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The first edition of “Practical Guidance for Measuring Handwashing Behavior” was published by the Water and Sanitation 

Program in 2010. There has been substantial research relevant to handwashing behavior measurement since the previous 

publication. Based on the substantial continued interest in measuring handwashing behavior among researchers and 

practitioners alike, we present here the first update to this document. We have updated the format to address the validity 

of each measure as compared with other handwashing measures and health outcomes, potential for bias or data collection 

errors, use in evaluating handwashing programs, as well as the bottom line for researchers and practitioners. 
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Executive Summary

ogy may eventually be useful for measuring household en-
vironmental contamination. 

Structured observations have been used frequently in the 
handwashing literature. These observations require trained 
observers to watch and record household handwashing and 
related behaviors, and yield details about handwashing at 
critical times, such as after defecation. Handwashing behav-
ior, as recorded during structured observation, has been asso-
ciated with disease risk. However, individuals are reactive to 
the presence of an outside observer. While the reactivity gen-
erated by structured observation warrants caution, structured 
observations remain a cornerstone of handwashing measure-
ment because of the rich details yielded by them.

Sensors have been used in several studies to provide an ob-
jective record of the number and timing of soap-use events. 
A variety of sensors have been tested in research studies in-
cluding accelerometers embedded in bars of soap, infrared 
sensors at entries to restrooms coupled with monitoring of 
liquid soap use, and radiofrequency-controlled transmitters 
worn by subjects with readers at handwashing locations. 
The use of sensor technology is promising in select settings, 
despite facing several challenges: These methods are rela-
tively expensive, because of specialized hardware and per-
sonnel costs for analysis of sensor-elicited data. In addition, 
some of the sensor methods do not generate respondent-
specific information and some do not inform about rates of 
handwashing with soap at critical times, such as after def-
ecation. In spite of these caveats, sensor-based handwash-
ing measurement yields objectivity and reliability and, thus, 
further evaluation is clearly warranted. 

Based on these assessments, the following recommenda-
tions are made for various types of studies carried out in 
low- and middle-income countries, including well-funded 

projects, projects with minimal funding, and mixed-
purpose, large population-based surveys. 

For well-funded projects, the most rigorous methods should 
be used. Structured observations and rapid observations 

In low- and middle-income settings, accurate measures of 
handwashing behavior are critical to understanding house-
holds’ health environment. But it can be challenging to 
measure handwashing. This document discusses a set of 
handwashing indicators and recommendations prepared to 
support the Water and Sanitation Program’s Global Scal-
ing Up Handwashing project carried out in four countries. 
Descriptions of these measures, and the recommendations 
for their use (Table 1, page 20), should be of interest to a 
broad audience. 

The following handwashing measures are assessed based on 
their validity, reliability, and efficiency:

Self-reports via questionnaire are the easiest way to measure 
handwashing. Several studies have shown a relationship be-
tween self-reported handwashing behavior and disease risk. 
But, individuals often report better handwashing behavior 
than they display during observation. This exaggeration of 
true behavior may result from a perceived high social desir-
ability of handwashing. Questionnaires remain an impor-
tant source of information about handwashing knowledge 
and other determinants of handwashing behavior.

Rapid observations include several easily collected valid 
and reliable indicators. These include observations on the 
availability of soap and water, the presence of these tools at 
dedicated handwashing stations, and inspections of hand 
cleanliness. While these indicators do not directly indicate 
handwashing behavior, they are currently used as surrogate 
markers because they are reliable and efficient. But evidence 
of how well they predict actual handwashing behavior and 
disease risk is still forthcoming.

Microbiological measures of hand contamination are ob-
jective measures of hand contamination, and consequently 
would seem desirable. However, this is currently a costly 
way to assess hand cleanliness. Large sample sizes may be 
needed to overcome the variability noted in results of hand 
microbiology testing. If the cost of such measurement can 
be decreased and reliability improved, hand microbiol-
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efficient source of household-level handwashing informa-
tion. Rapid observations are markers for actual behavior. 
Self-reports may be used to measure knowledge and other 
possible determinants of handwashing behavior. Minimally 
funded studies that need affordable yet reliable methods to 
monitor handwashing behavior may warrant an investment 
in sample size estimates by a statistician or epidemiologist. 
These investments can frequently pay for themselves, as 
sample needs are frequently much lower than expected. 

For mixed-purpose, large population surveys, such as the 
Demographic and Health Survey (DHS) or the Multiple 
Indicator Cluster Survey (MICS), where handwashing is 
only one of many behaviors of interest, rapid observations 

are recommended as the most efficient method of measur-
ing handwashing behavior.

should be used to obtain objective measures of handwash-
ing. It is assumed that well-funded studies have the resources 
to involve experienced researchers with research and statisti-
cal expertise. Self-reported measures may be used to learn 
about knowledge and other determinants of handwashing. 
Hand contamination and sensor-based measures should 
be considered, as much is still to be learned of them. These 
well-funded studies should also continue to measure health 
outcomes to better document the relationship between hand-
washing promotion and health outcomes, as well as between 
measured handwashing behaviors and health outcomes. 

Studies with minimal funding should consider carrying out 
structured observations in a small sample of households, 
primarily to assess change in behaviors targeted by the 
handwashing intervention. Rapid observations are the most 
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Advocates of promoting handwashing with soap agree 
that this behavior has important health benefits across 
the globe, especially in low- and middle-income countries, 
including for the prevention of diarrhea and acute respi-
ratory infections, such as influenza.1 Efforts, both large-
scale and focused, are underway worldwide to pro-
mote handwashing with soap at the community level 
(www.globalhandwashing.org). Although there is broad 
agreement about the health benefits of promoting hand-
washing with soap, there is not similar agreement about 
the best ways to measure the behavior that these promo-
tion programs set out to change. Most intervention stud-
ies report health outcomes data but they do not provide 
information about effects of the program on handwashing 
behavior.2 Vindigni and colleagues noted that, as of their 
writing, only 27 unique studies carried out in low- and 
middle-income countries had evaluated behavior change 
resulting from handwashing promotion.3 Among these 
27 studies, proxy measures and self-reported behavior were 
commonly used, with only rare use of structured observa-
tions to directly measure handwashing behavior. There is a 
pressing need to appreciate the limitations and challenges 
to these and other methods of measuring handwashing be-
havior, as well as to develop a pragmatic route forward for 
the evaluation of handwashing promotion programs, which 
are increasingly being implemented in dozens of countries 
worldwide. 

The reality is this: there is no universally applicable 
method for measuring handwashing behavior that is 
valid, relevant, affordable, and logistically feasible for the 
various settings in which such behavior might need to be 
measured. The aim of this document is to describe tech-
niques and to propose strategies for measuring hand-
washing behavior in low- and middle-income country 
contexts. 

 

IntroductionI.
Measures of handwashing behavior may be scrutinized with 
respect to the following criteria:

• Validity: “an expression of the degree to which a mea-
surement measures what it purports to measure”4

 The validity of a measure of handwashing may be 
evaluated based on how it compares to other mea-
sures of handwashing. An individual who demon-
strates good handwashing practice, as indicated by 
one measure, may be expected to demonstrate good 
handwashing practice, as indicated by other mea-
sures. For example, self-reported handwashing may 
be compared to directly observed handwashing be-
havior, as measured by structured observation, or 
compared to the presence of handwashing materials 
at designated locations. 

 Since improved health is the ultimate goal of hand-
washing, the validity of a handwashing measure may 
also be assessed by comparing to health outcomes. 
For example, the disease experience of those who 
report washing hands may be compared to the dis-
ease experience of those who do not report washing 
hands. Evaluating a handwashing measure against a 
health outcome, such as diarrhea, provides informa-
tion on whether the handwashing measure is rele-
vant to population health.

• Efficiency: “the effects or end results achieved in 
relation to the effort expended in terms of money, 
resources, and time”5 

All measurement of handwashing is challenged by the 
complexities of this human behavior. An individual may 
wash hands with soap in the context of some critical times 
for pathogen acquisition or transmission, such as after 

1 Curtis 2003; Curtis and Cairncross 2003; Luby et al. 2004; Luby et al. 2005; Rabie and Curtis 2006; Aiello et al. 2008; Talaat et al. 2011.
2 Cairncross et al. 2010.
3 Vindigni et al. 2011.
4 Last 2001.
5 Ibid.
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handwashing behavior. Self-reported, proxy, and directly 
observed measures are described. For each type of measure, 
we present information as available on the validity of the 
measure (as compared to other handwashing measures, as 
well as to health outcomes, where data are available), the 
efficiency of the measure, the potential for bias or data col-
lection errors, the use of the measure in the evaluation of 
handwashing programs, other useful information for the 
researcher or practitioner, and the bottom line of the utility 
of the measure. We conclude with recommendations for the 
measurement of handwashing behavior in a variety of con-
texts, including research and large nationally-representative 
surveys.

defecation, but not at others, such as before feeding a child. 
Thus, summarizing an individual’s overall handwashing be-
havior requires taking into account variations in behavior at 
different critical times. Moreover, an individual may be in-
consistent in her behavior, for example washing hands with 
soap after some defecation events but not all; such variation 
in reliability also risks the possibility of misclassifying an 
individual as “handwasher” or “non-handwasher.” Further-
more, both reported and observed markers of handwashing 
behavior have been found to be significantly associated with 
socioeconomic status, making adjusting for this important 
explanatory factor extremely important.6 

Described below are the positive and negative attributes of 
various commonly applied and novel methods of measuring 

6 Luby and Halder 2008.
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7 Pickering, Davis et al. 2010.
8 Pickering, Boehm et al. 2010.
9 Rhee et al. 2008.
10 Luby and Halder 2008; Schmidt et al. 2009; Ram, Halder et al. 2010.
11 Unicomb et al. 2010.
12 Silk et al. 2010.
13 Luby et al., Using Child Health Outcomes, 2011.

