

0.029*

Ref
1.27

0.75 - 2.15

0.376

Ref
1.12

0.69 - 1.82

0.647

Ref
0.81

0.42 - 1.55

0.527

Ref
0.71

0.41 - 1.23

0.224

0.48 - 1.17

0.203

Ref

0.96

Ref

0.55 - 1.68
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0.883

0.75
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Table 4: Handwashing after known toileting events, comparing Simultaneous HE to Sequential HE by
data collection round
Collection
Round
Baseline

Follow-Up 1
Combined Follow-Ups 2-3
(Pre-Ramadan)
Combined Follow-Ups 4-5
(Post-Ramadan)

Intervention
Group
Total
Seq. HE
Sim. HE
Total
Seq. HE
Sim. HE
Total
Seq. HE
Sim. HE
Total
Seq. HE
Sim. HE
Total
Seq. HE

% (N)
40% (219/550)
20% (44/218)
53% (175/332)
39% (160/410)
39% (64/165)
39% (96/245)
62% (347/561)
52% (155/297)
73% (192/264)
56% (327/588)
22% (44/199)
73% (283/389)
59% (674/1149)
40% (199/496)

Combined Follow-Ups 2-5
(Postintervention peSim. HE
73% (475/653)
riod)
*Adjusted for school size, gender and social influence

Unadjusted Robust-Poisson
Model
Confidence
IRR
Interval
P-value

Adjusted* Robust-Poisson
Model
Confidence
IRR
Interval
P-value

Ref
2.18

0.195

Ref
1.8

0.65 - 5.01

0.255

0.63 - 1.58

0.979

0.67 - 7.08

Ref
1.02

0.61 - 1.70

0.95

Ref
0.99

Ref
1.38

1.15 - 1.66

<0.001*

Ref
1.4

1.11 - 1.76

0.004*

Ref
2.76

1.75 - 4.38

<0.001*

Ref
2.42

1.84 - 3.18

<0.001*

1.20 - 2.08

0.001*

Ref
1.7

Ref
1.32 - 2.18
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Table 5: Handwashing after known toileting events, comparing Simultaneous HE, Simultaneous
Nudge and Sequential Nudge to Sequential HE by data collection round
Intervention
Group
% (N)
Total
31% (384/1235)
Seq. HE
20% (44/218)
Baseline
Seq. Nudge
28% (122/431)
Sim. HE
53% (175/332)
Sim. Nudge
17% (43/254)
Total
35% (323/911)
Seq. HE
39% (64/165)
Follow-Up 1
Seq. Nudge
62% (122/197)
Sim. HE
39% (96/245)
Sim. Nudge
13% (41/304)
Total
60% (633/1061)
Seq. HE
52% (155/297)
Combined Follow-Ups 2-3
Seq. Nudge
47% (133/281)
(Pre-Ramadan)
Sim. HE
73% (192/264)
Combined
Sim. Nudge
70% (153/219)
Total
57% (741/1299)
Combined FolSeq. HE
22% (44/199)
low-Ups 4-5
Seq. Nudge
58% (217/373)
(Post-Ramadan)
Sim. HE
73% (283/389)
Sim. Nudge
58% (197/338)
Total
58% (1374/2360)
Follow-Ups 2-5
Seq. HE
40% (199/496)
(PostSeq. Nudge
54% (350/654)
intervention peSim. HE
73% (475/653)
riod)
Sim. Nudge
63% (350/557)
*Adjusted for school size, gender and social influence
Collection Round

Unadjusted Robust-Poisson
Model
Confidence
IRR
Interval
p-value
0.296
Ref
1.26 0.41 - 3.85
0.684
2.18 0.69 - 6.88
0.182
0.66 0.16 - 2.74
0.567
<0.001*
Ref
1.46 0.97 - 2.19
0.072
1.01 0.61 - 1.68
0.952
0.34 0.18 - 0.62
0.001*
0.026*
Ref
0.91 0.61 - 1.37
0.663
1.33 1.06 - 1.67
0.012*
1.18 0.78 - 1.77
0.428
0.002*
Ref
1.97 1.14 - 3.43
0.016*
2.45 1.54 - 3.92
<0.001*
1.62 0.84 - 3.12
0.148
0.021*
Ref
1.22 0.80 - 1.85
0.347
1.59 1.18 - 2.15
0.002*
1.18 0.72 - 1.93
0.502
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Adjusted* Robust-Poisson
Model
Confidence
IRR
Interval
P-value
0.254
Ref
1.93
0.82 - 4.52
0.13
1.49
0.51 - 4.29
0.464
1.09
0.30 - 4.01
0.89
0.013*
Ref
1.32
0.90 - 1.94
0.149
1.2
0.72 - 1.97
0.468
0.49
0.24 - 1.01
0.052
0.137
Ref
0.92
0.63 - 1.35
0.677
1.29
1.00 - 1.67
0.048*
1.15
0.76 - 1.73
0.504
<0.001*
Ref
1.64
0.92 - 2.94
0.095
2.39
1.42 - 4.02
0.001*
0.97
0.56 - 1.66
0.906
0.002*
Ref
1.15
0.77 - 1.72
0.492
1.52
1.07 - 2.16
0.019*
0.86
0.56 - 1.34
0.517
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Figure 3: Nudge intervention of paved and painted paths leading from the two school latrines to the handwashing station
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Figure 4: Comparing handwashing prevalence after known toileting events
between entire post-intervention period (Follow-Ups 2-5) and Baseline, by
intervention group
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Figure 5: Percentage of children washing both hands with soap after known
toileting events, Nudge vs. Hygiene Education
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*Follow-Up 1 excluded as it took place before the implementation of the Nudge and Hygiene Education interventions
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Figure 6: Percentage of children washing both hands with soap after known
toileting events, by intervention group
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