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ABSTRACT

The Nyando Integrated Child Health Education (NICHE) project was a

collaborative effort by the U.S. Centers for Disease Control and local partners

to assess the effectiveness of multiple interventions for improving child

survival in western Kenya. To increase handwashing in schools, NICHE

trained teachers and installed handwashing stations with treated water

and soap in 51 primary schools. This cluster-randomized trial evaluated

an additional educational strategy (a poster contest themed, “Handwashing

with Soap”) to improve handwashing behavior in 23 NICHE primary

schools. Pupils were engaged in the poster development. Pupil handwashing

behavior was observed unobtrusively at baseline and after four months.

Intervention schools displayed a significant increase in the number of hand-

washing stations and proportion of teacher-supervised stations over the study

period. No significant between-group differences of intervention in hand-

washing frequency, soap availability, or visibility of handwashing stations

was observed. Despite finding a limited effect beyond the NICHE interven-

tion, the trial appeared to promote sustainability across some measures.

INTRODUCTION

Diarrheal diseases cause 1.3 million deaths globally among children under five

each year [1]. Together, low-income African and Southeast Asian countries

contribute 78% of the global child mortality due to diarrheal disease [2]. Despite

efforts to reduce the prevalence of diarrheal disease, it remains one of the top five

causes of childhood morbidity and mortality in rural western Kenya [3, 4]. It is

estimated that one of every 182 children is hospitalized for diarrhea each year

in Kenya (annual incidence 550 per 100,000 children under 5) [5]. In 2010,

the country’s Ministry of Public Health and Sanitation instituted policies and

guidelines that outline plans to reduce child mortality and morbidity caused by

diarrheal disease [6].

In the past, interventions to reduce the burden of diarrheal disease have varied

considerably, from sanitation and improved water supplies to behavior change

efforts, which include point-of-use household water disinfection, safe water

storage, and handwashing [7]. Handwashing with soap is a low-cost intervention

shown to reduce the risk of diarrheal disease by up to 47% [8] and reduce school

absenteeism by 35% [9].

Interventions to promote effective handwashing behavior in Kenya have been

implemented previously [10-14]. The U.S. Centers for Disease Control and

Prevention (CDC) has been involved in developing and implementing a water

quality intervention called the Safe Water System (SWS) in western Kenya for

a number of years [12, 15-18]. This three-pronged intervention employs simple,

inexpensive technologies for point-of-use treatment and safe water storage, and

promotes behavior change through social marketing, community mobilization,
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motivational interviewing, communication, and education [17]. Studies from

Kenya have shown reductions in diarrheal rates and absenteeism, improvement in

parental awareness (e.g., acknowledgment of changing handwashing practices),

and observed handwashing behavior, and increases in reported handwashing

at appropriate times (i.e., before eating, after defecating, before preparing food)

after implementation of SWS in households and schools [9, 19, 20]. SWS

and other infrastructure-oriented interventions address physical constraints to

adopting handwashing behavior. Knowledge transfer can be approached through

either traditional didactic approaches that employ rote learning and lectures

or explicitly participatory approaches that emphasize engaging in behaviors and

shared learning [21]. In Kenya, studies suggest that action-oriented, participatory

health and hygiene education interventions, such as those that engage pupils in

developing ideas about behavior changes and actions to carry them out, may

be equally or more effective than didactic, conventional education [10, 11, 13].

Active teaching and learning approaches may encourage pupils’ full participation

and ownership of the behavior change, resulting in increased knowledge and

more sustained or effective adoption of behaviors [10, 11].

Interventions that involve posters as a health promotion tool have been shown to

successfully promote adoption of beneficial health behaviors (e.g., stair climbing)

[22, 23], injury prevention [24], and disease awareness [25]. However, to our

knowledge, no study has evaluated individual engagement in the development

of health promotion posters and their subsequent impacts to improve handwashing

behavior, specifically among primary school-aged children or in Kenya. We

sought to combine the development and installation of posters in classrooms

as educational and motivational tools for handwashing, applying the Health

Belief Model (HBM) as a conceptual structure [26]. The model suggests that

handwashing behavior would be influenced by changes in knowledge, percep-

tions of risks and benefits, and cues action, after perceived barriers to hand-

washing are addressed. We hypothesized that the development of posters to

promote handwashing would encourage pupils to reflect on and creatively

convey messages about handwashing, in turn improving pupils’ knowledge and

perception of health risks and handwashing benefits. There is evidence that

individual-level engagement of students through the poster development process

may provide important cues to action that can motivate and improve handwashing

behavior [27]; here, both installation of pupil-developed posters in classrooms

and staff supervision of handwashing behavior would serve as cues to action.

