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Effects of complexity of handwashing instructions

on handwashing procedure replication in low-income

urban slums in Bangladesh: a randomized non-inferiority

field trial

Nuhu Amin, Dawn D. Sagerman, Fosiul A. Nizame, Kishor K. Das,

Md Nuruzzaman, Jihnhee Yu, Leanne Unicomb, Stephen P. Luby

and Pavani K. Ram
ABSTRACT
Handwashing instructions vary in complexity, with some recommending multiple steps. To assess

whether complex handwashing instructions changed handwashing procedure replication, we

conducted a randomized non-inferiority trial in a low-income area, Dhaka. We randomly assigned

mothers and children aged 5–10 years to one of three handwashing instruction sets: simple

(N¼ 85 mothers/134 children), moderate (N¼ 75 mothers/148 children), or complex (84 mothers/147

children). Simple instructions had three steps: wet, lather, and rinse hands, and moderate included the

simple instructions plus steps to scrub palms, backs of hands, and dry hands in the air. Complex

instructions included moderate instructions plus steps to scrub between fingers, under nails, and

lather for 20 s. After baseline, cue cards were used to promote handwashing instructions, and

adherence after 2 weeks of interventions was evaluated. Compliance with handwashing procedure

replication to all instructions in simple, moderate, and complex increased after the intervention among

mothers and children. Compliance to all instructions in the simple group was higher in the simple

group (100%) compared to all instructions in moderate (47%) and complex instruction groups (38%).

Simple handwashing steps are easier to remember for long time periods compared to complex steps.
This is an Open Access article distributed under the terms of the Creative

Commons Attribution Licence (CC BY 4.0), which permits copying,

adaptation and redistribution, provided the original work is properly cited

(http://creativecommons.org/licenses/by/4.0/).
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INTRODUCTION
In 2013, the World Health Organization estimated a total of

297,000 deaths attributed to inadequate handwashing,
mostly from low-income countries (WHO ). Handwash-

ing with soap has been considered one of the most effective

ways of reducing infectious diseases (Fewtrell et al. ;

Luby et al. ; Cairncross & Valdmanis ).

Handwashing has been promoted in Bangladesh and

elsewhere (WHO ; UNICEF ) for the prevention
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of infections. But the practice is still infrequent among

adults (Curtis et al. ; Halder et al. ; Luby et al.

) and children (Luby et al. ; Bowen et al. ;

UNICEF ) around the globe (Curtis et al. ; Freeman

et al. ). A UNICEF report showed that only 6% of chil-

dren in Bangladesh schools observed washing their hands

with soap after defecation and before eating (UNICEF

). Similar results were found in the Bangladesh National

Hygiene Baseline Survey (icddr ), which showed that

only 11% of school children reported handwashing with

soap. The identification of potential barriers to handwashing

behavior is important to improve adherence.

Handwashing is a complex behavior made up of several

steps (Jumaa ; The Joint Commission Mission ;

Friedrich et al. ). The Centers for Disease Control and

Prevention (CDC) recommends five steps as part of the

handwashing process (CDC ); WHO (WHO ) and

UNICEF (UNICEF ) recommend 10–11 steps. Research-

ers evaluating the effects of handwashing interventions have

also used various levels of complexity in the steps for the

promotion of handwashing at the community level (Fuls

et al. ; Luby et al. ; Pickering et al. ; Ram

et al. ; Amin et al. ). The complexity of instructions

can impact adherence to recommended health behaviors.

For example, studies of patients using antiretroviral therapy

for HIV/AIDS have shown that increased complexity in the

medication regimen resulted in decreased patient adherence

(Stone et al. ). A 17 country review on adherence to

medication suggested that adherence to intake medication

increased up to 10% when patients switched from the com-

bination of multiple drugs to simpler single-dose therapy

(Hutchins et al. ).

Several studies have investigated the effects of different

regimens of handwashing complexity on microbial hand

contamination. A recent community-based microbial hand-

washing effectiveness observational study in Zimbabwe

found that a regimen of wetting hands by dipping into a

vessel, using any soap, scrubbing the fingertips, and cleaning

under the fingernails significantly lowers the contamination

in post-wash hand rinse samples compared to pre-wash (Frie-

drich et al. ). The rest of the steps (scrubbing back of the

hands, scrubbing between fingers, and scrubbing for >20 s)

did not significantly remove Escherichia coli. The Zimbabwe

study did not compare the bacterial load based on the
different handwashing complexity steps. A recent hospital-

based hand hygiene study in the United Kingdom found

that the WHO-recommended complex six-step hand rubbing

technique with alcohol-based handrub was more effective in

removing the bacterial load from hands compared to the

CDC-recommended simple three-step technique (Reilly

et al. ). Results from the United Kingdom trial contrast

with a number of recent trials in high-income countries

(Tschudin-Sutter et al. ; Price et al. ), which found

that the simplified three-step hand rubbing technique was

more effective removing bacterial load from hands (median

4.45, IQR 4.04–5.15) compared to the WHO six-step

(median 3.91, IQR 3.69–4.62, p 0.021) technique (Tschu-

din-Sutter et al. ). Although these studies provide some

evidence on the effects of different regimens of handwashing

complexity on microbial hand contamination, on different

regimens of handwashing complexity, no data are available

on how the complexity of regimens affects the handwashing

procedures in a community setting.

Barriers to handwashing have been investigated in a

number of studies in Bangladesh (Stanton & Clemens

; Scott et al. ; Nizame et al. ; Amin et al.

), but no study has been conducted to assess the

impact of handwashing instruction complexity for hand-

washing procedure replication on the behavior at the

community level. In a low-income urban area in Dhaka,

Bangladesh, we conducted a randomized non-inferiority

field trial among mothers of young children and children

aged 5–10 years to evaluate whether increasingly complex

handwashing instructions reduced handwashing procedure

replication. We also assessed whether the complexity of

handwashing instructions affected the ability of respondents

to recall recommended times to wash hands.
METHODS

A non-inferiority trial aims to demonstrate that the test pro-

duct is not worse than the comparator by more than a

small pre-specified amount (Ricci ). For this study, we

defined a non-inferiority trial to determinewhethermoderate

and/or complex handwashing instructions (a new treatment)

result in compliance with handwashing procedure

replication that is not worse than simple handwashing
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instructions (the reference treatment) bymore than an accep-

table amount (Piaggio et al. ). This amount is known as

the non-inferiority margin or delta. There was no prior infor-

mation on the specific topic of the complexity of

handwashing instruction and handwashing behavior, and

we assumed that moderate and/or complex handwashing

instructions were 25% less adheres compared to simple hand-

washing instructions. For this study, we defined handwashing

procedure replication as the demonstration of the full set of

prescribed instructions provided to the respondents after base-

line data collection.

Study site

We conducted this study from July to October 2010 in the

Jafrabad area of Dhaka, a densely populated low-income

area where people live in compounds containing multiple

households (BBS ), and where the incidence of cholera

is high (incidence rate of 1.64 per 1,000) (Chowdhury et al.

; Paul et al. ).

Enrolment of the study population

Fieldworkers surveyed all compounds in the Jafrabad area

and prepared a line-list of 346 compounds. They then

enrolled all compounds having more than four households

(N¼ 309 compounds) to maximize the likelihood that at

least one eligible respondent would be identified in each com-

pound. Using a Microsoft Excel random number generator,

one of the investigators (DS) assigned 103 compounds each

(from the 309 selected compounds) to one of three hand-

washing complexity instruction sequences: simple (three

steps: wet hands with water, apply soap and produce lather,

and rinse both hands), moderate (six steps: wet hands with

water, apply soap and produce lather, scrub palms of

hands, scrub back of hands, rinsed both hands, and

dry hands by waving in the air), or complex (nine steps:

wet hands with water, apply soap and produce lather, scrub

palms of hands, scrub back of hands, scrub between fingers,

clean under fingernails, scrub for at least 20 s rinse both

hands, and dry hands by waving in the air) (Figure 1).

