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Abstract
Hands are the most common mode of transmission of infection from bacteria and viruses.
Washing hands with soap and water is the most effective method for decreasing transmission of
infection; however, research suggests that children do not routinely wash their hands using
methods that healthcare agencies have determined best practice. Researchers have evaluated
various antecedent and consequent strategies to address appropriate handwashing in young
children. More research is needed, however, regarding the efficacy and efficiency of teaching
and measuring handwashing accuracy and quality in young children. One method for assessing
handwashing quality is comparing pre- and post-handwashing levels of proxy contamination
using image analysis software. Further evaluation of the correlation between handwashing
accuracy and hand cleanliness using proxy contamination should be conducted to determine the
validity of this analysis method. The purposes of the current study were to (a) conduct a
retrospective data analysis from a series of studies with children on errors made during
handwashing and handwashing quality using an index of hand cleanliness and (b) examine the
utility of an image analysis method as a measurement tool for hand cleanliness. Overall results
suggest that the most important components of handwashing for increasing hand cleanliness
include use of soap, amount of vigor, scrubbing the tops and palms of hands, and duration of
scrubbing.
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Illnesses in Young Children
Several microbiological studies have shown that respiratory droplets and fecal particles,
which contain pathogens (i.e., bacteria or viruses) that cause infections, are commonly found on
hands (Rabie & Curtis, 2006). Respiratory droplets are produced when an infected person
coughs, sneezes, talks, or breathes (Centers for Disease Control and Prevention [CDC], 2020).
These infectious respiratory droplets may land on the individual’s hands and then transfer to
other people or various surfaces (e.g., doorknobs, tables, toys) after contact with hands;
respiratory droplets may also land directly on surfaces (CDC, 2020). After handling a
contaminated surface, a novel person may become infected after touching their nose, mouth, or
eyes. Thus, hands are a common mode of transmission of infection from bacteria and viruses.
Young children are highly likely to acquire infections due to the tendency to put their hands or
items that have been touched by others in their mouth (Aronson & Shope, 2019; Day et al., 1993;
Pickering, 1986). In addition, children who attend out-of-home care (e.g., preschool and daycare)
come into close contact with multiple other individuals, such as teachers and other children,
which makes them more susceptible to infections than children who do not attend out-of-home
care (Niffenegger, 1997).
Most recently in March 2020, the World Health Organization declared the outbreak of
COVID-19, a severe respiratory disease caused by a novel coronavirus, a pandemic (WHO,
2020). The virus that causes COVID-19 is currently known to spread rapidly through respiratory
droplets of infected individuals. According to the CDC, individuals who are physically near (i.e.,
within 6 ft) or in direct contact with people with COVID-19 are at highest risk of infection due to
close exposure to respiratory droplets. According to the National Institutes of Health (2020), the
virus that causes COVID-19 is detectable on many surfaces for several hours. Although COVID-
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19 spreads less commonly through contact with surfaces, a healthy individual could become
infected after touching a surface containing the virus and then touching their own mouth, nose,
or eyes (CDC, 2020). It is currently understood that children with COVID-19 generally have
mild symptoms; however, recent research suggests individuals with COVID-19 may spread the
virus without showing symptoms (Mizumoto et al., 2020).
Child illnesses result in several negative outcomes. First, infected children are often
carriers of infection to family members due to frequent hands-on contact with caregivers (Neuzil
et al., 2002). In fact, parents become sick in approximately 40% of child respiratory illness
episodes and 36% of acute diarrheal episodes (Sacri et al., 2014). Second, approximately 75% of
children’s school absences are attributed to illness (Lau et al., 2012; Wang et al., 2017). Missing
school, even at an early age, can result in delays in skill acquisition and disrupt a child’s routine
(Lamdin, 2010). The University of Chicago Consortium on School Research (2013) examined
the effects of absenteeism on learning outcomes across eight Chicago preschool programs and
found a correlation between the numbers of days missed and scores on end-of-year kindergartenreadiness tests. Specifically, the more days of preschool a student missed during the year, the
lower they scored on pre-academic and social-emotional development readiness tests (controlling
for entering skills). Overall results suggested that reducing the risk of infection and illness in
children would prevent more than half a child’s absences from school. To keep children healthy
and avoid spreading infection to others, healthcare agencies such as the World Health
Organization (WHO) and CDC recommend that children engage in “everyday preventive
behaviors,” including handwashing.