Barriers to actionwould be addressed by SWS infrastructure provided byNICHE.

The objective of this cluster-randomized controlled trial was to evaluate hand-

washing behavior in schools after engaging pupils in an activity in which they

were asked to create posters promoting handwashing behavior and posters were

installed in classrooms. It was hypothesized that the intervention would con-

tribute to improvements in handwashing knowledge and health perceptions among

pupils and trigger handwashing after latrine use, which would in turn result in
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improvement or retention in handwashing behavior in intervention schools.

This research took place in Kenyan primary schools already engaged in the

NICHE program providing infrastructure for handwashing such as soap and water

containers; we evaluated the additional effect of the poster intervention beyond

the effects of other NICHE interventions.

METHODS

The NICHE Project, 2007-2009

The Nyando Integrated Child Health and Education Project (NICHE), carried

out by the CDC and the Kenyan Medical Research Institute (KEMRI) in rural

western Kenya from March 2007 to March 2009, focused on integrated

approaches to simultaneously promote multiple community health interventions.

The project rationale and protocol are described elsewhere [28]. One component

of NICHE involved community-based promotion of the SWS and handwashing

with soap. As part of NICHE, 51 primary schools were provided SWS and

teacher training in handwashing and hygiene. Twenty-six schools received the

NICHE intervention during the first school year (2007-2008) and 25 received

the intervention during the second year (2008-2009). It was hypothesized that

teachers would spread handwashing knowledge among both themselves and

their pupils, and that pupils would transfer SWS knowledge to their households

to motivate family members to adopt household-based SWS [19]. Two teachers

from each school were trained in a handwashing program that included the

use of SWS at schools; these teachers were encouraged to establish SWS and

pupil-focused Safe Water Clubs. NICHE provided containers for safe water

storage, soap for handwashing, water treatment supplies, and low-cost, locally

available materials to set up handwashing water stations. Each school received

educational manuals on handwashing and hygiene at the beginning of the NICHE

intervention. Beginning one year after the implementation of SWS by NICHE at

the schools, the schools were expected to continue the intervention independently

of NICHE support, including self-financing of the program. Schools were moni-

tored throughout the year for use of the SWS by pupils and teachers.

Visual Aid (Poster) Intervention, 2008-2009

For this study, of the 25 schools that received the NICHE intervention in the

second cohort (2008-2009), 23 were randomized for receipt of the visual aid

(poster) intervention (July 2008). Eleven schools received the poster interven-

tion and 12 served as comparison schools where no poster intervention activities

took place. Two schools were not included in the study due to transportation

and logistical challenges. All schools had received the SWS products from

NICHE one to three months before the intervention.
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Preliminary guidance from teachers from the first cohort of NICHE schools

(2007-2008) suggested that a competition among pupils might improve pupil

handwashing rates. We therefore integrated this aspect into the poster inter-

vention. Pupils from intervention schools were invited to create posters themed

“Handwashing with Soap, at School and at Home.” Each school received poster

paper and crayons, along with information about the poster contest. Every child

was invited to submit a poster and collaboration was encouraged. Pupils who

preferred not to draw were encouraged to submit slogans for selection. After

two weeks, during which the students were asked to complete the posters,

teachers at each school chose up to three posters and two slogans per school.

These winning items were collected from each school and judged by NICHE

staff. One poster from each school was selected. Selection criteria included

relevance to the theme, accuracy of the hygiene promotion message, artistic merit,

and overall clarity. If slogans were submitted, they were evaluated along with

the posters based on the same criteria.