Caregivers were considered eligible if they had a child

<2 years old or a child 5–10 years old (Figure S1, available

with the online version of this paper). Mothers of children
<2 years old were selected because they are the group to

which handwashing ismost often promoted.We chose to inter-

viewmothers of older children because the primary school age

(5–10 years old) is considered an optimal time to promote new

behaviors and since children at this age are expected to take

responsibility for their own handwashing. (Dutton et al. ;

WSP ) (all data relevant to children 5–10 years old are

shown in the online Supplementary Appendix). Fieldworkers

performed systematic random sampling to identify every

fourth household of the compound to determine mothers and

children meeting the eligibility criteria. In brief, one fieldwor-

ker entered the assigned compound and began at the first

household on the left of the main compound entrance. At the

fourth household counting in a clockwise direction, the field-

worker attempted to recruit a study participant. If no eligible

motherwas available, the fieldworker continued in a clockwise

direction one household at a time until an eligible mother was

recruited. After recruiting one mother in that compound, the

data collector proceeded to the next compound to recruit

another mother in the same manner.

Data collection and intervention delivery

The fieldworkers used a survey questionnaire to collect base-

line data on household demographics, current water and

sanitation-related knowledge and reported practices, asked

them to perform a demonstration of usual handwashing be-

havior after defecation including hand drying, then recorded

knowledge of recommended times to wash hands.

Once baseline data were collected, the fieldworker used a

pictorial cue card for all groups to promote recommended

times to wash hands (before preparing food, before eating,

after defecation, and after cleaning a child’s anus) (Figure S2,

available online). Using a second cue card (simple or moderate

or complex handwashing instruction), the fieldworker

thoroughly explained the instructions for how to wash hands

based on the complexity level to which the household was

assigned (Figure 1).

Handwashing demonstrations were conducted separately

with children and their mothers during the intervention. Both

of the instructionswere provided once (during the initial visit),

and no visual or verbal reminders were provided after the

initial visit. Instructions ranged from 20 s to 3 min (simple to

complex). For the complex group, to count the 20 s scrubbing



Figure 1 | Handwashing cue cards on three instruction sets during the intervention at Mohammadpur, Dhaka, Bangladesh, 2010.
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time, a familiar song was selected by the research team to be

sung while washing hands by the participants. The song was

simply awidely knownand popular song (likeHappyBirthday

to You… in the USA) that contains no content about hand-

washing, but only allowed a sense of timing.

Immediately after presenting the instructions, fieldworkers

asked the participants to demonstrate handwashing behavior

and then recorded which steps were demonstrated. The

fieldworkers recorded all handwashing steps demonstrated

prior to the intervention, immediately after the intervention,

‘immediate visits’, after 2days, andafter 2weeksof intervention.
Recommended times to wash hands is a companion

instruction to the handwashing set on how to wash hands:

when to wash hands. Handwashing behavior at these key

times is important to potentially prevent the transmission

of pathogens to a new host (Luby et al. ; CDC ).

We wanted to evaluate whether the increased number of

steps in the complex group would alter recall of the infor-

mation on when to wash hands. Thus, the respondent was

asked to recall the recommended times at which hands

should be washed with soap and demonstrate/show how

to wash hands.
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Weevaluatedwhether thecomplexityof the recommended

handwashing steps affected immediate handwashing pro-

cedure replication and recall of key times for handwashing

immediately following the intervention, compared to baseline.

Similar information was collected after 2 days and 2 weeks of

interventionusing the samemethods in order to assesswhether

the time since interventionmight affect the ability to reproduce

the recommendedhandwashing steps and recall of key times to

wash hands.

Recruitment took place from 25 July 2010 until 14 Octo-

ber 2010. Follow-up visits continued until 30 October 2010.
DATA ANALYSIS

To compare demonstrated handwashing practices of mothers

between measurement at baseline and endline, we used the

paired t-test. Since we measured the practices of one mother

from each compound, we did not account for clustering. We

also used the paired t-test to compare compliance to rec-

ommended handwashing times of mothers between

measurement at baseline and endline. For children, we com-

pared demonstrated handwashing practices between baseline

and endline using a generalized linear model adjusting for

pair matching. Since we measured the practices of more than

one child from the same compound, we adjusted standard

errors to account for clustering at the compound level.
ETHICS

Written informed consent was obtained from parents and

assent was obtained from the children. Ethical approval

was obtained by the Research and Ethical Review Commit-

tees of icddr,b and by the Social and Behavioral Sciences

Institutional Review Board of the University at Buffalo.
RESULTS

Baseline characteristics of the participants

From the enrolled compounds, the fieldworkers re-enrolled

236 households in the simple group, 234 households in the
moderate group and 241 households in the complex instruc-

tion group. Among the enrolled households, 92 mothers and

144 children were randomly assigned to the simple group,

80 mothers and 154 children in the moderate group; and

89 mothers and 152 children in the complex group

(Figure S1). Mean ages of mothers and children were com-

parable across the groups (about 25 years for mothers and

7.5 years for children). The mean number of persons per

household was 4.5 across groups. All intervention house-

holds (100%) had access to latrine facilities and among

them, only 2–6% of households had access to a private

latrine in their premises across the groups. Overall, more

than 99% of households had access to municipal piped sup-

plied water, and among them, only 7–15% sources were

household private taps across the groups. Most of the house-

hold (95%) had access to water at the handwashing station

but only 25–33% had soap across the groups. On average,

only 13–17% of households had soap inside their latrine

across the group, and the mean distances between hand-

washing station and latrines were between four and five

paces. Almost all (99%) of the households had access to

drinking water within the compound, and most of them

were connected through piped water into a shared facility

(Table 1).

Handwashing procedure replication by mothers

At baseline before the intervention, compliance to

simple instructions was similar (wet hands with water¼
100%, apply soap and produce lather 63–66%, and rinse

hands thoroughly ¼ 100%) across the intervention

groups. Compliance to moderate and complex instruc-

tions was consistent across the intervention groups at

baseline except for the step denoting air drying of

hands (‘dried hands in the air’; the simple group 11%,

the moderate group 15%, and in the complex group

only 5%) (Table 2).

After the intervention, all mothers in simple, moderate,

and complex instruction groups were able to reproduce all

three handwashing steps provided in the simple instruction

set. Out of six handwashing steps in the moderate instruction

set, all (100%)motherswere able to reproduce four steps after

the intervention (wet hands with water, apply soap and

produce lather, scrub palms of hands, and rinse hands



Table 1 | Households characteristics at baseline among caregivers of young children and children between the age 5–10 years at Mohammadpur, Dhaka, Bangladesh, 2010

Characteristics

Caregivers Children

Simple
N¼ 85

Moderate
N¼ 75

Complex
N¼ 84

Simple
N¼ 134

Moderate
N¼ 148

Complex
N¼ 147

Mean age (SD) 25 (6) 25 (6) 24 (6) 7 (1) 8 (2) 7 (2)

Gender (female) (%) 98 99 98 60 51 53

Years of education completed by the respondent (SD) 4 (3) 5 (4) 5 (3) 1 (1) 1 (1) 1 (1)

Years of education completed by the household head (SD) 5 (4) 5 (4) 5 (4) 5 (4) 4 (4) 5 (9)

Mean household sizea (SD) 4 (1) 4 (2) 4 (1) 5 (1) 5 (2) 5 (2)