Importance of Handwashing
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Based on decades of microbiological research, healthcare agencies (e.g., CDC, WHO)
have determined that the most important components of handwashing include using soap,
vigorously scrubbing the hands, and ensuring that all parts of the hands (i.e., tops, palms, in
between fingers, and fingernails) are scrubbed for approximately 20 seconds (CDC, 2015; WHO,
2009). Using soap during handwashing is more effective than using water alone due to
compounds in soap (i.e., surfactants) that lift pathogens and soil from the hands (Jensen et al.,
2015; Luby et al., 2011). Several studies have demonstrated the efficacy of handwashing with
soap to remove various viruses and bacterial from the hands, such as Enterobacter (i.e., bacteria
that cause respiratory tract infection; Burton et al., 2011), E. coli (i.e., bacteria that cause
gastrointestinal infection; Lin et al., 2003), and adenoviruses (i.e., viruses that cause respiratory
infection; Aiello et al., 2008). In a study evaluating handwashing efficacy with and without soap
for preventing pneumonia in Pakistani children, Luby and colleagues (2005) found that
handwashing with soap, regardless of antibacterial formulation, was effective for preventing
pneumonia. The mean incidence of pneumonia (i.e., number of new episodes of illness per 100
person-weeks) for children who washed hands with water only was twice as high (4.40) than in
children who washed hands with antibacterial soap (2.42) and plain soap (2.20).
In addition to using soap, thoroughly rubbing hands together creates friction, which helps
carry pathogens away from the skin (Hoque, 2003; Luby et al., 2007). In one study, Hoque
(2003) evaluated the effects of using various rubbing agents (i.e., handwashing with either soap,
ash, soil, or water only) during post-defecation handwashing on the level of fecal contamination
on hands with 90 women in rural Bangladesh. Experimenters used microbial sampling to
measure the number of fecal coliform units grown from samples of women’s hands. After
handwashing, participants rinsed their hands in a container of saline solution to create microbial
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samples. Experimenters applied these samples to agar plates and counted the number of colonies
(i.e., groups of growth) to determine the number of fecal coliform units. Results showed that
rubbing both hands together with any of the three agents (i.e., soap, ash, or soil) resulted in lower
numbers of fecal coliform units compared to rubbing hands together with water only. That is,
washing hands with a rubbing agent that creates friction, such as soap, resulted in less fecal
contamination than washing hands without a rubbing agent. With respect to duration of
scrubbing, few studies have evaluated the health effects of various handwashing durations;
however, evidence from these studies suggests scrubbing hands for 15-30 seconds removes more
soil and pathogens from hands than scrubbing for shorter durations (Fuls et al., 2008; Jensen et
al., 2015; Todd et al., 2010). In one study, Jensen et al. (2015) used microbial sampling to
measure the effects of handwashing without soap for 20 s and 5 s on the colony reduction of
bacterial contamination on hands. To control for pre-handwashing levels of bacterial
contamination, experimenters instructed participants to spread 5 g of ground beef contaminated
with Klebsiella aerogenes (i.e., bacteria normally found in human intestines that do not cause
infection in healthy individuals) on their hands for 30 s. Participants then scrubbed all areas of
the hands under running water for 20 s or 5 s, depending on the condition. Results showed that
handwashing without soap for 20 s produced a greater reduction in bacterial contamination (1.1
log colony reduction) than handwashing without soap for 5 s (1.0 log colony reduction).
Washing hands with soap and water is more effective than alcohol-based hand sanitizers at
removing most types of infectious particles; however, the CDC recommends hand sanitizer may
be an appropriate alternative when soap and water are unavailable (CDC, 2020; Charbonneau et
al., 2000).