The winning posters were scanned and imported into Adobe In-Design CS3

version 5.0.4. (Adobe Systems Incorporated, San Jose, CA). Text and color

were manually modified for clarity and resolution in reproduction; slogans were

incorporated into the winning posters (Figure 1). Posters were printed in color on

large (17 × 22 inches) water- and tear-resistant paper. Posters were distributed

in all classrooms of the intervention schools, where NICHE staff installed them

to the classroom walls. Every intervention school received one copy of each

winning poster, such that a poster was displayed in every classroom and the

teachers’ lounge.

Evaluation

A pre-test/post-test control group design was employed [29, 30]. Four trained

NICHE staff members conducted observations in intervention and comparison

schools at two times: baseline (October 2008) and four months after imple-

mentation of the intervention (late February and March 2009). During each

observation period, one NICHE staff member monitored handwashing stations

outside the latrines in each school for two hours in the morning (approximately

9-11 a.m.). Observers recorded numbers of pupils entering the latrines and/or

urinating or defecating outside the latrine, and whether the pupil washed hands

after exiting the latrine or urinating/defecating outside. Observers also recorded

the estimated distance of the handwashing station from the latrine, visibility of

stations from the classroom or latrine, and whether the handwashing stations

were actively supervised. For each of these measures, observers provided one

composite estimate per school, intended to represent the average for all hand-

washing stations in each school. The presence or absence of water, chlorine, and

soap at each handwashing station was also noted.
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The proportion of pupils engaging in handwashing behavior after latrine use

was calculated for each school by dividing the number of pupils who washed

hands by the number entering the latrine or urinating/defecating outside the

latrine during the observation period. Pupils were counted as washing hands

whether or not they used soap. Baseline and follow-up proportions were calcu-

lated for intervention and comparison schools. Handwashing data were only

collected at sites when water was present.

Data Analysis

The primary outcome of interest was the mean difference in the proportion

of students washing hands after latrine use between baseline and follow-up for

intervention schools, compared with the mean difference for comparison schools.

Other analyses included changes from baseline to follow-up between intervention

and comparison schools in measures of handwashing infrastructure (number

of handwashing stations, presence of water or soap at the handwashing station,

supervision, and visibility from the latrine or classroom). Bivariate analyses

were used to compare baseline differences between intervention and comparison

schools. To assess the impact of differences in number of pupils and number

of observations at each school, a statistical weighting strategy was employed.

School-specific weights were created by dividing the total number of pupils

washing in each school by the sum of the total number of pupils washing in all

of the schools.

Two sample paired t-tests were performed to assess the significance of the

change in baseline and follow-up proportions between intervention and com-

parison schools. The distribution of the data was examined for evidence of

non-normality; if skewness or bimodality was observed, the Wilcoxon rank-sum

non-parametric test was conducted in addition to t-tests. Significance levels

were considered at p < 0.05. All analyses were conducted in STATA/IC 10.1 for

Macintosh (Stata Corp., College Station, Texas).

Ethical Considerations

Human Subjects approval for this study was obtained from institutional

review boards at the CDC, the University of Washington, and the Kenya Medical

Research Institute. Data were collected anonymously: pupil names were neither

known nor recorded by the NICHE staff.

RESULTS

Each classroom had approximately 40-50 pupils. NICHE staff received 26

posters and 7 slogans from 9 intervention schools (two schools did not contribute).

Of these items, one was chosen as winner by teachers at each school. In many

cases, one pupil produced the posters and slogans, though several were the result
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of a collaboration of pairs or small groups of pupils. Two poster examples,

in their original formats and digitally refined for reproduction, are shown in

Figure 1. All pupils’ names and schools were included on their posters.

Baseline handwashing behavior was observed in 10 intervention and 11 com-

parison schools (one intervention school lacked water at baseline). Follow-up

observations were not conducted at three intervention and three comparison

schools, due to lack of water or transportation challenges for observers. Analyses

did not include the one school without baseline and six schools without follow-up

observations. There were no significant differences between comparison and

intervention schools with respect to the duration of observation at baseline or

follow-up. Weighted analyses did not produce meaningful differences in the mag-

nitude of outcome measures or statistical significance compared to unweighted

analyses, so only unweighted analyses are reported here. Approximately equal

numbers of male and female pupils were observed at each time point, across

all schools. The average number of pupils observed at baseline was approxi-

mately 100 at both intervention and comparison schools (Table 1). Fewer pupils

were observed at follow-up, but this difference was not significant. On

average, the length of the periods during which pupils were observed was 103

to 135 minutes (Table 1).