Main source of drinking water, n (%)

Piped water connected through the shared handpump 62 (73) 46 (62) 55 (65) 102 (76) 84 (57) 104 (71)

Piped water into dwelling/private tap 7 (8) 6 (8) 8 (10) 12 (9) 22 (15) 10 (7)

Piped water into yard/compound 16 (19) 22 (29) 20 (24) 20 (15) 39 (26) 31 (21)

Other 0 1 (1) 1 (1) 0 3 (2) 2 (1)

Sanitation practice

Access to any type of latrine facility 85 (100) 75 (100) 84 (100) 134 (100) 148 (100) 147 (100)

Types of latrine facilities used by the households

Private 3 (4) 4 (5) 5 (6) 3 (2) 5 (3) 7 (5)

Shared 72 (96) 70 (94) 79 (94) 129 (96) 141 (96) 140 (95)

Public 0 1 (1) 0 2 (2) 2 (1) 0

Types of latrine facilities used by the households

Flush or pour flush toilet to the piped sewer system 82 (96) 73 (97) 79 (94) 130 (97) 145 (98) 142 (100)

Flush or pour flush toilet to open drain/canal 2 (2) 2 (3) 5 (6) 4 (3) 3 (2) 5 (3)

Pit latrine with slab and no water seal 1 (1) 0 0 0 0 0

Mean number of households used one toilet (SD) 6 (1) 7 (1) 7 (1) 7 (6) 7 (6) 7 (5)

Presence of soap inside the toilet, n (%) 11 (13) 12 (16) 15 (18) 17 (13) 24 (16) 20 (14)

Mean distance between handwashing station and cooking area, paces (SD) 11 (9) 11 (8) 10 (7) 10 (9) 10 (8) 11 (8)

Mean distance between handwashing station and latrine, paces (SD) 5 (5) 5 (6) 5 (5) 5 (3) 4 (4) 4 (5)

Types of cleansing agent present at handwashing station, n (%)

Only water 81 (95) 72 (96) 81(96) 128 (95) 141 (95) 139 (95)

Water and bar soap 23 (27) 23 (31) 28 (33) 37 (28) 37 (25) 40 (27)

Water and other cleansing agentsb 4 (5) 3 (4) 4 (5) 9 (7) 8 (5) 8 (5)

Mean weight (g) of bar soap (SD)c 50 (33) 48 (44) 51 (34) 49 (32) 48 (36) 49 (34)

Mean time (s) to bring soap to station (SD) 14 (12) 11 (8) 12 (9) 13 (11) 12 (8) 12 (9)

Best materials reported to wash hands (water and soap) (%) 89 84 94 94 92 89

aBased on how many people eat from the same cooking pot.
bDetergent/liquid soap, ash or mud.
cWeight of regular bar soap used 75–125 g.
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thoroughly) in all three intervention groups. Scrubbing the

back of hands and air drying hands also increased after the

intervention [the proportional difference between baseline

and endline for scrubbing back of the hand¼ 21 (p< 0.001)

and for hands dried in the air¼ 32 (p� 0.001)]. Among the
nine complex handwashing instruction steps, all (100%)

mothers able to reproduce five steps after the intervention

(wet hands with water, apply soap and produce lather,

scrub palms and back of the hands, and rinse hands

thoroughly). Scrubbing the back of hands, scrubbing between



Table 2 | Evaluation of demonstrated handwashing practice of mothers assigned to simple, moderate, and complex handwashing instructions at Mohammadpur, Dhaka, Bangladesh,

2010
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fingers, scrubbing for 20 s, cleaning under the finger nails and

drying hands in the air also increased after the intervention

[proportional difference for scrubbing back of the hand¼
34 (p< 0.001), scrubbing between fingers¼ 73 (p< 0.001),

scrubbing for 20 s¼ 60 (p< 0.001), cleaning under the

fingernails¼ 71 (p< 0.001), and for drying hands in the

air¼ 34 (p� 0.001)] (Table 2).

Overall, air drying of hands was least memorized to

across all intervention groups after the intervention com-

pared to other steps (in the simple group 26%, in the

moderate group 47%, and in the complex group 38%). Clean-

ing under fingernails was more frequently memorized to in

the complex group (79%) compared to the simple (19%)

and moderate groups (23%) after the intervention (Table 2).
The mean duration of mothers scrubbing hands was 18 s

at baseline. The mean duration increased in all the groups

after the intervention: 22 s in simple, 26 s in moderate and

31 s in complex groups. On average, 80% of mothers dried

hands at baseline and among them, 11% dried hands by

waving in the air, 48% used their own clothing, and 16.5%

used cloths other than clothing for drying. After the interven-

tion, an average 92% of mothers dried hands and among

them, 47% dried hands in the air, 24% used their own cloth-

ing, and 23% used cloths other than clothing (Table S1,

available with the online version of this paper).

When we evaluated handwashing procedure replication

to the moderate and complex instruction sets without

inclusion of the air drying step, 88–98% of mothers in the



Figure 2 | Compliance with handwashing procedure replication (Handwashing procedure

replication was defined as the ability to reproduce the full set of prescribed

instructions provided to the respondents after the baseline data collection.) to

handwashing instructions in different instruction sets and in different time

periods without air drying among the mothers at Mohammadpur, Dhaka,

Bangladesh, 2010. *There was a significant increase in handwashing adher-

ences after the intervention in all follow-up visits compared to the baseline.
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moderate group recalled all instructions included in the

moderate sets; 84–88% of mothers in the complex group

recalled all instructions included in the complex set during

three follow-up assessments (Figure 2).

Recall of recommended times to wash hands with

increased instruction complexity

At baseline, about 75% of mothers in all three instruction

sets identified ‘before eating’ and ‘after defecation’ as
Table 3 | Compliance with handwashing procedure replication to four recommended handwas

Bangladesh, 2010

Instruction groups

Simple Mod

Handwashing steps

Baseline
N¼ 85
n (%)

Endline
N¼ 84
n (%)

Differencesa

%

Bas
N¼
n (%

Before preparing food 29 (34) 79 (93) 59b 21

Before eating 63 (74) 81 (95) 21b 58

After cleaning child’s anus 24 (28) 74 (87) 59b 16

After defecation 66 (78) 79 (93) 15 (0.006) 57

aDifferences between handwashing procedure replication measured at baseline and after 2 we
bProportion differences are statistically significant with P-value <0.001.
cProportion differences are statistically significant with P-value <0.005.
times at which they should wash hands with soap. About

30% recalled ‘before preparing food’ and less than 30%

noted ‘after cleaning a child’s anus’ as times to wash

hands. Among four recommended handwashing key

times, recall of three handwashing key times (before

preparing food, before eating, and after cleaning child’s

anus) were significantly increased in simple and moderate

groups after the intervention compared to baseline. Recall

of all four handwashing key times was increased among the

mothers from the complex group [proportional differences:

before preparing food¼ 57 (p< 0.001), before eating¼ 25

(p� 0.001), after cleaning child’s anus¼ 50 (p< 0.001)

and after defecatio n¼ 16 (p< 0.005)] (Table 3).