 

Self-report
The easiest way to measure handwashing behavior is to use 
a questionnaire to ask the respondent directly about her 
behavior. The respondent may be questioned about how 
she washes hands (e.g., with or without soap), how recently 
she washed, how often she washes (e.g., on the day before 
interview), and when she washes. Information about hand-
washing at critical times may be posed in several ways:

• an open-ended fashion: e.g., when do you wash your 
hands with soap

• in a closed-ended fashion: e.g., do you wash your 
hands with soap before feeding your child, or

• in a scaled fashion: e.g., how frequently do you wash 
your hands with soap before feeding your child? 
always, almost always, sometimes, or never?

Validity
Comparison with other handwashing measures:
In a pair of studies by Pickering and colleagues, self-
reported handwashing behavior was not associated with 
hand contamination levels in one study7 but was found to be 
associated in the other study.8 Report of recent handwash-
ing (�1 hour before specimen collection) was associated 
with lower levels of hand contamination, and individuals 
reporting always washing hands with soap after defecation 
had lower levels of E. coli and fecal streptococci than indi-
viduals reporting sometimes or never washing hands with 
soap after defecation. 

In our analysis of the endline data from the Impact Evalu-
ation of the Global Scaling Up Handwashing project, in 
which we accounted for the frequency of reported soap 
use, we found moderate or greater agreement between 
self-reported handwashing after fecal contact and obser-
vation of soap anywhere in the home in both Peru and 
Vietnam. In Vietnam, we found that persons reporting 

 

handwashing with soap after fecal contact were more 
likely to be observed washing hands with soap after fecal 
contact (RRadj�2.93, 95% CI�1.53 � 5.64); we did not 
find similar relationships in Peru and Senegal (Ram, WSP 
paper in preparation). 

Comparison with health outcomes:
Several studies have found that groups with high self-
reported handwashing behavior have lower disease risk than 
groups with relatively lower self-reported handwashing 
behavior. Two observational studies have reported asso-
ciations between self-reported handwashing behavior and 
child mortality. Rhee and colleagues showed that mothers’ 
reports that the birth attendant washed her hands with soap 
and water before assisting with the delivery, and reports 
that she herself sometimes or always washed hands before 
handling the neonate, were associated with significantly 
reduced risk of neonatal mortality: maternal handwash-
ing (RR 0.40, 95% CI 0.28 � 0.58) and birth attendant 
handwashing (RR 0.81, 95% CI 0.68 � 0.98).9 Unfortu-
nately, the multivariate analysis yielding these risk ratios did 
not adequately account for socioeconomic status covari-
ates, which are often shown to be strongly correlated with 
handwashing behaviors.10 Unicomb and colleagues have 
described a case-control analysis in which caregivers of chil-
dren who died from diarrhea reported less frequent hand-
washing (18 times per day) than caregivers of well children 
(21 times per day) (ORadj 0.90, 95% CI 0.89 � 0.95, in 
a multivariate model adjusting for wealth and education).11 
In another case-control analysis, Silk and colleagues noted 
that caregivers of well children were more likely to report 
frequent handwashing (more than 12 times in the previous 
day) than caregivers of children with pneumonia.12 Most 
recently, Luby and colleagues published a study of nearly 
500 households, in which maternal self-report of hand-
washing with soap before feeding a child was associated 
with decreased diarrhea in the child.13 

Methods of Measuring
Handwashing BehaviorII.
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a handwashing promotion and soap provision interven-
tion in India.17 Huda and colleagues describe that a pilot 
intervention was tested using self-reported handwashing 
as the principal behavioral outcome.18 Since self-reported 
handwashing was shown to increase in response to the in-
tervention, an at-scale water, sanitation, and handwashing 
intervention was subsequently implemented in Bangladesh. 
However, a robust evaluation of the at-scale intervention 
using observational methods, and not self-report, demon-
strated no behavior change attributable to the intervention. 
In Thailand, a handwashing and face mask intervention to 
prevent household transmission of influenza found that re-
spondents in the intervention arm reported handwashing 
more frequently than in the control arm.19 

Other useful information 
The large discrepancies in reported compared to observed 
behavior indicate that self-report is a limited measure of 
an individual’s true handwashing behavior. Questionnaires 
may also be used to elicit information relevant to behavioral 
determinants that may facilitate or impede handwashing; 
such determinants may include attitudes and beliefs, and 
logistical factors such as access to adequate quantities of 
water. One set of determinants that is commonly measured 
is knowledge related to handwashing behavior. Knowledge 
is the understanding of how, when, and why to wash hands. 
In contrast, behavior is the execution, i.e., the washing of 
hands with soap after one defecates. Questions regarding 
whether and when hands should be washed with soap may 
provide information about the respondent’s knowledge of 
appropriate handwashing behavior. However, knowledge 
does not equate to behavior, in that an individual may know 
well when to wash hands but the individual does not often 
practice handwashing at those times because of various 
barriers. Describing changes in knowledge of appropriate 
handwashing behavior, e.g., naming of critical times, may 
be useful as part of monitoring a handwashing promotion 
campaign that proposes to increase knowledge of hand-
washing in the target population. 

Efficiency
Collecting handwashing behavior information by self-
report is efficient, since the data can be gathered quickly 
using questionnaires, among a large number of house-
holds, at relatively low cost. Because of this efficiency, 
self-report is frequently included in assessments of hand-
washing behavior. However, as outlined below, substantial 
concerns about bias suggest that sole reliance on self-report 
typically yield overly optimistic estimates of handwashing 
behavior.

Potential for bias or data collection errors
Awareness of the social desirability of handwashing may 
result in an individual’s overestimation of self-reported 
handwashing behavior. This overestimation has been dem-
onstrated repeatedly, when self-reported behavior has been 
compared to observed behavior.14 In Bangladesh, whereas 
77 percent of respondents reported washing hands with soap 
or ash after defecation, only 32 percent were observed to do 
so.15 Stanton and colleagues, and Biran and colleagues have 
each shown that there is poor agreement between reported 
behavior and observed behavior; however, these studies did 
not account for the high frequency of reported soap use, 
which can lead to an artificially low estimations of agree-
ment.16 In our own recent analysis of endline data from the 
Impact Evaluation of the Global Scaling Up Handwashing 
project, we found that handwashing with soap after def-
ecation was reported by 65 percent of caregivers in Peru, 
45 percent of caregivers in Senegal, and 45 percent of care-
givers in Vietnam (Ram, WSP paper in preparation). In 
contrast, soap was used for handwashing at only 34 percent, 
25 percent, and 24 percent of fecal contact events in Peru, 
Senegal, and Vietnam, respectively. 