Handwashing

At baseline, there was almost no difference between intervention and com-

parison schools in the mean proportion of pupils washing hands (mean

difference = 0.02; Table 2). At follow-up, the mean proportion of pupils

washing hands differed by 0.07 between intervention and comparison schools

(p = 0.45). Comparing baseline to follow-up, the proportion of pupils washing

hands increased by 2.7% in comparison schools and decreased by 2.8% in

intervention schools. This difference represents a non-significant interven-

tion effect over the period of the intervention (0.06, 95% CI: –0.27, 0.38).

Handwashing behavior was not significantly associated with distance of the

handwashing station from the latrine, visibility from the classroom, or visibility

from the latrine.

Stations

The mean number of handwashing stations was 2.1 for intervention and

2.3 comparison schools at baseline (Table 1). Between baseline and follow-up,

the average number of handwashing stations observed increased significantly

in intervention schools (2.1 vs. 3.4, p = 0.01) but not in comparison schools

(2.3 vs. 3.4, p = 0.06). Three intervention and four comparison schools reported

distance of stations from latrines at baseline; all schools reported distances

at follow-up. At baseline, most (50%) of intervention schools that provided

data reported that their handwashing stations were < 10 meters from the latrine,

314 / GRAVES ET AL.
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Table 1. Mean Number of Pupils and Handwashing Stations Observed,

Mean Duration of Observation Period, and Distance of Stations

from Latrines at Intervention and Comparison Schools

at Baseline and Four-Month Follow-Up

Intervention

(n = 7)

Mean (SD)

Comparison

(n = 7)

Mean (SD) p-Value

Baseline

Mean number of pupils observed

per school

Mean duration of observation

(minutes) per school

Mean number of handwashing

stations observed in each school

Distance of stations from latrinea

< 10 meters

10-30 meters

> 30 meters

Four months

Mean number of pupils observed

per school

Mean duration of observation

(minutes) per school

Mean number of handwashing

stations observed in each school

Distance of stations from latrinea

< 10 meters

10-30 meters

> 30 meters

123 (45)

125 (25)

2.1 (0.4)

N (%)

2 (50.0)

1 (25.0)

1 (25.0)

Mean (SD)

70 (26)

111 (48)

3.4 (1.1)

N (%)

1 (14.3)

4 (57.1)

2 (28.6)

121 (30)

150 (64)

2.3 (0.5)

N (%)

0

2 (66.7)

1 (33.3)

Mean (SD)

92 (49)

111 (49)

3.4 (1.4)

N (%)

1 (14.3)

6 (85.7)

0

0.91

0.35

0.55

0.33

0.31

0.98

1.00

0.30

Values in this table reflect observations in schools with water present at the time

of observation and observation at both baseline and follow-up. Values represent

mean, (standard deviation), or N (%) when indicated, and p-values represent results

from student’s t-test or �2 tests and compare intervention and comparison schools.
aDistance information was not ascertained from three intervention and four comparison

schools at baseline.
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compared to 0% of comparison schools (Table 1). At follow-up, most intervention

and comparison schools reported that handwashing stations were located 10-30

meters from the latrines.

Soap Availability

Soap availability was measured as the mean proportion of handwashing

stations with soap for each school (Table 2). At baseline, soap was available at

all handwashing stations at intervention schools and at 67% of handwashing

stations at comparison schools (Table 2), a significant difference (p = 0.04).

By follow-up, four months later, soap was available in only 49% and 45% of

the handwashing stations at intervention and comparison schools, respectively.

The change in proportions between baseline and follow-up was not statistically

significant comparing intervention and comparison schools (p = 0.20).

Supervision and Visibility of Handwashing Stations

At baseline, NICHE staff observed a teacher actively supervising handwashing

stations at half of intervention schools and all comparison schools. At follow-up,

the mean proportion of supervised handwashing stations increased at the

intervention schools (71%), but decreased at comparison schools (56%; Table 2).