Effects of instruction complexity on recall to handwash-

ing complexity and recall of recommended times to

wash hands were similar among children as among mothers

(Supplementary Information, available online).
DISCUSSION

Increasingly complex handwashing instructions did not

reduce the ability of mothers of young children or children

aged 5–10 years to reproduce the full set of instructions pre-

scribed to them, or the recall of recommended times for

handwashing. Our study evaluated the recall of prescribed

handwashing instructions for 2-week time periods. Although

most of the respondents reproduced complex instructions

(except hand drying (38%)) during handwashing
hing times among the mothers in different intervention groups at Mohammadpur, Dhaka,

erate Complex

eline
75
)

Endline
N¼ 75
n (%)

Differencesa

%

Baseline
N¼ 84
n (%)

Endline
N¼ 83
n (%)

Differencesa

%

(28) 72 (96) 68b 28 (33) 76 (90) 57b

(77) 74 (99) 22b 61 (73) 82 (98) 25b

(21) 62 (83) 62b 21 (25) 65 (77) 52b

(76) 66 (88) 12 (0.056) 65 (77) 78 (93) 16c

eks of intervention (endline).
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demonstrations after 2 weeks of intervention, this short-term

recall may or may not be maintained or translated into

improved handwashing practice. Memorizing multiple

items for a short duration engages working memory

(Baddeley & Hitch ), and such information may only

be held temporarily in the brain (Miyake & Shah ).

Working memory does not store larger amounts of infor-

mation (i.e., six or nine handwashing steps) as effectively

and may not translate this information into long-term

memory (Baddeley ). Studies have also suggested that

it is easy to hold fewer than seven items in the brain, but

once it reaches seven and beyond, it becomes difficult for

the respondents to recall (Miller ; Saaty & Ozdemir

). In our study, we used three handwashing regimens

based on those used in public health communications: a

simple (three-item) list is easy to remember; a moderate

(six-item) list, and a complex (nine-item) list. The simple

three-item list may have been more easily retained in

short-term memory and with repetition this memory may

translate into routine handwashing practice. But when

presented with the nine-item list, participants might have

difficulty retaining the nine items in their short-term

memory. There is sparse literature on the effects of different

levels of regimen complexity on hand contamination. A

recent hospital-based randomized hand hygiene study in

the United Kingdom found that the WHO-recommended

complex six-step hand rubbing technique with alcohol-

based handrub was more effective in removing the bacterial

load from hands compared to the CDC-recommended

simple three-step technique (Reilly et al. ).

One approach to overcome the complexity associated

with increasingly complex six- or nine-step regimens might

be ‘chunking’ or grouping multiple items (Neath & Surpre-

nant ). For example, the complex set of handwashing

instructions we used in this study (nine-item) could be

chunked into three groups of steps: Group 1: lathering;

Group 2: scrubbing; and Group 3: rinsing and drying. The

chunking strategy may facilitate retention in short-term

memory and transfer to working memory (Curtis et al.

). These chunk groups are repeated over and over

through long-term interventions until all the relevant

neural systems work together to automatically produce

these handwashing steps and to transfer the information

into long-term memory (Butler ; Karpicke ).
Much of the low compliance to moderate and complex

instructions is due to the low recall to a single step, air

drying of hands (46% in both groups). This result is consist-

ent with a community-based handwashing evaluation in

rural Bangladesh, which found that, during observation,

only 22% of the women dried their hands in the air

(Hoque ). A qualitative study in Kenya also suggested

that most of the women either do not dry their hands or if

they do, generally dry them on their own clothing (Person

et al. ).

Since hand drying in the air is infrequently practiced in

Bangladesh and elsewhere, we should consider how impor-

tant it is to retain this instruction in order to ensure that

hands are microbiologically clean. A hand-drying compari-

son study conducted in the United States evaluated the

ability of four different drying methods (cloth towels,

paper towels, warm forced air from hand dryer, and spon-

taneous room air evaporation) to prevent recontamination

during the drying process from washed hands, but did not

find significant differences between the four hand-drying

methods (Gustafson et al. ). A recent hospital-based

handwashing study in the United Kingdom suggested that

hand drying with a paper towel more effectively prevents

microbial recontamination compared to using an electric

air-dryer (Best Parnell & Wilcox ). A further study

suggested that air drying might facilitate microbial cross-

contamination (Huang et al. ). In addition, hand

drying with air takes more time than using a paper towel

and may lead to increased contact time between the micro-

organism and wet hands (Patrick et al. ; Merry et al.

). Mothers in urban communities in Bangladesh already

spend substantial time carrying out household tasks (Han-

chett et al. ; Person et al. ) and might be unwilling

to spend the additional time for drying hands by waving in

the air. Our data suggested that the respondents practiced

hand drying using their own clothing, as found previously

(Hoque ). Hand drying with cloths increased during

follow-up visits (12% at baseline and 20% at follow-up

visits) even though this step was not promoted by the field-

workers. A recent community-based study in Zimbabwe

found that drying hands by rubbing on clothes or a clean

towel significantly reduced E. coli contamination of hands

after washing (Friedrich et al. ). Thus, there may be mini-

mal benefits realized by promoting a specific air-drying step



425 N. Amin et al. | Complexity of handwashing instructions in low-income urban slums Journal of Water, Sanitation and Hygiene for Development | 09.3 | 2019
for handwashing. Future community-based handwashing

interventions should evaluate the effect of using clean cloth-

ing for hand drying for better handwashing compliances and

improved hand hygiene.

There are important limitations to this study. First, we

used supervised handwashing regimens with pre-specified

handwashing techniques (Hoque et al. ) and measured

the ability to recall prescribed handwashing instructions.

The community members may not practice all nine complex

handwashing steps in practice, when not observed directly,

even though they demonstrate the handwashing steps to

the fieldworkers. Observation and self-reported data gener-

ally exaggerate socially desirable behaviors, which may

bias the results (Danquah ; Ram ). Secondly, our

study was conducted in an urban slum of Dhaka, and results

from this study may not take into account contexts in other

settings; we have not explored locations with different water

and soap availability found to impact handwashing behavior

(Halder et al. ). Our study did not explore the

association between individual household facilities and

handwashing behavior that other studies in Bangladesh

have evaluated (Luby & Halder ; Rabbi & Dey ).

We found that handwashing facilities (presence of hand-

washing station¼ 95–96%, any soap and water together¼
30–44%) (Table 1) in our study area were similar to the

nationally represented data (presence of handwashing

station¼ 82%, any soap and water together¼ 40%). The

study area we selected represents other low-income commu-

nities of Dhaka only, and our results may not be applicable

to other settings. Field studies in other settings could vali-

date these results. Third, our study did not evaluate overall

handwashing behaviors but a demonstration of different

handwashing steps and recall of key times to wash hands

among a low-income urban neighborhood of Dhaka city.

Our result provides insight on the degree of the complexity

of handwashing instructions that can feasibly be included in

interventions. There are numerous physical and psychoso-

cial drivers of behavior; knowledge of how to wash hands

is only one of them (globalhandwashing.org ). This

may ultimately help us to understand the ability of commu-

nity members to adhere to hand hygiene when provided

with different instruction sets, but does not address other

important behavioral, contextual, or psychological aspects

of handwashing (WaterAid ). Finally, the study was
conducted nearly a decade ago, but we believe that the

results of this study are still relevant. Our results point to

potential limitations of complex handwashing instructions

in community settings, and which step(s) of complex and

moderately complex handwashing instructions should be

accentuated more during the handwashing promotions for

better adherence. Even though there has been some work

on microbiological effectiveness of different handwashing

regimens in low-income settings (Amin et al. ; Friedrich

et al. ; Tschudin-Sutter et al. ), there are no data

available during the period between the data collection

and this publication that address the relationship between

the handwashing instruction complexity and the handwash-

ing procedure replication or recall of key times.

Changing handwashing behavior is complex and

depends on many factors including the availability and

affordability of handwashing products, shame and disgust

feelings of an individual, motivation, emotion and habit in

the light of emerging developments in psychology, anthro-

pology, and marketing (Curtis et al. ). Our study

concluded that simple handwashing steps are easier to

remember for long time periods compared to complex

steps. Complex handwashing instructions, such as those

suggested by UNICEF (), may not be achieved (Reilly

et al. ). It is important to continue to improve our under-

standing of the drivers of handwashing behavior (Biran et al.