Use in evaluation of handwashing programs
Self-reported handwashing behavior is commonly recorded 
in handwashing promotion program evaluations. For ex-
ample, Biran and colleagues showed minimal change, 
and relatively rare reporting of soap use, before and after 

14 Stanton et al. 1987; Manun’Ebo et al. 1997; Biran et al. 2008; Danquah 2010.
15 “Handwashing Behavior in Rural Bangladesh.” 2008. Health and Science Bulletin Vol. 6, No. 3.
16 Byrt et al. 1993; Sim and Wright 2005.
17 Biran et al. 2009.
18 Huda et al. 2012.
19 Simmerman et al. 2011.
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publications.22 Broadly, hand contamination data is re-
ported as the number of colony-forming units (a micro-
biological term used to denote the density of organisms) of 
the organism of interest per hand, or per volume of media 
in which hands were rinsed; organisms typically sought are 
fecal coliforms, E. coli (a subset of fecal coliforms), and fecal 
streptococci. Numerous studies have tested contamination 
of hands to compare the microbiological efficacy of differ-
ent hand cleansing regimens.23 A number of studies have 
found that hand contamination is reduced after handwash-
ing with soap, or after cleansing with waterless sanitizers.24 

Validity
Comparison with other handwashing measures:
In our work in Bangladesh, we have found that hand con-
tamination was neither associated with soap use observed 
during structured observation, nor correlated with the num-
ber of times soap was used per day, as measured by accelerom-
eters embedded in soap.25 Presence of soap in the household 
was not associated with levels of hand contamination in two 
studies carried out in Tanzania.26 However, visible dirt on the 
palm, finger pads, or under nails was significantly and in-
versely associated with fecal streptococci and E. coli.27 

Comparison with health outcomes:
Evidence from Pakistan28 and Tanzania29 supports a positive as-
sociation between hand contamination and health outcomes, 
meaning that children of mothers whose hands are more con-
taminated have been found to have higher rates of diarrhea 
than children of mothers whose hands are less contaminated. 
Pickering and colleagues found in Tanzania that mean levels of 
fecal streptococci were positively associated with the prevalence 
of respiratory symptoms,30 but found an inverse relationship 
between the levels of E. coli on hands and respiratory symp-
toms, a surprising finding that merits further exploration.31 

Other possible determinants of handwashing behavior that 
can be measured by questionnaires relate to the opportunity to 
access handwashing tools (e.g., as in the FOAM framework—
Focus on Opportunity, Ability, and Motivation—access to 
soap and water near a latrine), ability (e.g., capacity to ensure 
access to steady supply of soap), and motivation (e.g., beliefs 
about the importance of soap).20 Appropriate measurement of 
these and other possible determinants can be maximized by re-
liance on a clearly considered framework for handwashing be-
havior change.21 Since this document focuses on measurement 
of handwashing behavior, a review of frameworks to promote 
handwashing behavior change is beyond its scope.

The bottom line
Although there is some data to suggest that self-reported 
handwashing, in general or at specific critical times, is as-
sociated with improved health, there is overwhelming evi-
dence indicating that individuals overestimate their own 
handwashing behavior. Therefore, we do not recommend 
the use of self-reported handwashing behavior. Question-
naires may be used, instead, to capture knowledge of critical 
times to wash hands, and to capture psychosocial con-
structs, such as self-efficacy and social norms, which may 
influence handwashing behavior.

Proxy Measures: Measurement of 
Microbiological Hand Contamination
Measurement of microbiological contamination of hands is 
another proxy measure of handwashing behavior. The un-
derlying assumption is that hands that are washed with soap 
will be less contaminated with fecal organisms than hands 
that are not washed with soap. The details of measuring hand 
contamination, e.g., by fingertip rinses or hand imprints 
on semi-solid media, among others, are beyond the scope 
of this paper but are covered in numerous peer-reviewed 

20 Coombes and Devine 2010.
21 Hernandez et al. 2012.
22 Pinfold 1990; Hoque et al. 1995; Luby, Agboatwalla et al. 2001; Luby, Agboatwalla et al. 2007; Judah et al. 2009; Pickering, Boehm et al. 2010; Pickering, Davis et al. 2010; 

Burton et al. 2011.
23 CDC 2002; Grayson et al. 2009; Luby, Kadir et al. 2010; Pickering, Boehm et al. 2010; Burton et al. 2011; Pickering, Davis et al. 2011.
24 Pinfold 1990; Hoque et al. 1995; Luby, Agboatwalla et al. 2001; CDC 2002; Pickering, Boehm et al. 2010.
25 Ram, Luby et al. 2010.
26 Pickering, Boehm et al. 2010; Pickering, Davis et al. 2010.
27 Pickering, Davis et al. 2010.
28 Luby, Agboatwalla et al. 2007.
29 Pickering, Davis et al. 2010.
30 Pickering, Boehm et al. 2010; Pickering, Davis et al. 2010.
31 Pickering, Davis et al. 2010.
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different levels of contamination, since left hands may have 
more fecal contact than right hands.37 

Use in evaluation of handwashing programs
A few studies have used hand contamination to evaluate 
handwashing programs. In Thailand, Pinfold found that re-
spondents in an intervention group had significantly lower 
finger contamination after the intervention, compared to 
the control group.38 In contrast, Luby and colleagues found 
no difference in hand contamination among mothers in 
an intervention group exposed to handwashing promotion 
and soap provision, and mothers in a comparison group 
that received no promotion or soap provision.39 

Other useful information
Contamination of mothers’ and children’s hands with fecal in-
dicator bacteria was correlated with contamination of house-
hold stored water.40 Hand contamination levels were associated 
with several household activities, including leaving the house-
hold compound, bathing, preparing food, and eating, as mea-
sured by structured observation in a study of 22 respondents.41 

In a high-income country, evaluating the sheer presence or 
absence of organisms on hands, rather than the numbers of 
organisms, may be useful to predict prior handwashing behav-
ior. In household environments lacking access to improved 
sanitation, far greater fecal contamination may be expected. 
Thus, the presence or absence approach for evaluating micro-
bial hand contamination is unlikely to demonstrate sufficient 
heterogeneity in order to discriminate between “better” and 
“worse” handwashers; i.e., we anticipate that the vast major-
ity of persons residing in households in low-income contexts 
would be found to have detectable organisms of fecal con-
tact, irrespective of handwashing or other hygiene behaviors. 

Organism-based testing (e.g., for E. coli or Rotavirus) may 
be feasible in study settings as molecular methods become 
less expensive.42 

Efficiency
Currently, measuring hand contamination is relatively expensive; 
in Bangladesh, laboratory-based microbiological testing for fecal 
coliforms and E. coli costs approximately US$10 per individual, 
well beyond the means of most program monitoring and evalu-
ation budgets. In other sites, the cost of hand rinse sampling is 
US$2–3, which may be more approachable for modest budgets. 
A field-friendly method of measuring fecal coliforms and E. coli 
on hands is being sought and may prove to be an inexpensive 
and feasible method of testing for hand contamination.32 

Potential for bias or data collection errors
Hand contamination provides greater objectivity than 
self-report. But, there are limitations to the data resulting 
from microbiological testing of hands. First, handwashing 
does not necessarily eliminate all organisms from hands.33 
Also, the level of hand contamination on an individual’s 
hands can vary greatly within the course of several hours; 
in Bangladesh, we found about three orders of magnitude 
differences between counts of fecal coliforms estimated at 
random and at critical times. In addition, there was rapid 
recontamination of hands in this environment, with fecal 
coliforms on hands of 100 percent, and E. coli on 80 per-
cent of 25 participating women two hours after a thorough 
handwashing with soap.34 Thus, in a heavily fecally con-
taminated environment, a single hand contamination mea-
sure likely only reflects very recent handwashing behavior 
and not typical behavior of the individual. Time elapsed 
since hands were last washed with soap has been associ-
ated with the level of hand contamination.35 Other factors 
affect hand contamination, and thus, the detection of or-
ganisms on hands, including the presence of a wristwatch, 
jewelry, length of fingernails, and recent application of 
hand lotion.36 Duration since last fecal contact, and overall 
fecal contamination of the environment likely also impact 
the level of contamination detected on a subject’s hands. 
Also, in some cultures, an individual’s two hands may have 

32 Wang et al. 2011.
33 Pickering, Boehm et al. 2010.
34 Ram, Jahid et al. 2011.
35 Pickering, Julian et al. 2011.
36 Fagernes and Lingaas 2011.
37 Hoque et al. 1995.
38 Pinfold and Horan 1996.
39 Luby, Agboatwalla et al. 2007.
40 Pickering, Davis et al. 2010.
41 Pickering, Julian et al. 2011.
42 Ibid.
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we found similar associations in crude analyses but, after 
adjusting for wealth, the associations were not significant 
(Ram, WSP paper in preparation). 

In multiple countries, there is moderate or greater agreement 
amongst the following variables: presence of soap anywhere 
in the home, presence of soap and water at the handwash-
ing place used after defecation, and presence of soap and 
water at the handwashing place used before food prepara-
tion, suggesting internal consistency between these various 
observed measures (Ram, WSP paper in preparation). 

For the indicator of availability of handwashing materials 
within one minute of request, the time frame of one min-
ute is arbitrary and does not reflect the diversity of living 
set-ups found around the world; i.e., soap may be at the 
cooking place, which is located at some distance from both 
the latrine and the main living area of the household. We 
have found conflicting associations between rapid retrieval 
of soap and observed handwashing behavior: in Peru, there 
was no association; in Senegal, caregivers of young children 
were more likely to wash hands if they lived in households 
where soap was retrieved within one minute, compared to 
caregivers in households where soap was retrieved more 
slowly. In contrast, and inexplicably, in Vietnam, caregiv-
ers in households where soap was retrieved within one 
minute were significantly less likely to be observed wash-
ing hands than caregivers in households where soap was 
retrieved slowly. These conflicting findings indicate that rapid 
retrieval of soap is not currently a reasonable marker of 
handwashing behavior.