The change over time was significantly different, comparing intervention and

comparison schools (p = 0.02). Nearly all handwashing stations were visible from

the latrine in intervention and comparison schools at baseline; however, the mean

proportion of stations at follow-up declined to nearly half for all schools (Table 2).

For comparison schools, handwashing stations were more often reported as visible

from the classroom at baseline, compared to follow-up. Intervention schools

showed an increase in the proportion of handwashing stations visible from the

classroom between baseline and follow-up. Feedback from teachers indicated that

stations were moved away from the latrines and classrooms and closer to the

school offices in order to deter pupils from “playing with them.”

DISCUSSION

We sought to evaluate handwashing behavior among pupils in rural Kenyan

primary schools following a health promotion intervention that included a poster

design competition and installation in classrooms. This intervention was placed

within an existing program that provided handwashing infrastructure, such as

handwashing stations and soap. The primary outcome of interest was effect of

the intervention on the mean proportion of pupils washing hands after visiting the

latrine. It was hypothesized that intervention schools would experience retention

or improvement in handwashing behavior over four months, compared to the

comparison schools. At baseline, most students in intervention and comparison

schools washed hands after using the latrine (72-74%) and the rates were not
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significantly different at follow-up (69-77%). This indicates that all schools

retained a relatively high rate of handwashing over time, yet no intervention effect

was observed. A possible explanation for this observation is the presence of

multiple handwashing promotion campaigns. Discussions with teachers in some

NICHE schools revealed that other organizations were also engaging pupils in

programming to improving handwashing behavior. Other measures evaluated in

this study included availability of soap, supervision of handwashing stations, and

visibility of handwashing stations from the latrine or classroom. All schools

exhibited a decrease in the proportion of stations with soap available, suggesting

resource limitations after the baseline observation. Intervention schools also

showed a decrease in the proportion of stations visible from the latrine, but an

increase in the proportion of stations visible from the classroom and supervised

by faculty. Comparison schools exhibited a decreased performance in these

measures. While handwashing behavior did not improve in intervention schools,

it may be possible that the intervention improved faculty supervision behavior.

The poster intervention was embedded within the NICHE program, and it is

not possible to assess the impact of the intervention independent of the physical

and educational resources provided by NICHE. Results from this study should

be interpreted with this in mind. The NICHE infrastructure itself allowed the

schools to overcome substantial environmental and financial barriers (avail-

ability of water, soap, buckets, etc.). NICHE did provide educational manuals to

promote handwashing; however, it is not known whether teachers or students

used these materials in the development of the posters. Supplementing the

NICHE intervention with the poster contest intervention was expected to improve

handwashing behavior among pupils for whom handwashing facilities were

readily available. We did not observe this effect; however, this may be due to the

substantially high rates of handwashing already achieved by NICHE, which also

included handwashing promotion in pupils’ homes. At baseline for this study,

which occurred well after the implementation of NICHE, both intervention and

comparison schools showed handwashing behavior in most pupils after using

the latrine. It is possible that the poster program may not have had sufficient

impact to improve handwashing substantially beyond such high baseline levels.

Also, insufficient intensity in execution of the program or buy-in from the

teachers, suggested by the failure of three intervention schools to participate in

the poster competition, might have weakened development of the critical mass

of participation necessary to observe the full effect of the intervention.

Although an association between media exposure (through visual aids such as

posters or other advertisements) and the formation of handwashing behaviors

suggest that health promotion campaigns may show promise, the effects are

limited [13]. Pupil engagement in poster development may serve as an educa-

tional exercise and posters in classrooms can promote handwashing behavior

among pupils [27]. This followed the theory of the HBM, which is an applic-

able model for hand hygiene interventions [27]. Results from this study show
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that the intervention did not improve handwashing behavior, though significant

improvements in faculty supervision of handwashing stations were observed.

Faculty behavior may have been influenced by intervention activities through

improvements in knowledge, understanding, and cues to action within the

HBM paradigm.