) to achieve better handwashing compliances and

improved hand hygiene.
ACKNOWLEDGEMENTS

We are grateful to the study participants for their valuable

time. We also thank our data collectors and field

supervisors for their field activities. This research protocol

was funded by the United States Agency for

International Development (USAID) and The Mark

Diamond Research Foundation at the University at

Buffalo. icddr,b acknowledges with gratitude the

commitment of USAID and The Mark Diamond

Research Foundation to their research efforts. icddr,b is

also thankful to the Governments of Bangladesh,

Canada, Sweden and the United Kingdom for providing

core/unrestricted support. The authors gratefully



426 N. Amin et al. | Complexity of handwashing instructions in low-income urban slums Journal of Water, Sanitation and Hygiene for Development | 09.3 | 2019
acknowledge Astrid Dier and Peter Winch for their

thoughtful guidance and review of the manuscript.
REFERENCES
Amin, N., Pickering, A. J., Ram, P. K., Unicomb, L., Najnin, N.,
Homaira, N., Ashraf, S., Abedin, J., Islam, M. S. & Luby, S. P.
Microbiological evaluation of the efficacy of soapy water
to clean hands: a randomized, non-inferiority field trial. Am.
J. Trop. Med. Hyg. 91 (2), 415–423.

Baddeley, A.  Working memory: looking back and looking
forward. Nat. Rev. Neurosci. 4, 829–839.

Baddeley, A. D. & Hitch, G.  Working memory. In:
Psychology of Learning and Motivation, Vol. 8
(G. H. Bower, ed.). Academic Press, New York, pp. 47–89.

BBS  Population Census: Household, Population, Sex Ratio
and Literacy Rate – 2001. Available from: http://www.bbs.
gov.bd/PageReportLists.aspx?PARENTKEY¼ 41 (accessed
16 September 2014).

Best, E. L., Parnell, P. & Wilcox, M. H.  Microbiological
comparison of hand-drying methods: the potential for
contamination of the environment, user, and bystander.
J. Hosp. Infect. 88 (4), 199–206.

Bowen, A., Ma, H., Ou, J., Billhimer, W., Long, T., Mintz, E.,
Hoekstra, R. M. & Luby, S. P.  A cluster-randomized
controlled trial evaluating the effect of a handwashing-
promotion program in Chinese primary schools. Am. J. Trop.
Med. Hyg. 76 (6), 1166–1173.

Biran, A., Schmidt, W.-P., Varadharajan, K. S., Rajaraman, D.,
Kumar, R., Greenland, K., Gopalan, B., Aunger, R. & Curtis,
V.  Effect of a behaviour-change intervention on
handwashing with soap in India (SuperAmma): a cluster-
randomised trial. Lancet Glob. Health 2 (3), e145–e154.

Butler, A. C.  Repeated testing produces superior transfer of
learning relative to repeated studying. J. Exp. Psychol. Learn.
Mem. Cogn. 36 (5), 1118–1133.

Cairncross, S. & Valdmanis, V.  Water Supply, Sanitation,
and Hygiene Promotion. Oxford University Press. World
Bank, New York. Available from: https://www.ncbi.nlm.nih.
gov/pubmed/21250333 (accessed 20 August 2017).

CDC Handwashing: Clean Hands Save Lives. Available from:
http://www.cdc.gov/handwashing/when-how-handwashing.
html (accessed 12 July 2015).

CDC Handwashing: Clean Hands Save Lives. Available from:
http://www.cdc.gov/handwashing/ (accessed19October 2016).

Chowdhury, F., Rahman, M. A., Begum, Y. A., Khan, A. I.,
Faruque, A. S., Saha, N. C., Baby, N. I., Malek, M. A., Kumar,
A. R., Svennerholm, A. M., Pietroni, M., Cravioto, A. &
Qadri, F.  Impact of rapid urbanization on the rates of
infection by Vibrio cholerae O1 and enterotoxigenic
Escherichia coli in Dhaka, Bangladesh. PLoS Negl. Trop. Dis.
5 (4), e999.
Curtis, V. A., Danquah, L. O. & Aunger, R. V.  Planned,
motivated and habitual hygiene behaviour: an eleven country
review. Health Educ. Res. 24 (4), 655–673.

Curtis, K., Fry, M., Shaban, R. Z. & Considine, J.  Translating
research findings to clinical nursing practice. J. Clin. Nurs. 26
(5–6), 862–872.

Danquah, L. O.  Measuring Hand Washing Behaviour:
Methodological and Validity Issues: Paper Presented at the
South Asia Hygiene Practitioners Workshop. Dhaka,
Bangladesh. Available from: https://www.ircwash.org/
resources/measuring-hand-washing-behaviour-
methodological-and-validity-issues-paper-presented-south
(accessed 20 August 2017).

Dutton, P., Peschiera, R. F. & Nguyen, N. K.  The Power of
Primary Schools to Change and Sustain Handwashing with
Soap among Children: the Cases of Vietnam and Peru. World
Bank’s Water and Sanitation Program, Lima, Peru, pp. 1–20.

Fewtrell, L., Kaufmann, R. B., Kay, D., Enanoria, W., Haller, L. &
Colford, J. M.  Water, sanitation, and hygiene
interventions to reduce diarrhoea in less developed
countries: a systematic review and meta-analysis. Lancet
Infect. Dis. 5 (1), 42–52.

Freeman, M. C., Stocks, M. E., Cumming, O., Jeandron, A.,
Higgins, J. P., Wolf, J., Pruss-Ustun, A., Bonjour, S., Hunter,
P. R., Fewtrell, L. & Curtis, V.  Hygiene and health:
systematic review of handwashing practices worldwide and
update of health effects. Trop. Med. Int. Health 19 (8),
906–916.

Friedrich, M. N., Julian, T. R., Kappler, A., Nhiwatiwa, T. &
Mosler, H. J.  Handwashing, but how? Microbial
effectiveness of existing handwashing practices in high-
density suburbs of Harare, Zimbabwe. Am. J. Infect. Control.
45 (3), 228–233.

Fuls, J. L., Rodgers, N. D., Fischler, G. E., Howard, J. M., Patel, M.,
Weidner, P. L. & Duran, M. H.  Alternative hand
contamination technique to compare the activities of
antimicrobial and nonantimicrobial soaps under different
test conditions. Am. Soc. Microbiol. 74 (12), 3739–3374.

globalhandwashing.org  Project Implementation | The Global
Handwashing Partnership. Available from: https://
globalhandwashing.org/about-handwashing/promote-
handwashing/project/ (accessed 5 February 2018).

Gustafson, D. R., Vetter, E. A., Larson, D. R., Ilstrup, D. M.,
Maker, M. D., Thompson, R. L. & Cockerill, F. R. 3rd. 
Effects of 4 hand-drying methods for removing bacteria from
washed hands: a randomized trial. Mayo Clin. Proc. 75 (7),
705–708.

Halder, A. K., Tronchet, C., Akhter, S., Bhuiya, A., Johnston, R. &
Luby, S. P.  Observed hand cleanliness and other
measures of handwashing behavior in rural Bangladesh.
BMC Public Health 10 (1), 545.