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In addition to recommendations for how to wash hands, healthcare agencies also
recommend key occasions for when to wash hands to prevent pathogen transmission (CDC,
2020). Given that hands are common carriers of respiratory droplets and fecal particles that
transmit infection, hands should be washed with soap and water after contact with sources of
these pathogens. Handwashing following toileting or diapering can prevent germs transmitted
through feces, such as Salmonella, E. coli, and norovirus, that cause diarrhea (Franks et al.,
1998). Respiratory droplets, which can transmit adenovirus (i.e., common cold) and enterovirus
(i.e., hand-foot-mouth disease), are produced when a person coughs or sneezes; thus,
handwashing should occur after coughing, sneezing, or coming into contact with saliva and
mucus (Franks et al., 1998). Finally, hands should be washed prior to eating or preparing food to
prevent germs from spreading or multiplying on food, which could infect others (Todd et al.,
2010). The National Association for the Education of Young Children (NAEYC) Accreditation
Standards (NAEYC, 2019) recommends practices for promoting and protecting children’s health
in early childhood environments, such as preschools and daycares. The NAEYC recommends
children thoroughly wash their hands for 20 s with soap upon arrival for the day, after toileting,
after handling bodily fluids (e.g., wiping their nose, coughing on hands), before and after eating,
and after playing outside (NAEYC, 2019).
Interventions for Addressing Handwashing
Various studies have been conducted to address handwashing in young children. Often,
these interventions are packaged interventions that involve both antecedent and consequent
manipulations. These antecedent procedures include providing rationales and instructions (e.g.,
Carabin et al., 1999; Ponka et al., 2004; Rosen et al., 2006), modeling how to correctly wash
hands (e.g., Au et al., 2009; Day et al., 1998; Deochand et al., 2019; Jess et al., 2019; Rosen et
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al., 2011; Rosenberg et al., 2010), and auditory prompts (e.g., Kramer, 1978; Lee et al., 2015).
Consequent procedures include providing vocal feedback (e.g., Jess et al., 2019) and visual
feedback (e.g., Dingman et al., 2020; Fishbein et al., 2011; Oncu et al., 2018; Snow et al., 2008).
Rationales and Instructions
Rationales are statements that describe reasons why an individual should, or should not,
engage in a particular behavior (Wilder et al., 2010). Many studies using rationales and
instructions for addressing handwashing in children have involved discussing the importance of
handwashing (e.g., washing hands can remove germs that get you sick) and describing correct
handwashing (e.g., telling children when to wash hands; Carabin et al., 1999; Ponka et al., 2004;
Rosen et al., 2006). For example, Ponka et al. (2004) presented preschool children with a video
about disease transmission and described how handwashing removes germs. The video stressed
the importance of key times to wash hands but did not describe how to appropriately wash hands.
The experimenters presented the video and discussed these topics with the preschool staff during
an in-service workshop prior to the study. Results showed that children under 3 years in the
intervention group missed fewer days of school due to illness than children in the control group;
however, children over 3 years showed no statistically significant difference between
intervention and control groups. This may be because staff physically assisted younger children
during handwashing, whereas older children were not provided physical assistance. Based on the
results of studies involving rationales and education, these methods are generally ineffective
when implemented alone and should be used in conjunction with other intervention components
(Staniford & Schmidtke, 2020). Research is needed to determine the optimal contexts in which
rationales and education may promote frequent handwashing; for example, additional research
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may evaluate the role rationales and education have in maintaining frequent handwashing after
using other evidence-based methods.
Modeling
Modeling is a teaching procedure in which a particular behavior is demonstrated for a
learner (Miltenberger, 2016). Models can be presented in-person (i.e., live) or via video or other
symbolic presentation. Live models involve a learner observing an individual (e.g., teacher,
nurse, peer) engaging in a particular behavior. Modeling as a procedure to teach handwashing is
mostly used with young children and adults with developmental disabilities, including live
models (e.g., in-person; Au et al., 2009; Day et al., 1998; Rosen et al., 2011) and symbolic
models (e.g., video models, cartoons, puppets; Deochand et al., 2019; Jess et al., 2019;
Rosenberg et al., 2010). With respect to live models, Walmsley et al. (2013) used in-person
models as one component in a training procedure to teach handwashing to five young adults with
various disabilities. During all handwashing training sessions, experimenters modeled correct
handwashing for individual participants at a sink and vocally stated each step as it was
completed; handwashing steps included wetting the hands, dispensing soap, scrubbing all areas
of the hands for 15 s, and rinsing soap off of hands. After modeling correct handwashing, the
experimenter instructed the participant to practice washing their hands. The experimenter
implemented least-to-most prompting (i.e., gestural, partial physical, full physical prompts) if a
participant omitted a handwashing step or performed a step incorrectly during rehearsal.