Our study objectively evaluated health behaviors through unobtrusive

observation, which contributed to the study’s strength. Comparable studies that

have evaluated poster interventions often utilize patient reports and rarely

have the opportunity to observe actual behavior [24, 25, 31]. Additionally, most

poster evaluation study designs tend to evaluate the poster content, without

investigating the effect of the poster on associated outcomes [32]. Candidly

observing individuals’ choices reduces bias and allows for the authors to clearly

assess behaviors and the intervention effect [33] and is more reliable than

self-reporting questionnaires, interviews, or focus groups, which may be subject

to response bias [34]. Unobtrusively observing the behavior is an efficient

and practical evaluation model for handwashing interventions in Kenya and

other locations where pupils must wash their hands at public handwashing

stations where they can be directly observed. Reducing the “observer effect” by

using familiar data collectors (e.g., NICHE staff members) further strengthened

this study.

An additional strength of this study was its cluster-randomized controlled

design, which ensured that results accounted for the intervention that occurred

at the school level. Other school intervention studies often fail to recognize the

clustered nature of their study design and analyze results with greater assumption

of subject independence than may truly be warranted. Poster study designs, while

easy to implement in settings like schools or clinics, are difficult to generalize

beyond specific settings.

The CDC is not the only organization in developing countries that focuses

on handwashing and hygiene in schools. As mentioned above, teachers who

informed the development of the poster intervention reported that NICHE was

not the only group that had come to their school in the last year to talk to them

about water and handwashing. The results of this evaluation therefore inform

not only future CDC and NICHE projects, but also other handwashing and

sanitation outreach projects in Africa and elsewhere.

This study had several limitations. The poster intervention took place in one

division in the Nyanza Province and was therefore not representative of Nyanza

Province or Kenya. Many elements of the NICHE project were inextricably

linked to the poster intervention, making it difficult to distinguish the specific

poster effect from the NICHE effect (e.g., handwashing stations). Recent research

cites challenges in sustaining improved handwashing behavior over time [35].

While it may be possible to improve knowledge about handwashing, presence

of resources for handwashing (soap and clean water) is critical for success. This

study was embedded within the NICHE program in order to partially address
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these concerns. Unfortunately, soap availability was limited through the course

of the study for many schools, which limited our ability to assess the change in

handwashing with soap. This study sought, however, to improve the behavior

of using handwashing stations to wash after using the latrine, not soap use

specifically. Washing with water alone is effective in removing contaminants

from hands, although less so than washing with soap [36]. Other studies in low

income settings have implemented handwashing promotion interventions with

water alone [37, 38]. In the future, detailed observations could identify soap use

among pupils for each handwashing episode in order to better ascertain soap

use while handwashing. It was not possible to gather data on changes in pupil

knowledge, attitudes, and beliefs in study schools, which would have pro-

vided insight into the impact of the poster development process as a means

to improve perceived risk and benefits of handwashing. An additional limitation

was our inability to adjust for multiple variables that may have contributed to

handwashing behavior in schools (i.e., school size, other handwashing activities

that may be occurring at a school). Weighted analyses that functioned as a proxy

for school size did not produce materially different results from unweighted

analyses, which suggests that school size did not significantly influence hand-

washing behavior. Other limitations are related to the study setting, including

logistical and environmental challenges, which led to lack of follow-up

observations in some schools. Water was not available at several sites at the

time of observation (six sites at follow-up), hindering data collection at those

visits. Finally, a high level of handwashing behavior was exhibited at baseline,

which might have limited our ability to measure changes in behavior that may

be more nuanced.

While substantial changes in handwashing behavior were not associated

with the poster intervention, this evaluation was nonetheless valuable in demon-

strating feasibility of a sustainable intervention with engaging educational

methods, such as poster development and competition, in primary schools to

improve handwashing behavior. Pupil engagement to develop educational

posters and the permanent installation of posters in classrooms are creative

elements that can be used in future interventions. While generalization of

this study’s results to non-NICHE areas may not be possible, this study lays

the groundwork for further research in this direction. It is possible that

success of similar interventions in the future that rely on education and moti-

vation from visual aids might be contingent on a minimal set of circumstances

or resources, such as soap and water which were provided by NICHE. Alter-

nately, a follow-up study could use different outcome measures (e.g., self-

reported 24-hour handwashing behavior) that are not contingent upon the

presence of water.

Further research is warranted to determine the importance of a child-centered

approach, which promotes and encourages cooperation and input from pupils to

design and implement hand hygiene behavior change programs.
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