Hanchett, S., Akhter, S., Khan, M. H., Mezulianik, S. &
Blagbrough, V.  Water, sanitation and hygiene in
Bangladeshi slums: an evaluation of the WaterAid–
Bangladesh urban programme. Environ. Urban. 15 (2), 43–56.

http://dx.doi.org/10.4269/ajtmh.13-0475
http://dx.doi.org/10.4269/ajtmh.13-0475
http://dx.doi.org/10.1038/nrn1201
http://dx.doi.org/10.1038/nrn1201
http://www.bbs.gov.bd/PageReportLists.aspx?PARENTKEY=41
http://www.bbs.gov.bd/PageReportLists.aspx?PARENTKEY=41
http://www.bbs.gov.bd/PageReportLists.aspx?PARENTKEY=41
http://www.bbs.gov.bd/PageReportLists.aspx?PARENTKEY=41
http://dx.doi.org/10.1016/j.jhin.2014.08.002
http://dx.doi.org/10.1016/j.jhin.2014.08.002
http://dx.doi.org/10.1016/j.jhin.2014.08.002
http://dx.doi.org/10.4269/ajtmh.2007.76.1166
http://dx.doi.org/10.4269/ajtmh.2007.76.1166
http://dx.doi.org/10.4269/ajtmh.2007.76.1166
http://dx.doi.org/10.1016/S2214-109X(13)70160-8
http://dx.doi.org/10.1016/S2214-109X(13)70160-8
http://dx.doi.org/10.1016/S2214-109X(13)70160-8
http://dx.doi.org/10.1037/a0019902
http://dx.doi.org/10.1037/a0019902
https://www.ncbi.nlm.nih.gov/pubmed/21250333
https://www.ncbi.nlm.nih.gov/pubmed/21250333
https://www.ncbi.nlm.nih.gov/pubmed/21250333
http://www.cdc.gov/handwashing/when-how-handwashing.html
http://www.cdc.gov/handwashing/when-how-handwashing.html
http://www.cdc.gov/handwashing/when-how-handwashing.html
http://www.cdc.gov/handwashing/
http://www.cdc.gov/handwashing/
http://dx.doi.org/10.1371/journal.pntd.0000999
http://dx.doi.org/10.1371/journal.pntd.0000999
http://dx.doi.org/10.1371/journal.pntd.0000999
http://dx.doi.org/10.1093/her/cyp002
http://dx.doi.org/10.1093/her/cyp002
http://dx.doi.org/10.1093/her/cyp002
http://dx.doi.org/10.1111/jocn.13586
http://dx.doi.org/10.1111/jocn.13586
https://www.ircwash.org/resources/measuring-hand-washing-behaviour-methodological-and-validity-issues-paper-presented-south
https://www.ircwash.org/resources/measuring-hand-washing-behaviour-methodological-and-validity-issues-paper-presented-south
https://www.ircwash.org/resources/measuring-hand-washing-behaviour-methodological-and-validity-issues-paper-presented-south
https://www.ircwash.org/resources/measuring-hand-washing-behaviour-methodological-and-validity-issues-paper-presented-south
http://dx.doi.org/10.1016/S1473-3099(04)01253-8
http://dx.doi.org/10.1016/S1473-3099(04)01253-8
http://dx.doi.org/10.1016/S1473-3099(04)01253-8
http://dx.doi.org/10.1111/tmi.12339
http://dx.doi.org/10.1111/tmi.12339
http://dx.doi.org/10.1111/tmi.12339
http://dx.doi.org/10.1016/j.ajic.2016.06.035
http://dx.doi.org/10.1016/j.ajic.2016.06.035
http://dx.doi.org/10.1016/j.ajic.2016.06.035
https://globalhandwashing.org/about-handwashing/promote-handwashing/project/
https://globalhandwashing.org/about-handwashing/promote-handwashing/project/
https://globalhandwashing.org/about-handwashing/promote-handwashing/project/
https://globalhandwashing.org/about-handwashing/promote-handwashing/project/
http://dx.doi.org/10.1016/S0025-6196(11)64617-X
http://dx.doi.org/10.1016/S0025-6196(11)64617-X
http://dx.doi.org/10.1186/1471-2458-10-545
http://dx.doi.org/10.1186/1471-2458-10-545


427 N. Amin et al. | Complexity of handwashing instructions in low-income urban slums Journal of Water, Sanitation and Hygiene for Development | 09.3 | 2019
Hoque, B. A.  Handwashing practices and challenges in
Bangladesh. Int. J. Environ. Health Res. 13 (Suppl. 1), S81–S87.

Hoque, B. A., Mahalanabis, D., Pelto, B. & Alam, M. J. 
Research methodology for developing efficient handwashing
options: an example from Bangladesh. J. Trop. Med. Hyg.
98 (6), 469–475.

Huang, C., Ma, W. & Stack, S.  The hygienic efficacy of
different hand-drying methods: a review of the evidence.
Mayo Clin. Proc. 87 (8), 791–798.

Hutchins, V., Zhang, B., Fleurence, R. L., Krishnarajah, G. &
Graham, J.  A systematic review of adherence, treatment
satisfaction and costs, in fixed-dose combination regimens in
type 2 diabetes. Curr. Med. Res. Opin. 27 (6), 1157–1168.

icddr,b  Bangladesh National Hygiene Baseline Survey.
Available from: https://www.ircwash.org/resources/
bangladesh-national-hygiene-baseline-survey-preliminary-
report (accessed 21 August 2017).

Jumaa, P. A. Hand hygiene: simple and complex. Int. J. Infect.
Dis. 9 (1), 3–14.

Karpicke, J. D.  A Powerful Way to Improve Learning and
Memory: Practicing Retrieval Enhances Long-Term,
Meaningful Learning. Available from: https://www.apa.org/
science/about/psa/2016/06/learning-memory (accessed 30
March 2019).

Luby, S. P. & Halder, A. K.  Associations among
handwashing indicators, wealth, and symptoms of childhood
respiratory illness in urban Bangladesh. Trop. Med. Int.
Health 13 (6), 835–844.

Luby, S. P., Agboatwalla, M., Feikin, D. R., Painter, J., Billhimer,
W., Altaf, A. & Hoekstra, R. M.  Effect of handwashing
on child health: a randomised controlled trial. Lancet
366 (9481), 225–233.

Luby, S. P., Agboatwalla, M., Bowen, A., Kenah, E., Sharker, Y. &
Hoekstra, R. M.  Difficulties in maintaining improved
handwashing behavior, Karachi, Pakistan. Am. J. Trop. Med.
Hyg. 81 (1), 140–145.

Luby, S. P., Kadir, M. A., Yushuf Sharker, M. A., Yeasmin, F.,
Unicomb, L. & Islam, M. S.  A community-randomised
controlled trial promoting waterless hand sanitizer and
handwashing with soap, Dhaka, Bangladesh. Trop. Med. Int.
Health 15 (12), 1508–1516.

Luby, S. P., Halder, A. K., Huda, T., Unicomb, L. & Johnston, R. B.
 The effect of handwashing at recommended times with
water alone and with soap on child diarrhea in rural
Bangladesh: an observational study.PLoSMed. 8 (6), e1001052.

Merry, A. F., Miller, T. E., Findon, G., Webster, C. S. & Neff, S. P.
 Touch contamination levels during anaesthetic
procedures and their relationship to hand hygiene
procedures: a clinical audit. Br. J. Anaesth. 87 (2), 291–294.

Miller, G. A.  The magical number seven plus or minus two:
some limits on our capacity for processing information.
Psychol. Rev. 63 (2), 81–97.

Miyake, A. & Shah, P.  Models of Working Memory:
Mechanisms of Active Maintenance and Executive Control.
Cambridge University Press, Cambridge, UK.
Neath, I. & Surprenant, A.  Mechanisms of Memory.
Available from: https://memory.psych.mun.ca/pubs/
chapters/reprints/Neath%20&%20Surprenant%20(2005).
pdf (accessed 20 March 2018).