Comparison with health outcomes:
There is some evidence for the health benefit associated 
with the presence of handwashing materials at designated 
handwashing locations. Luby and colleagues have dem-
onstrated in studies from Bangladesh that the presence of 
water at a handwashing place was associated with a small 
but statistically significant decrease in respiratory illness 
episodes.46 

The bottom line
Given the relative expense of quantification of microbial 
hand contamination currently and challenges to its validity 
as a measurement of overall handwashing behavior, it is not 
recommended that hand contamination tests be built into 
routine evaluations of handwashing promotion programs at 
this time. Further study to refine microbiology as a measure 
of overall handwashing behavior may enhance the utility of 
this approach in the future.

Proxy Measures: Rapid Observation 
of Handwashing Materials
Observations of the household can be efficient means to 
gather clues about the household’s handwashing behavior 
since they can be rapidly collected, in a large number of 
households, and at relatively low cost. Here, handwashing 
materials refer to soap and water. Rapid observations pro-
vide useful information on whether or not soap is present 
in the home, whether and where the household has a des-
ignated place for handwashing, whether the tools required 
(i.e., soap and water, or mud/ash and water) are simultane-
ously in place to practice the behavior for the individual 
that chooses to do so, and whether soap is readily available 
for handwashing (e.g., within one minute). 

Validity
Comparison with other handwashing measures:
Analyses by Halder, Luby, and colleagues have demon-
strated that observation of water at the handwashing place 
used after defecation was associated with observed hand 
cleanliness,43 and with observed handwashing with soap 
during structured observation.44 Soap availability at the 
handwashing place used after defecation was also associ-
ated with observed hand cleanliness.45 Similarly, in endline 
surveys from the Impact Evaluation of the Global Scaling 
Up Handwashing project, we found that presence of soap 
and water, at the places used to wash hands after defecation 
or before food preparation, was associated with observed 
handwashing with soap in Peru and Vietnam; in Senegal, 

43 Halder et al. 2010.
44 Luby, Halder et al. 2009.
45 Halder et al. 2010.
46 Luby and Halder 2008; Luby et al., Using Child Health Outcomes, 2011.
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Use in evaluation of handwashing programs
Several intervention studies have demonstrated immediate 
increases in the maintenance of handwashing facilities,49 
including studies in Bangladeshi households,50 Kenyan 
schools,51 and community health clubs.52 

Other useful information
Hand cleansing agents include soap, ash, or mud, depend-
ing on the cultural context and the focus of the hand-
washing promotion program (e.g., soap specifically or any 
cleansing agent). Choice of specific indicators should be 
made based on the behavioral recommendations included 
in the handwashing promotion.

The bottom line
Given the associations between presence of soap and water 
at designated handwashing locations and observed hand-
washing behavior in multiple countries, and the inverse 
association between presence of water and respiratory ill-
ness in two studies in Bangladesh, as well as the efficiency 
of collecting these data, rapid observation of handwashing 
materials—anywhere in the home and especially at desig-
nated handwashing locations—is an important approach to 
measuring handwashing behavior. 

Proxy Measures: Hand Cleansing 
Product Consumption
Product consumption has been used as an approach to mea-
sure hand hygiene in healthcare settings in high-income 
countries for many years.53 Studies have measured the vol-
ume of soap or hand sanitizer in a fixed container at two 
time points in order to estimate the volume of cleansing 
agent consumed in the duration between measurements. 

Although common in healthcare settings in high-income 
settings, there is little information about estimation of 
soap consumption as a measure of handwashing behavior 
in low- and middle-income countries. One approach to 

Efficiency
Rapid observations are being widely used to capture 
handwashing behavior, including in the Multi-indicator 
Cluster Surveys (MICS) supported by UNICEF. The 
MICS 4 questionnaires include the following indica-
tors: designated place for handwashing where soap and 
water are present, and availability of soap anywhere in the 
dwelling. The Rapid CATCH indicators used by the US 
Agency for International Development (USAID) child 
survival grantees include the measurement of the presence 
of soap at the location where hands are usually washed 
(http://www.childsurvival.com/kpc2000/kpc2008.cfm). 

Potential for bias or data collection errors
In Bangladesh, Gadgil and colleagues made serial visits—in 
all 1,716 visits—to 220 households to assess the presence 
(and weight) of soap and other household toiletries.47 Al-
though a majority of households were found to have soap at 
any one visit, only about 50 percent of households had soap 
available at every visit. 

The presence of soap and water at a designated handwash-
ing place cannot confirm the frequency or consistency of 
handwashing with soap for the individual or the house-
hold as a whole, whether hands are washed during critical 
times such as after defecation. While the presence of soap 
is necessary for the behavior (handwashing with soap) to 
be carried out, it is not sufficient, in that a host of logisti-
cal and psychosocial determinants likely induce or prevent 
the handwashing behavior from being carried out.48 Addi-
tionally, rapid observations of the household do not provide 
information on the handwashing behavior of an individual 
of interest, such as the mother of a young child. Instead, 
they may only provide information about the household 
as a whole, since, in most households, soap is a communal 
resource and not an individual one. Still, since handwash-
ing behavior tends to be socially mediated, household-level 
measurement may be very useful for describing handwash-
ing behavior of a population. 

47 Gadgil et al. 2010.
48 Danquah 2010.
49 Vindigni et al. 2011.
50 Luby, Agboatwalla et al. 2009.
51 Freeman et al. 2011.
52 Whaley and Webster 2011.
53 McGuckin et al. 2009.
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Potential for bias or data collection errors
Human error in the collection of consumption data, e.g., 
due to poor training on use of scales to weigh soap or lack 
of standardization in volume measurement, represents an 
important source of bias in these data. 

Use in evaluation of handwashing programs
Luby and colleagues found no difference between hand-
washing intervention and control households with respect 
to soap purchase, despite seeing differences between com-
parison groups with respect to presence of soap and water 
at a handwashing place, and rubbing of hands several times 
during a handwashing demonstration.55 

Other useful information
In Gadgil’s study of soap consumption in Bangladesh, 
the median bar soap weight consumption was estimated 
at 1.2 grams/day per household resident; laundry soap 
consumption was estimated at 2.3 grams/day per house-
hold resident.56 Given the lack of data on soap consump-
tion from households in low-income settings, Gadgil’s data 
may serve as a useful reference.

The bottom line
There is insufficient evidence for or against the use of soap 
expenditure to make a recommendation on this measure at 
this time. A number of studies measuring soap consump-
tion, through volume or weight checks, are currently in 
the analysis phase. Whether soap consumption should be 
used more broadly to measure handwashing behavior will 
be borne out by these additional analyses. Measuring con-
sumption by evaluating soap weight or volume requires two 
visits to the home or facility, thereby increasing the costs 
and logistical challenges of the data collection.

Proxy Measures: Observation of Behavior 
During Handwashing Demonstration
One approach to using rapid observations to obtain clues 
to individual behavior is to ask the individual of interest 
to demonstrate usual handwashing practice, in general, or 

measuring soap consumption is to estimate the amount of 
money spent by households on soap. Alternatively, Gadgil 
and colleagues investigated the utility of serial soap weight 
measurement as a method to estimate household soap con-
sumption, which was defined as the difference between soap 
weights in two serial visits. Soap weight differences were 
stable across the approximately eight visits made to each 
household, suggesting that one estimate of soap weight dif-
ference, i.e., calculated from weights measured at two serial 
visits two to three days apart, is sufficient to estimate soap 
consumption. Wealth was associated with the presence of 
soap in the home but was not associated with soap weight 
differences. 

Validity
Comparison with other handwashing measures:
In the study by Gadgil and colleagues, consumption of 
bar soap was correlated with consumption of laundry de-
tergent, the total number of handwashing stations in the 
home, and the number of handwashing events by the main 
caregiver as observed during structured observation.54 To 
our knowledge, this is the only study to date reporting find-
ings on the use of serial soap weights for estimation of soap 
consumption at the household level in a low- or middle-
income country. 

Comparison with health outcomes:
At the time of this writing, we are not aware of studies that 
have assessed the relationship between soap consumption 
and health outcomes in low- or middle-income country 
contexts.

Efficiency
The minimum of two visits required to estimate change in 
soap weight or volume reduces the efficiency of data collec-
tion and, thus, this approach may not be feasible for many 
large-scale studies, such as DHS or MICS.

Amount spent recently on soap purchase can be easily que-
ried in a questionnaire.