Handwashing training sessions continued until a participant correctly performed all handwashing
steps without prompting for two consecutive sessions. Throughout the study, experimenters used
Glo-Germ™ to measure handwashing effectiveness; that is, after handwashing, experimenters
observed the amount of remaining Glo-Germ™ on participants’ hands and assigned a score
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based on hand cleanliness. Because handwashing accuracy data were only collected during
handwashing training and not throughout the study, the long-term effects of modeling on
handwashing accuracy were not determined. Additionally, the modeling procedure was evaluated
in conjunction with prompting, so it is unknown what effect modeling alone would have on
participants’ handwashing. In two similar studies, Day et al. (1998) implemented a package
training that included a nurse modeling correct handwashing for thirteen first-grade children.
After a discussion about the importance of handwashing at certain times, nurses modeled
appropriate handwashing at classroom sinks and instructed the children to practice the
handwashing steps. Following the intervention, children’s handwashing quality increased and
maintained during monthly observations. Again, it is unknown how effective the modeling
procedure would be if used without other treatment components. Further research is needed to
determine live modeling procedures that are effective when used in isolation to teach
handwashing to young children.
Several studies have used video modeling to address handwashing in young children.
Some studies using video models have used unknown models (e.g., Deochand et al., 2019; Early
et al., 1998), whereas some have used experimenter-created videos showing known models, such
as teachers or peers (e.g., Jess et al., 2019, Rosenberg et al., 2010). With respect to unknown
models, Deochand et al. (2019) presented a handwashing video created by the World Health
Organization to three children with developmental disabilities in an attempt to increase
handwashing accuracy and duration. Experimenters presented the video model prior to each
handwashing observation; however, all children required individualized error correction and
feedback in addition to the video model to increase handwashing duration and accuracy. The
additional treatment components were introduced at the same time, so it is unknown which
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individual or combined components are responsible for the behavior change. In another study,
Early et al. (1998) provided a one-time handwashing assembly to all first- and fourth-grade
students at two elementary schools. During the assembly, experimenters showed a video of a
clown demonstrating accurate handwashing. Following the video presentation, other educational
materials were presented, including posters depicting accurate handwashing, a discussion on
germ transmission, and stickers for participation. During post-intervention observations, the
percentage of children washing their hands before lunch and after bathroom use slightly
increased from 64% during pre-intervention observations to 72%. Similar to other studies using
models to address handwashing, it is unknown what effect the clown handwashing video model
would have on handwashing frequency when presented in isolation.
With respect to known models, Jess et al. (2019) presented a handwashing video to three
groups of 14 preschool children showing a known adult engaging in accurate handwashing (i.e.,
following CDC recommendations) in an attempt to increase handwashing accuracy and quality.
The video showed the adult with dirty hands (e.g., covered in washable markers) and showed
images of Glo-Germ™-illuminated hands before handwashing (i.e., tops, bottoms, and between
fingers of both hands illuminated) while the narrator explained that the illuminated areas were
germs that need to be washed off. The narrator described each handwashing step and instructed
participants to practice while the known adult engaged in that step in the video. Then, the
narrator taught a 20-s handwashing song and instructed participants to sing while the known
adult washed their hands. After watching the video model, participants washed their hands. In
addition to the video model, experimenters also provided visual feedback regarding handwashing
quality by showing children pictures of their Glo-Germ™-illuminated hands. Results of the
group analysis showed that the intervention was effective for increasing the number of correctly
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completed handwashing steps and decreasing the amount of post-handwashing illuminated GloGerm™ for all children.