Nizame, F. A., Unicomb, L., Sanghvi, T., Roy, S., Nuruzzaman, M.,
Ghosh, P. K., Winch, P. J. & Luby, S. P.  Handwashing
before food preparation and child feeding: a missed
opportunity for hygiene promotion. Am. J. Trop. Med. Hyg.
89 (6), 1179–1185.

Patrick, D. R., Findon, G. & Miller, T. E.  Residual moisture
determines the level of touch-contact-associated bacterial
transfer following hand washing. Epidemiol. Infect. 119 (3),
319–325.

Paul, R. C., Faruque, A. S. G., Alam, M., Iqbal, A., Zaman, K.,
Islam, N., Sobhan, A., Das, S. K., Malek, M. K., Qadri, F. &
Luby, S. P.  Incidence of severe diarrhoea due to Vibrio
cholerae in the catchment area of six surveillance hospitals in
Bangladesh. Epidemiol. Infect. 144 (5), 927–939.

Person, B., Schilling, K., Owuor, M., Ogange, L. & Quick, R. 
A qualitative evaluation of hand drying practices among
Kenyans. PLoS One 8 (9), e74370.

Piaggio, G., Elbourne, D. R., Pocock, S. J., Evans, S. J., Altman,
D. G. & Group, C.  Reporting of noninferiority and
equivalence randomized trials: extension of the CONSORT
2010 statement. JAMA 308 (24), 2594–2604. doi:10.1001/
jama.2012.87802.

Pickering, A. J., Boehm, A. B., Mwanjali, M. & Davis, J. 
Efficacy of waterless hand hygiene compared with
handwashing with soap: a field study in Dar es Salaam,
Tanzania. Am. J. Trop. Med. Hyg. 82 (2), 270–278.

Price, L., McLarrnon, N. & Cuthbertson, L.  A Systematic
Review of the Evidence for Ayliffe’s Six Step Hand Hygiene
TechniqueUsedbyHealthcareWorkers. JoannaBriggs Institute
Library. http://www.joannabriggslibrary.org/index.php/
jbisrir/article/viewFile/412/798 (accessed 27 February 2016).

Rabbi, S. E. & Dey, N. C.  Exploring the gap between hand
washing knowledge and practices in Bangladesh: a cross-
sectional comparative study. BMC Public Health 13, 89–89.

Ram, P. K.  Practical Guidance for Measuring Handwashing
Behavior.WorldBankWaterandSanitationProgram.Available
from: https://www.wsp.org/sites/wsp.org/files/publications/
WSP-Practical-Guidance-Measuring-Handwashing-Behavior-
2013-Update.pdf (accessed 21 August 2017).

Ram, P. K., Jahid, I., Halder, A. K., Nygren, B., Islam, M. S.,
Granger, S. P., Molyneaux, J. W. & Luby, S. P.  Variability
in hand contamination based on serial measurements:
implications for assessment of hand-cleansing behavior and
disease risk. Am. J. Trop. Med. Hyg. 84 (4), 510–516.

Reilly, J. S., Price, L., Lang, S., Robertson, C., Cheater, F., Skinner,
K. & Chow, A.  A pragmatic randomized controlled trial
of 6-step vs 3-step hand hygiene technique in acute hospital
care in the United Kingdom. Infect. Control. Hosp.
Epidemiol. 37 (6), 661–666.

Ricci, S.  What does ‘non-inferior to’ really mean?
Cerebrovasc. Dis. 29 (6), 607–608.

http://dx.doi.org/10.1080/0960312031000102831
http://dx.doi.org/10.1080/0960312031000102831
http://dx.doi.org/10.1016/j.mayocp.2012.02.019
http://dx.doi.org/10.1016/j.mayocp.2012.02.019
http://dx.doi.org/10.1185/03007995.2011.570745
http://dx.doi.org/10.1185/03007995.2011.570745
http://dx.doi.org/10.1185/03007995.2011.570745
https://www.ircwash.org/resources/bangladesh-national-hygiene-baseline-survey-preliminary-report
https://www.ircwash.org/resources/bangladesh-national-hygiene-baseline-survey-preliminary-report
https://www.ircwash.org/resources/bangladesh-national-hygiene-baseline-survey-preliminary-report
https://www.ircwash.org/resources/bangladesh-national-hygiene-baseline-survey-preliminary-report
http://dx.doi.org/10.1016/j.ijid.2004.05.005
https://www.apa.org/science/about/psa/2016/06/learning-memory
https://www.apa.org/science/about/psa/2016/06/learning-memory
https://www.apa.org/science/about/psa/2016/06/learning-memory
http://dx.doi.org/10.1111/j.1365-3156.2008.02074.x
http://dx.doi.org/10.1111/j.1365-3156.2008.02074.x
http://dx.doi.org/10.1111/j.1365-3156.2008.02074.x
http://dx.doi.org/10.1016/S0140-6736(05)66912-7
http://dx.doi.org/10.1016/S0140-6736(05)66912-7
http://dx.doi.org/10.4269/ajtmh.2009.81.140
http://dx.doi.org/10.4269/ajtmh.2009.81.140
http://dx.doi.org/10.1111/j.1365-3156.2010.02648.x
http://dx.doi.org/10.1111/j.1365-3156.2010.02648.x
http://dx.doi.org/10.1111/j.1365-3156.2010.02648.x
http://dx.doi.org/10.1371/journal.pmed.1001052
http://dx.doi.org/10.1371/journal.pmed.1001052
http://dx.doi.org/10.1371/journal.pmed.1001052
http://dx.doi.org/10.1093/bja/87.2.291
http://dx.doi.org/10.1093/bja/87.2.291
http://dx.doi.org/10.1093/bja/87.2.291
http://dx.doi.org/10.1037/h0043158
http://dx.doi.org/10.1037/h0043158
https://memory.psych.mun.ca/pubs/chapters/reprints/Neath&percnt;20&&percnt;20Surprenant&percnt;20(2005).pdf
https://memory.psych.mun.ca/pubs/chapters/reprints/Neath&percnt;20&&percnt;20Surprenant&percnt;20(2005).pdf
https://memory.psych.mun.ca/pubs/chapters/reprints/Neath&percnt;20&&percnt;20Surprenant&percnt;20(2005).pdf
https://memory.psych.mun.ca/pubs/chapters/reprints/Neath&percnt;20&&percnt;20Surprenant&percnt;20(2005).pdf
http://dx.doi.org/10.4269/ajtmh.13-0434
http://dx.doi.org/10.4269/ajtmh.13-0434
http://dx.doi.org/10.4269/ajtmh.13-0434
http://dx.doi.org/10.1017/S0950268897008261
http://dx.doi.org/10.1017/S0950268897008261
http://dx.doi.org/10.1017/S0950268897008261
http://dx.doi.org/10.1017/S0950268815002174
http://dx.doi.org/10.1017/S0950268815002174
http://dx.doi.org/10.1017/S0950268815002174
http://dx.doi.org/10.1371/journal.pone.0074370
http://dx.doi.org/10.1371/journal.pone.0074370
http://dx.doi.org/10.1001/jama.2012.87802
http://dx.doi.org/10.1001/jama.2012.87802
http://dx.doi.org/10.1001/jama.2012.87802
http://dx.doi.org/10.4269/ajtmh.2010.09-0220
http://dx.doi.org/10.4269/ajtmh.2010.09-0220
http://dx.doi.org/10.4269/ajtmh.2010.09-0220
http://www.joannabriggslibrary.org/index.php/jbisrir/article/viewFile/412/798
http://www.joannabriggslibrary.org/index.php/jbisrir/article/viewFile/412/798
http://www.joannabriggslibrary.org/index.php/jbisrir/article/viewFile/412/798
http://dx.doi.org/10.1186/1471-2458-13-89
http://dx.doi.org/10.1186/1471-2458-13-89
http://dx.doi.org/10.1186/1471-2458-13-89
https://www.wsp.org/sites/wsp.org/files/publications/WSP-Practical-Guidance-Measuring-Handwashing-Behavior-2013-Update.pdf
https://www.wsp.org/sites/wsp.org/files/publications/WSP-Practical-Guidance-Measuring-Handwashing-Behavior-2013-Update.pdf
https://www.wsp.org/sites/wsp.org/files/publications/WSP-Practical-Guidance-Measuring-Handwashing-Behavior-2013-Update.pdf
https://www.wsp.org/sites/wsp.org/files/publications/WSP-Practical-Guidance-Measuring-Handwashing-Behavior-2013-Update.pdf
http://dx.doi.org/10.4269/ajtmh.2011.10-0299
http://dx.doi.org/10.4269/ajtmh.2011.10-0299
http://dx.doi.org/10.4269/ajtmh.2011.10-0299
http://dx.doi.org/10.4269/ajtmh.2011.10-0299
http://dx.doi.org/10.1017/ice.2016.51
http://dx.doi.org/10.1017/ice.2016.51
http://dx.doi.org/10.1017/ice.2016.51
http://dx.doi.org/10.1159/000312869