54 Gadgil et al. 2010.
55 Luby, Agboatwalla et al. 2009.
56 Gadgil et al. 2010.
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Sagerman and colleagues found that the duration of hand 
rubbing increased from baseline to post-intervention even 
among study participants that were not instructed to in-
crease the duration of hand rubbing, suggesting reactivity 
to the observation.60 A similar finding was noted among 
schoolchildren in a study of waterless hand cleansing in 
Nairobi, Kenya.61 

Use in evaluation of handwashing programs
In a study evaluating residual effects of a handwashing 
promotion intervention 18 months after intervention, 
Luby and colleagues showed that subjects in intervention 
households were more likely to rub palms several times 
during a handwashing demonstration, compared to sub-
jects in control households.62 Freeman and colleagues 
reported that Kenyan students, exposed to a water treat-
ment and hygiene promotion intervention, completed 
the several steps of handwashing during a handwash-
ing demonstration, compared to students in control 
schools.63 

The bottom line 
To date, relatively few studies have examined the validity of 
handwashing demonstrations for the measurement of usual 
handwashing behavior. There is some evidence that these 
data are compromised by social desirability bias but fur-
ther exploration is required to understand the utility of this 
measurement approach. 

Proxy Measures: Visual Inspection 
of Hand Cleanliness
A number of studies have used visual inspection of respon-
dent hands to characterize their degree of cleanliness. Typi-
cally, a three-point scale has been used, denoting “clean,” 
“no visible dirt but unclean appearance,” and “visible dirt.” 

In some settings, subjects have expressed concern about 
whether hand inspections are appropriate and acceptable. 
The evaluator should decide whether hand inspections are 
appropriate in the setting of the study or evaluation. The 

as typical after defecation. Details to note include washing 
of one or both hands, use of soap or other hand cleansing 
agent, duration of lathering or hand rubbing, and method 
of drying (or not drying).

Validity
Comparison with other handwashing measures:
In the 2008 study by Biran and colleagues, there was a fair 
degree of agreement between observation of soap use dur-
ing handwashing demonstration and observation of both 
hands being washed with soap after all fecal contact events 
witnessed during structured observation.57 

As with a number of measures of handwashing behavior, 
awareness of social desirability may prompt improved 
handwashing practice during the demonstration compared 
to usual behavior. Halder and colleagues found that, while 
51 percent of caregivers used soap when asked to demon-
strate how they typically wash their hands after defecation, 
only 33 percent of caregivers were observed to wash hands 
during structured observation.58 

Comparison with health outcomes:
Use of soap during demonstration of usual handwashing 
after defecation was significantly associated with less di-
arrhea than non-use of soap in one study.59 Air drying of 
hands during the handwashing demonstration was also in-
dependently associated with reduced respiratory illness in 
this same study. 

Efficiency
Observation of behavior during handwashing demonstra-
tions is typically quite efficient since it can be incorporated 
into an interview with the target respondent. A few minutes 
may be required for the respondent to gather any necessary 
materials to perform the handwashing. 

Potential for bias or data collection errors
In a randomized controlled trial investigating responsiveness 
to simple versus more complex handwashing instructions, 

57 Biran et al. 2008. 
58 Halder et al. 2010.
59 Luby et al., The Effect of Handwashing, 2011.
60 Sagerman et al. 2011.
61 Pickering, Davis et al. 2011.
62 Luby, Agboatwalla et al. 2009.
63 Freeman et al. 2011.
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caregivers (Ram, baseline report). In all three countries, 
households of caregivers with clean hands were more likely 
to have had soap and water present at a place designated for 
handwashing before food preparation and eating. Also, in 
Senegal and Vietnam, households of caregivers with clean 
hands were significantly more likely to have had soap and 
water observed at the place for handwashing after defeca-
tion. Caregivers with clean hands were progressively and 
significantly more likely to be in the wealthiest four quin-
tiles than in the poorest quintile in all three countries. 

Halder and colleagues found that household wealth and 
water availability at handwashing locations were signifi-
cantly associated with the cleanliness of mother’s and child’s 
hands.66 The strong associations between wealth and hand 
cleanliness, seen in Halder’s work and ours in the Global 
Scaling Up Impact Evaluation, may be attributable to un-
measured determinants of handwashing behavior or to 
interviewer bias, should be considered in analysis of these 
data generated from observational studies. 

Other useful information
In some settings, subjects have expressed concern about 
whether hand inspections are appropriate and acceptable. 
The evaluator should decide whether hand inspections are 
appropriate in the setting of the study or evaluation. The use 
of photos, pictorials, or direct observation of hands repre-
senting each level of cleanliness may be helpful to improve on 
standardization of data collection. The trainer should seek to 
ensure high inter-rater reliability; i.e., different enumerators 
code the same level of cleanliness for a pair of hands. 

The bottom line 
Visual inspections of hand cleanliness are efficiently per-
formed. This measure is relatively novel and needs to further 
exploration in order to determine whether it is valid globally.

Direct Measures: Structured Observations
Structured observations consist of the placement of an ob-
server for several hours, typically between three and seven 
hours, in a household.67 The observer records opportunities 

use of photos, pictorials, or direct observation of hands repre-
senting each level of cleanliness may be helpful to improve on 
standardization of data collection. The trainer should seek to 
ensure high inter-rater reliability; i.e., different enumerators 
code the same level of cleanliness for a pair of hands. 

Validity
Comparison with other handwashing measures:
Pickering and colleagues have found that visible dirt on 
palms, fingerpads, or under nails is associated with in-
creased microbiological contamination of hands.64 

A high hand cleanliness score was significantly associated 
with observed handwashing with soap after fecal contact 
in both Peru and Vietnam, after adjustment for wealth, 
indicating that hand cleanliness inspection is a reasonable 
proxy measure for handwashing behavior in some contexts; 
we did not find such an association in Senegal (Ram, WSP 
paper in preparation). 

Comparison with health outcomes:
Luby and colleagues have found that observation of visibly 
clean finger pads on a child’s hands was associated with 
reduced diarrhea prevalence; there was no association be-
tween mother’s hand cleanliness and child’s diarrhea risk.65 

Efficiency
Visual inspections of hand cleanliness are efficiently per-
formed, easily included in interviews with the target respon-
dent. Standardization of fieldworkers’ coding of cleanliness 
is critical, and should be done using photographs of local 
individuals’ hands. Data for the measure may be collected 
surreptitiously, or by actively informing the respondent of 
the examination. If the latter approach is chosen, it is pos-
sible that the participant will refuse the inspection.

Potential for bias or data collection errors 
In the Impact Evaluation of the Global Scaling Up Hand-
washing project, at baseline, clean hands were identified 
in 42 percent of 3,718 caregivers in Peru, 71 percent of 
1,992 Senegal caregivers, and 63 percent of 3,068 Vietnam 

64 Pickering, Davis et al. 2010.
65 Luby et al., Using Child Health Outcomes, 2011.
66 Halder et al. 2010.
67 Bentley et al. 1994; Curtis et al. 2001; Biran et al. 2008.
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their hands, children living in households where the food 
preparer washed at least one hand with water only (odds 
ratio [OR] � 0.78; 95% confidence interval [CI] � 0.57 
� 1.05), washed both hands with water only (OR � 0.67; 
95% CI � 0.51 � 0.89), or washed at least one hand with 
soap (OR � 0.30; 95% CI � 0.19 � 0.47) had less diar-
rhea.”73 To our knowledge, this is the first evidence from 
household settings that handwashing at two specific criti-
cal times is associated with disease risk. There was no asso-
ciation between observed handwashing behavior at other 
critical times (before feeding a child, before eating, after 
cleaning the anus of a child who had defecated) and diar-
rhea risk. This study highlights the importance of captur-
ing detailed information around handwashing behavior 
and underscores the utility of structured observation for 
such crucial data collection. 

Efficiency
Several groups have successfully completed structured ob-
servations on the scale of hundreds of households with-
out substantial difficulty. They provide a wealth of detail 
regarding handwashing behavior at critical times of inter-
est, including defecation, feeding, eating, and cooking. Be-
cause of the rich contextual detail, structured observation 
data can be used to explore thoroughly the determinants of 
handwashing behavior. Aunger and colleagues used struc-
tured observation data to elucidate psychosocial determi-
nants of handwashing behavior, and found the following to 
be observed with improved handwashing behavior: habitual 
handwashing at critical times, lack of concern about the 
costliness of soap, and an expressed need for cleanliness of 
oneself or one’s household.74 

The use of structured observation for measurement of 
handwashing behavior can incur substantial costs in terms 
of personnel time. Highly trained staff experienced in be-
havioral observation methods are preferable for performing 
observations, or at least training observers.75 

for handwashing, such as feeding a child or visiting the 
toilet, and the target respondent’s handwashing practices. 
A sample tool used in the healthcare setting is provided 
by McAteer and colleagues;68 sample tools used in school 
and community settings are available from the author of 
this paper. The benefits of structured observation are the 
ability to record objective data on handwashing practices 
and the richness of information gathered.69 During struc-
tured observation, the observer has the opportunity to re-
cord information about numerous individuals of interest, 
including mothers, young children, non-caregiver males, 
etc. Additionally, the observer can record detailed informa-
tion on particular critical times, whether hands are washed, 
whether both hands are washed, the type of cleansing agent 
used, and the way in which hands are dried. This richness of 
details allows for assessment of consistency in handwashing 
practices. Respondents may be assigned to categories repre-
senting degrees of appropriate handwashing practice, based 
on observation of behavior during multiple opportunities 
for handwashing.70 