428 N. Amin et al. | Complexity of handwashing instructions in low-income urban slums Journal of Water, Sanitation and Hygiene for Development | 09.3 | 2019
Saaty, T. L. & Ozdemir, M. S.  Why the magic number
seven plus or minus two. Math. Comput. Model. 38 (3),
233–244.

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 Plan 22 (4),
225–233.

Stanton, B. F. & Clemens, J. D.  An educational intervention
for altering water-sanitation behaviors to reduce childhood
diarrhea in urban Bangladesh. II. A randomized trial to
assess the impact of the intervention on hygienic behaviors
and rates of diarrhea. Am. J. Epidemiol. 125 (2), 292–301.

Stone, V. E., Hogan, J. W., Schuman, P., Rompalo, A. M., Howard,
A. A., Korkontzelou, C. & Smith, D. K.  Antiretroviral
regimen complexity, self-reported adherence, and HIV
patients’ understanding of their regimens: survey of women in
the her study. J. Acquir. Immune Defic. Syndr. 28 (2), 124–131.

The Joint Commission Mission  Measuring Hand Hygiene
Adherence: Overcoming the Challenges. Available from:
http://www.jointcommission.org/assets/1/18/
hh_monograph.pdf (accessed 5 October 2015).

Tschudin-Sutter, S., Sepulcri, D., Dangel, M., Schuhmacher, H. &
Widmer, A. F.  Compliance with the World Health
Organization hand hygiene technique: a prospective
observational study. Infect. Control. Hosp. Epidemiol. 36 (4),
482–483.
Tschudin-Sutter, S., Rotter, M. L., Frei, R., Nogarth, D.,
Häusermann, P., Stranden, A., Pitted, D. & Widmer, A. F.
 Simplifying the WHO ‘how to hand rub’ technique:
three steps are as effective as six – results from an
experimental randomized crossover trial. Clin. Microbiol.
Infect. 23 (6), e401–e409.

UNICEF  WASH for School Children: State-of -the art in
Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal,
Pakistan and Sri Lanka.

UNICEF  Global Handwashing Day: Planner’s Guide. Global
Handwashing Partnership, pp. 1–80.

WaterAid  Approaches to Promoting Behaviour Change
Around Handwashing-with-Soap. Available from: http://
www.susana.org/_resources/documents/default/3-2767-123-
1494434085.pdf (accessed 1 March 2018).

WHO  Preventing Diarrhoea Through Better Water, Sanitation
and Hygiene: Exposures and Impacts in Low- and Middle-
Income Countries. WHO Press, World Health Organization,
Geneva, Switzerland.

WHO  Clean Hands Protect Against Infection. Available from:
http://www.who.int/gpsc/clean_hands_protection/en/
(accessed 5 October 2015).

WSP  Children’s Learning; Water and Sanitation Program.
Available from: http://www.wsp.org/Hygiene-Sanitation-
Water-Toolkit/BasicPrinciples/ChildrensLearning.html
(accessed 8 April 2015).
First received 27 August 2017; accepted in revised form 18 May 2019. Available online 10 June 2019

http://dx.doi.org/10.1016/S0895-7177(03)90083-5
http://dx.doi.org/10.1016/S0895-7177(03)90083-5
http://dx.doi.org/10.1093/heapol/czm016
http://dx.doi.org/10.1093/heapol/czm016
http://dx.doi.org/10.1093/oxfordjournals.aje.a114529
http://dx.doi.org/10.1093/oxfordjournals.aje.a114529
http://dx.doi.org/10.1093/oxfordjournals.aje.a114529
http://dx.doi.org/10.1093/oxfordjournals.aje.a114529
http://dx.doi.org/10.1093/oxfordjournals.aje.a114529
http://dx.doi.org/10.1097/00126334-200110010-00003
http://dx.doi.org/10.1097/00126334-200110010-00003
http://dx.doi.org/10.1097/00126334-200110010-00003
http://dx.doi.org/10.1097/00126334-200110010-00003
http://www.jointcommission.org/assets/1/18/hh_monograph.pdf
http://www.jointcommission.org/assets/1/18/hh_monograph.pdf
http://www.jointcommission.org/assets/1/18/hh_monograph.pdf
http://dx.doi.org/10.1017/ice.2014.82
http://dx.doi.org/10.1017/ice.2014.82
http://dx.doi.org/10.1017/ice.2014.82
http://dx.doi.org/10.1016/j.cmi.2016.12.030
http://dx.doi.org/10.1016/j.cmi.2016.12.030
http://dx.doi.org/10.1016/j.cmi.2016.12.030
http://www.susana.org/_resources/documents/default/3-2767-123-1494434085.pdf
http://www.susana.org/_resources/documents/default/3-2767-123-1494434085.pdf
http://www.susana.org/_resources/documents/default/3-2767-123-1494434085.pdf
http://www.who.int/gpsc/clean_hands_protection/en/
http://www.who.int/gpsc/clean_hands_protection/en/
http://www.wsp.org/Hygiene-Sanitation-Water-Toolkit/BasicPrinciples/ChildrensLearning.html
http://www.wsp.org/Hygiene-Sanitation-Water-Toolkit/BasicPrinciples/ChildrensLearning.html
http://www.wsp.org/Hygiene-Sanitation-Water-Toolkit/BasicPrinciples/ChildrensLearning.html

	0090416.pdf
	Effects of complexity of handwashing instructions on handwashing procedure replication in low-income urban slums in Bangladesh: a randomized non-inferiority field trial
	INTRODUCTION
	METHODS
	Study site
	Enrolment of the study population
	Data collection and intervention delivery

	DATA ANALYSIS
	ETHICS
	RESULTS
	Baseline characteristics of the participants
	Handwashing procedure replication by mothers
	Recall of recommended times to wash hands with increased instruction complexity

	DISCUSSION
	We are grateful to the study participants for their valuable time. We also thank our data collectors and field supervisors for their field activities. This research protocol was funded by the United States Agency for International Development (USAID) and The Mark Diamond Research Foundation at the University at Buffalo. icddr,b acknowledges with gratitude the commitment of USAID and The Mark Diamond Research Foundation to their research efforts. icddr,b is also thankful to the Governments of Bangladesh, Canada, Sweden and the United Kingdom for providing core/unrestricted support. The authors gratefully acknowledge Astrid Dier and Peter Winch for their thoughtful guidance and review of the manuscript.
	REFERENCES