Validity
Comparison with other handwashing measures:
Structured observation data has frequently been used as the 
standard of comparison for other handwashing measures in a 
number of studies, as noted in other parts of this document.71 

Comparison with health outcomes:
A recent robust analysis of structured observation data 
supports the utility of structured observation for detection 
of handwashing measures that are meaningful for disease 
risk. Luby and colleagues examined diarrhea prevalence 
among children of caregivers in 347 households observed 
during five-hour structured observations.72 This study in-
dicated that observation of handwashing with soap after 
defecation was significantly associated with lower likeli-
hood of diarrhea. “Compared with children living in 
households where persons prepared food without washing 

68 McAteer et al. 2008.
69 Bentley et al. 1994.
70 Biran et al. 2008.
71 Curtis et al. 2001; Biran et al. 2008; Biran et al. 2009; Luby, Halder et al. 2009; Halder et al. 2010.
72 Luby et al., The Effect of Handwashing, 2011.
73 Ibid.
74 Aunger et al. 2010.
75 Bentley et al. 1994.
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Despite the potential for reactivity, structured observa-
tions typically demonstrate very poor handwashing be-
havior among study populations. Curtis and colleagues 
have shown that the percent of toilet use events followed 
by handwashing with soap ranged from 3 percent to 
42 percent, with a mean of 17 percent for the 11 low- and 
middle-income countries under study.78 Handwashing with 
soap was performed on an average of 5 percent of occasions of 
feeding an index child. Similarly, in the three Global Scaling Up 
Handwashing project countries, we find that fewer than 
10 percent of food preparation events and child feeding 
events are preceded by handwashing with soap. Despite the 
unarguable presence of reactivity to structured observation, 
structured observations tend to confirm the tremendous 
need to improve handwashing behaviors in low- and middle-
income countries.

Use in evaluation of handwashing programs
Structured observations have been used for the evaluation 
of handwashing promotion programs. The risk with reac-
tivity to structured observation is that the evaluator would 
overestimate the change in handwashing behavior in re-
sponse to an intervention. Biran and colleagues evaluated 
a hygiene education campaign in rural India and found no 
improvement in observed handwashing after defecation, 
cleaning a child who had defecated, or other fecal contact, 
despite about one-third of respondents having heard of the 
intervention.79 Huda and colleagues found similarly that a 
large-scale program to promote water, sanitation, and hy-
giene behaviors did not result in improved handwashing 
behaviors, as evidenced by structured observations.80 

Other useful information 
It is essential that the researcher/evaluator intensively train 
observers to record in a standardized fashion. Such train-
ing should, for example, emphasize details such as the time 
frame within which handwashing would be considered as-
sociated with a particular critical time (e.g., the number of 
minutes after defecation that handwashing occurs) as well as 
observational techniques, such as the need to utilize neutral 
body language and avoid judgment or prompting of socially 

In a 2007 study in Bangladesh commissioned by the 
Water and Sanitation Program, where five-hour struc-
tured observations were compared to 90-minute structured 
observations, shorter observation periods resulted in a 
greater-than-proportional loss in observed numbers of fecal 
contact events, suggesting that it is counter-productive to 
shorten the observation periods in an attempt to reduce 
data collection costs. Extended durations of observation 
come at a cost since each observer can only conduct one 
observation per household per day. It would be practically 
difficult to carry out two five-hour, or even four-hour, ob-
servations in a single day without risking substantial inter-
viewer fatigue and compromise in the quality of observed 
data. Moreover, handwashing, bathing, and toileting be-
havior may differ according to the time of day, possibly 
rendering morning observations incomparable to afternoon 
observations. Thus, depending on the required sample 
size to demonstrate project outcomes of interest, struc-
tured observations would require substantial numbers of 
trained individuals, or a prolonged data collection period, 
either of which might be expensive for the program being 
monitored. 

Potential for bias or data collection errors 
The same awareness of social desirability that likely results 
in overestimation of self-reported handwashing behavior 
may also result in reactivity to the presence of the observer 
during a structured observation.76 That is, an individual 
may practice better handwashing behaviors while an ob-
server is present than when she is unobserved. Using accel-
eration sensors in soap bars, we have shown that households 
increased the number of times soap was used by 35 percent 
during structured observation, compared to days when 
no human observer was present.77 Nearly one-quarter of 
households, characterized by markers of improved socio-
economic status, increased soap use by more than double 
during structured observation. Reactive households were 
also much more likely to have soap available at a desig-
nated handwashing location near the toilet, suggesting that 
they may, indeed, prioritize hand hygiene more than non-
reactive households. 

76 Cousens et al. 1996.
77 Ram, Halder et al. 2010.
78 Curtis et al. 2009.
79 Biran et al. 2009.
80 Huda et al. 2011.
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are time limitations of having a human observer present 
(e.g., five hours or seven hours before an observer fatigues). 
While, theoretically, a human observer may miss events if 
many are occurring simultaneously, video can be viewed 
repeatedly in order to capture the details of most or all events 
recorded. Still, videos for quantitative evaluation have typi-
cally been recorded by placing cameras in fixed locations; 
as key targets of observation (e.g., primary caregivers) move 
about from place to place during their daily activity, video 
cameras in fixed locations would likely miss a number of 
events that could be captured by the human observer who 
would be able to move about to gain appropriate views of 
the target’s handwashing behavior. 

Validity
Comparison with other handwashing measures: 
To our knowledge, there are no published comparisons of 
video-based handwashing measurement to other approaches 
to measuring the behavior in low- and middle-income coun-
try settings. In a school-based study in Kenya, Pickering 
and colleagues have found the rate of hand cleansing with 
waterless sanitizer to be roughly similar among schoolchil-
dren provided access to alcohol-based hand sanitizer (hands 
cleansed with sanitizer during 82 percent of events detected 
by structured observation, 79 percent of events detected by 
video camera).81 On preliminary data analysis, video sur-
veillance captured approximately 30 percent fewer events 
than structured observation, perhaps since the camera was 
focused on a fixed location (sanitizer dispenser), rather than 
being responsive to movement of individuals.

Comparison with health outcomes:
To our knowledge, there is no data from community set-
tings in low- and middle-income countries on the relation-
ship between video-recorded handwashing behavior and 
health outcomes.

Efficiency
Video may best be used to document handwashing behav-
ior in particularly densely populated areas, e.g., outside 
shared latrines in a community, in school or healthcare set-
tings, since a large number of events could be captured in 
such contexts. Researchers should be aware of the intensity 

desirable behaviors). Ideally, the time frame for observation 
would be based on local knowledge of the timing of behav-
iors of interest. If handwashing after defecation is the behav-
ior of interest, then timing the observation to ensure that the 
observer is present in the home when most people defecate 
(early in the morning in many cultures) would be very im-
portant. This is not always feasible due to safety or logistical 
concerns, thus necessitating structured observation at other 
times of day. Over the span of several hours, an observer can 
only complete observation in one household. 

A key factor in minimizing reactivity to structured obser-
vation is the information given to the target respondent in 
advance of the observation. During the informed consent 
process, and in other verbal and non-verbal communications 
by the study worker and observer, it is critical not to em-
phasize that the observation is principally about measuring 
handwashing behavior. Without violating the respondent’s 
right to understand the nature of the study, the evaluator 
may indicate that the observation is aimed at understanding 
“general household practices.” The observer’s training and 
skills with respect to objective data collection may also im-
pact reactivity on the part of the individuals being observed. 

The bottom line 
Information obtained from structured observation can 
guide handwashing promotion recommendations but also 
inform an evaluator about whether a handwashing pro-
gram is affecting behaviors of interest, and that are rel-
evant to child health goals. Structured observations have 
been used to evaluate the behavioral impact of hand hy-
giene promotion programs and indicate that, while there 
may be reactivity to structured observation, that reactivity 
may not be enhanced solely by exposure to handwashing 
promotion. 

Direct Measures: Video Observation
Video observation has been used in several studies pub-
lished or carried out since 2008, in quantitative studies 
in schools and health facilities and qualitative studies in 
households. A large amount of data can be captured by 
video for two reasons: capturing of events is not restricted 
as structured observation might be, since in the latter, there 

81 Pickering, Davis et al. 2011.
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The ethical considerations are considerable with the use of 
video recording. Under traditional human subjects’ research 
guidelines, a single human observer is bound to the pri-
vacy of individuals that she is observing. Video recordings 
that can be preserved indefinitely in digital media can pose 
privacy and confidentiality concerns to those under obser-
vation. A subject’s identity can be disclosed by the video. 
Individuals may display private, or even illegal, behavior 
whether they are aware of the video cameras in place or 
not. Researchers are reminded to solicit scientific and ethi-
cal reviews from accredited agencies carrying out human 
subjects research oversight before attempting to use obser-
vation methods. It is ethically appropriate, and relevant to 
the program’s best interests, to maintain the confidentiality 
of video data, as with all other identifiable data. Procedures 
regarding the handling of video displaying potentially pri-
vate or illegal behavior should be defined a priori. 

The bottom line 
Video recording remains a relatively novel approach to 
measuring handwashing behavior. It may be most useful 
for evaluating behavior in semi-private or public settings, 
such as in schools and healthcare facilities, where there is 
minimal expectation of privacy. The evaluator seeking to 
use video observation needs to plan not only for captur-
ing the video data, but also the extensive time required to 
analyze such data. 

Direct Measures: Sensors
This section describes sensor-based methods of recording 
handwashing behavior. One such method is a Unilever-
developed technology embedding accelerometers in ordi-
nary-appearing Lifebuoy® soap. The accelerometer tracks 
movement of the soap in three dimensions.83 Based on the 
movement patterns of the soap, the number of times soap 
is used in a given time period can be counted. The soap 
can be left in a household for several days, allowing for ob-
servation of soap use behavior over a much longer period 
of time than would be feasible by structured observation. 
The accelerometer’s ability to detect consistency in soap use 
behavior has been demonstrated in Bangladesh, where the 

of person-time required to analyze video observation data. 
As in the Armellino study, we found that a large number of 
events are captured in video in schools because of the large 
number of persons under observation (Pickering, unpub-
lished observations). Thus, even by reviewing video at 8� 
or 16� speed, many person-months were spent analyzing 
data from just a few weeks of observation.

Potential for bias or data collection errors 
We suspect, based on our work using video cameras in 
schools in Kenya, that there is reactivity to the presence 
of video cameras—e.g., children looking at the cameras 
and showing amusing behavior (Pickering, unpublished 
observations). 

Use in evaluation of handwashing programs
Armellino and colleagues placed video cameras positioned 
to capture hand cleansing behavior at every sink and sani-
tizer dispenser in 11 patient rooms in an intensive care unit 
in New York State, USA.82 In a 16-week period before any 
intervention, 60,542 events were captured and rates of 
hand cleansing were reported to be less than 10 percent. 
After feedback of video-recorded data was provided to the 
health workers, 73,080 events were observed and hand 
cleansing was estimated at 82 percent based on video obser-
vation. This study indicates that video observation of hand 
cleansing behavior during patient contact was responsive to 
an intervention that provided feedback about individuals’ 
hand hygiene behavior.

Other useful information
Video cameras may be particularly useful to establish up-
take of handwashing hardware and purposively mounted in 
fixed locations through an intervention program. In house-
holds, schools, or health facilities that have not received 
such hardware, or that have not received guidance on place-
ment of such hardware, video recording may be less mean-
ingful; the location of the hardware relative to the latrine 
or food preparation area may be distant, or inconvenient, 
making the link between the critical time and the associated 
handwashing behavior difficult to establish.

82 Armellino et al. 2012. 
83 Ram, Halder et al. 2010.
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the reach of most researchers and handwashing program 
evaluators. 

Even more distant is the potential for computer-aided 
tracking of humans and objects, which may be useful as a 
detection methodology or even a technology to aid in re-
minding individuals to wash hands if they have not done so 
at critical times.87 We see little potential in the near future 
for such interesting technologies in the low- and middle-
income country settings of concern here.

Validity
Comparison with other handwashing measures: 
There is minimal information on the comparison of the 
sensor-based methods to other handwashing measures in 
low- and middle-income settings. An early study of the 
accelerometer-embedded soaps demonstrated a significant 
correlation between soap consumption and number of soap 
uses, as indicated by the accelerometers.88 

Comparison with health outcomes:
We are not aware of health outcomes data from resource-
limited settings for sensor-based measures of handwashing 
behavior.

Efficiency
Currently, the largest drawback to any of the sensor-based ap-
proaches described to date is the limitation of capacity to deploy, 
extract, and analyze data to highly qualified research staff, often 
to those involved in developing the sensor methodology. Trans-
fer of technical capacity, or development of more field-friendly 
sensor approaches, are imperative if any of the sensor-based 
methods are to become more widely adopted for monitoring 
handwashing behavior. However, such transfer clearly comes 
at the risk of lack of assurance of the various steps contributing 
to data quality. The cost of individual sensors is expected to be 
high; for example, the accelerometers for embedding into soap 
are projected at approximately US$120, which may be prohib-
itive if a program actually had to purchase large numbers of the 
sensors. 

number of times soap was used in a household was remark-
ably consistent across each of eight days. The accelerometer 
allows detection of soap movement, with a time stamp, but 
by itself, it does not allow for describing handwashing at 
specific critical times. Biran reports attaching motion sen-
sors to water vessels reserved for cleansing oneself after def-
ecation, thereby allowing for detection of defecation events 
and subsequent handwashing.84 This novel approach found 
that, despite an increase in the number of soap uses overall, 
there was no increase in the number of soap uses following 
a defecation event among intervention households, com-
pared to control households. 

As an alternative sensor-based approach, colleagues at the 
London School of Hygiene and Tropical Medicine have 
used wireless infrared sensors at the entryways of restrooms, 
and at soap dispensers inside restrooms, to measure soap use 
among British commuters.85 The sensors at the entryways 
of restrooms allowed for detection of entry into the rest-
room, such that the denominator was the number of people 
entering the restroom in a given hour. The measurement of 
handwashing behavior was based on the numerator defined 
as the number of soap dispenses in a given hour, with uses 
in the first five minutes of the hour excluded. This novel 
approach enabled the investigators to investigate the imme-
diate effects on soap use behavior of automated text messages 
appearing at the entryway of the restrooms that reinforced 
a number of psychosocial motivators of handwashing. The 
cost and sophisticated analyses required would place this 
technology, as with soap with motion sensors, squarely in 
the research arena for the foreseeable future.

Another technology-based approach is the use of radio-
frequency-controlled transmitters and readers that can 
demonstrate proximity between an individual wearing a 
transmitter and a hand cleansing device bearing a reader; 
such an approach can yield individual-level data on the use 
of handwashing devices.86 We are not aware of the use of 
such devices in low- and middle-income settings and antici-
pate that cost and analysis considerations put them beyond 

84 Biran et al. 2009.
85 Judah et al. 2009.
86 Munro and Munro 2009.
87 Hoey et al. 2010.
88 Ram, Halder et al. 2010.
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and analysis, are required before sensor-based technologies 
can be readily adopted for handwashing measurement in 
resource-limited settings. 

Use of Composite Measures 
Several studies have attempted to combine information 
from different methods of measuring handwashing behav-
ior.91 These composite measures have included information 
obtained from demonstration of handwashing, as well as 
information from self-report. Strina and colleagues used a 
composite measure that included handwashing informa-
tion, as well as observations of other hygiene behaviors, 
such as household drinking water storage and treatment, 
washing of vegetables, eating potentially dirty food, and so 
on.92 In our review of the literature, no composite measure 
of handwashing has been validated in different geographic 
or cultural contexts. 

Validity
Comparison with other handwashing measures:
Stevenson and colleagues have performed a series of studies 
in Australia to evaluate an index of responses to 23 ques-
tions (HI23) measuring self-reported hygiene behaviors.93 
The questions address several domains of hygiene, includ-
ing hand hygiene, food hygiene, and home hygiene. Steven-
son shows that the scale is associated with a disgust scale, 
as well as observed handwashing behavior in response to 
disgust-eliciting stimuli. We are not aware of replications of 
these studies, or adaptation of Stevenson’s hygiene index to 
low- and middle-income country settings, where hygiene-
related attitudes and perceptions of social desirability may 
differ vastly from the Australian setting of Stevenson’s work. 

Gadgil and colleagues tested a 14-point scale for handwash-
ing habit in a study of soap consumption and use in urban 
Bangladesh, based on the Verplanken self-reported habit 
index (evaluated by Verplanken for various habits other 
than handwashing).94 They found no association between 
handwashing habit and consistent presence of soap in the 
home. 

Potential for bias or data collection errors 
It is possible that, overall, households increase the number 
of times they use soap when the sensor is in place, compared 
to when the sensor is not in place. We did not find evidence 
that the households used the accelerometer-embedded soap 
more frequently on the first day of its presence in the home 
and then reduced use as they became accustomed to it.89 

Use in evaluation of handwashing programs
Biran and colleagues have used the accelerometer-embed-
ded soap to evaluate a handwashing promotion program 
in rural India and found an increase in the number of soap 
uses overall.90 

Other useful information
Sensor-based data may provide individual-level informa-
tion, as with radiofrequency tags, which would be worn by 
individuals of interest, or group-level information, as with 
the accelerometer, which is embedded in a bar of soap that 
may be used by the entire family. 

In many countries, households often use multipurpose bar 
soaps, liquid soaps, or powdered detergent for washing 
hands. Therefore, embedding accelerometers multipurpose 
bar soaps, which may also be used for washing laundry or 
dishes, is potentially problematic in terms of identifying 
handwashing-specific events. The movement signatures for 
handwashing may be difficult to distinguish from those of 
washing clothes, washing dishes, or playing with the soap. 
Replacing powder or liquid with a bar may allow introduce 
substantial bias, in that the observed household is given a 
novel and “special” way of washing hands that it has not 
previously used. 

The bottom line 
These various sensor technologies are in the early stages 
of development and, to our knowledge, none are readily 
deployable for routine research or evaluation purposes in 
low- or middle-income countries. Further validation, and a 
substantial lowering of costs and expertise required for use 

89 Ram, Halder et al. 2010.
90 Biran et al. 2009.
91 Hoque et al. 1995; Yalcin et al. 2004; Sandora et al. 2005.
92 Strina et al. 2003.
93 Stevenson et al. 2009.
94 Verplanken and Orbell 2003; Gadgil et al. 2011.
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Other useful information
The interpretation of an index is often difficult and com-
parison of index scores across studies or evaluations may 
be challenging or impossible. For example, an index con-
structed using principal component analysis, a data reduc-
tion method, would be meaningless outside of the study 
sample within which it is developed.

The bottom line
At present, there is insufficient evidence to support the use 
of a single composite measure in research or evaluation of 
handwashing promotion. This is an area that merits explo-
ration in secondary analyses of large datasets containing 
numerous measures of reported and observed measures of 
handwashing behavior.

Comparison with health outcomes:
Webb and colleagues constructed individual and combined 
hygiene indices using observed information on drinking 
water, food, personal hygiene, and household domestic hy-
giene. Scores for the overall hygiene index and the personal 
hygiene index (which included wearing of shoes, and ob-
servations of cleanliness of mother and child hands) were 
inversely associated with child diarrhea morbidity.95 

Potential for bias or data collection errors
Stevenson’s hygiene index score was correlated with scores 
indicating the social desirability of hygiene, but awareness 
of social desirability explained only 2.5 percent of the vari-
ance in the hygiene index score, indicating relatively small 
degree of bias.96 

95 Webb et al. 2006.
96 Stevenson et al. 2009.
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This document attempts to give a balanced view of each of 
the routinely used and novel methods of measuring hand-
washing behavior. Positive and negative attributes of each 
method have been described (see Table 1). The attempt to be 
balanced may lead to skepticism about the utility of measur-
ing handwashing behavior at all. Since there are few perfect 
measurements available for outcomes of human behavior or 
health, researchers and public health practitioners must fre-
quently accept the limitations of the measures available to 
them, but not get paralyzed by those limitations. Examples 
of imperfect measures that still provide useful and necessary 
information are self-reported breastfeeding or self-reported 
use of oral rehydration therapy for diarrhea treatment, as 
well as caregiver reported symptoms of childhood diar-
rhea and other illnesses. These measures are undertaken in 

every Demographic and Health Survey (DHS) and every 
Multiple Indicator Cluster Survey (MICS) undertaken in 
resource-poor countries. While these self-reported measures 
may exaggerate individuals’ true practices and health condi-
tions, they do provide insights into trends in these behav-
iors over time and important predictors of child morbidity 
and mortality. To that end, described below are potential 
approaches to measuring handwashing behavior for a vari-
ety of program types and settings. Reference to health out-
comes as proxy measures of handwashing behavior has been 
intentionally minimized, since, almost universally, mea-
surement of health outcomes such as diarrhea incidence or 
prevalence is very costly. As indicated below, additional data 
on the relationship between other measures of handwash-
ing behavior and health outcomes is clearly needed. 

  

ConclusionIII.
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Here, we provide recommendations for the measurement 
of handwashing behavior in low- and middle-income coun-
try contexts. The recommendations below are made on the 
basis of ease of data collection and potential cost to the pro-
gram or study. The focus here is on the measurement of 
handwashing behavior, although we comment on the util-
ity of collecting data regarding knowledge, attitudes, and 
health outcomes in some of these contexts.

Well-funded Handwashing Promotion 
Programs or Research Studies
Well-funded programs or studies have the resources to in-
volve experienced researchers with research and statistical 
expertise. Ideally, such studies should strive to use the most 
rigorous methods to measure handwashing behavior. Spe-
cifically, structured observations are recommended. Struc-
tured observation data can elucidate handwashing behavior 
for specific household members, e.g., primary caregivers of 
young children, and/or during particular critical times, e.g., 
after defecation. 

Rapid observations, which are proxies, should also be in-
cluded among measures of handwashing behavior used in 
well-funded programs. These observations provide useful 
information on the facilitating environment found in the 
home for good handwashing behavior.

For measurement of changes in knowledge or attitudes, or 
exposure to handwashing promotion programs or specific 
messages, questionnaires may prove useful. As noted above, 
the use of questionnaires for measurement of handwashing 
behavior is not recommended, since self-reported hand-
washing behavior overestimates observed behavior.

At present, random or critical-time measurement of hand 
contamination is also not recommended as a measure of 
handwashing behavior, given the substantial variability de-
tected in several studies described above. But, as detailed 
below, well-funded programs or research studies may serve 
as opportunities for improving upon this measure. Future 
studies should address the utility of indicator organisms 
other than E. coli, whether variability in hand contamina-
tion is evident in other laboratories, and the relationship 

between hand contamination and health outcomes. Well-
funded studies may also be ideal for testing of new technol-
ogies, such as sensors, for the measurement of handwashing 
behavior.

Several questions of import may be answered in the con-
text of well-funded public health program evaluations and 
research studies:

• There is a fundamental gap in the literature on 
the relationship between the various measures of 
handwashing behavior and health outcomes. For 
most measures, there is a paucity of information on 
whether changes in a given handwashing measure are 
correlated with changes in risk of health outcomes of 
interest, such as diarrhea and respiratory infections. 
We strongly recommend that well-funded research 
studies and programs include measurement of both 
behavioral outcomes and health outcomes in the 
same study populations, and preferably in a longitu-
dinal fashion, in order to examine these relationships 
in detail.

• Well-funded programs and research studies may be 
opportunities to validate novel methods, such as 
video observation, sensor-based methods, and hand 
cleansing product consumption. 

• The utility of handwashing indices may be further 
examined, particularly in relationship to health 
outcomes, and as a means of identifying important 
explanatory factors associated with handwashing 
behavior.

• At present, there is still a paucity of published effec-
tiveness data regarding the impact of public health 
programs on behavioral and health outcomes. It is 
strongly recommended that effectiveness data (posi-
tive, negative, and neutral) be published in peer-
reviewed literature in order to inform the public health 
community, policy makers, and funding agencies. 

Handwashing Promotion Programs 
with Minimal Funding
Ideally, these programs, as better-funded programs, would 
obtain objective measurement of handwashing behavior 

Recommendations for Various ScenariosIV.
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with structured observations. Cost is the primary limiting 
factor. Program evaluation staff are strongly encouraged to 
consult statistical and/or epidemiologic expertise in order 
to determine required sample sizes for measurement of 
handwashing behavior using structured observations, or 
sensor-based methods. Indeed, these more robust but more 
costly methods may be carried out in a subset of partici-
pants. Universal recommendations regarding sample sizes 
cannot be made here, given the diversity in program types, 
evaluation designs, and program goals and targets. 

Rapid observations, which are proxies, are certainly recom-
mended as efficient measures of handwashing behavior in 
meagerly-funded public health programs. Also, such pro-
grams may consider other approaches, perhaps in a subset 
of sample populations; these include structured observa-
tion, video observation, inspections of hand cleanliness, 
and hand cleansing product consumption.

Questionnaires remain useful for measurement of knowl-
edge, attitudes, and program exposure. 

Nationally Representative Surveys, 
e.g., DHS or MICS Surveys
The Demographic and Health Surveys are described as 
“nationally-representative household surveys that provide 
data for a wide range of monitoring and impact evaluation 
indicators in the areas of population, health, and nutrition.” 
The multi-indicator cluster surveys (MICS) are conducted 
by UNICEF and may be described similarly. DHS and 
MICS surveys are conducted every three to five years in 
most low- and middle-income countries. Handwashing is 
only one of a myriad number of topics covered in these 
surveys and, thus, measurement of handwashing behavior 
is necessarily restricted to the most efficiently administered 
questions. It is not feasible to do more intensive measure-
ments, such as structured observations, in the context of 
these large nationally representative surveys. Therefore, the 
use of rapid observations of handwashing materials is rec-
ommended and has been adopted. 
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