Overall, results of studies involving handwashing models indicate modeling may be an
effective component for increasing handwashing in children when combined with other
strategies, such as prompting and feedback. However, there are limitations to these studies that
should be addressed. First, because many studies included multiple treatment components, it is
unknown what combination of additional treatment strategies are necessary and sufficient for
modeling to be effective. Second, it is unknown how many model presentations are needed to
produce behavior change. That is, some studies presented a model one time, whereas other
studies presented a model prior to each handwashing observation. Finally, results of these studies
suggest that videos of known models may improve handwashing accuracy better than videos of
unknown models. It is unknown, however, which characteristic similarities are responsible for a
model to be most effective. Future research should involve component analyses of various
treatment components that improve the effectiveness of handwashing models, as well as
evaluating the number of presentations necessary to promote accurate handwashing. More
studies should also compare the effects of known versus unknown models, as well as live versus
symbiolic models, on the accuracy and frequency of children’s handwashing.
Auditory Prompts
Prompts are antecedent stimuli intended to promote a specific response in the presence of
a discriminative stimulus (SD; Cooper et al., 2007). Auditory prompts are audible sounds, such as
alarms or songs, used to occasion specific responding (Alberto et al., 1999). Several studies have
included auditory prompts, such as singing handwashing-related songs, as part of treatment
packages (e.g., Lee et al., 2015; Jess et al., 2019; Rosen et al., 2006). In one study, Kramer
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(1978) taught 21 preschool-aged children a 10-step handwashing procedure using a handwashing
song that described each step in the procedure. Across 10 training sessions, children first sang
the handwashing song as a group and then individually practiced washing their hands while
experimenters played a recording of the handwashing song. Results showed that the
handwashing song was effective for increasing the number of correctly completed handwashing
steps from baseline levels for 19 of the 21 participants. In another study, Lee et al. (2015)
evaluated the effects of a handwashing teaching package, which included teaching a
handwashing-related song, on the handwashing quality of children with disabilities. The teaching
package included a handwashing video model, visual prompts in the form of posters depicting
correct handwashing steps, teaching children a 20-s song that described areas of the hand to
scrub, and prompting children to sing the handwashing song while they washed their hands.
Experimenters measured participants’ handwashing quality using a 4-point scale rating of posthandwashing levels of illuminated Glo-Germ™. After the handwashing teaching package was
introduced, children’s handwashing quality ratings increased from baseline levels, suggesting
improved handwashing behavior.
Results of studies including songs to address handwashing in young children suggest that
singing a song during handwashing may promote and maintain appropriate handwashing.
Additionally, singing a song that describes areas of the hands to scrub may function as a selfinstruction. That is, the lyrics of a handwashing song may direct children to engage in the
specific steps that are described. Various public health agencies (e.g., CDC, WHO) suggest
individuals sing a 20-s song (e.g., “Happy Birthday”) during handwashing to promote
appropriate handwashing duration; however, it is unknown if handwashing-related songs may
influence correct handwashing accuracy or quality more than non-handwashing songs. Thus,
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future research should compare the effects of teaching and singing handwashing-related versus
non-handwashing-related songs to determine the extent to which the handwashing song exerts
stimulus control over accurate handwashing. Researchers may also be interested in further
determining the effects of auditory stimulus control on accurate handwashing. That is, following
teaching correct handwashing using treatment packages with auditory prompts (e.g., singing
song during handwashing), researchers should evaluate the continued effects of auditory prompts
without other treatment components on children’s maintenance of accurate handwashing.
Feedback
Feedback is the presentation of stimuli that describe characteristics of a response and the
relation between previous responding and a target response, or goal; thus, the parameters of
feedback covary with parameters of a response (Mangiapanello & Hemmes, 2015). Various
forms or modalities of feedback include performance feedback (e.g., vocal statements and
written evaluations; Johnson, 2013) and visual feedback (e.g., viewing recorded videos of
responding; Sigurdsson & Austin, 2008; Smith et al., 1960). Many studies have used
performance feedback in the form of visual feedback to show children how well they washed
their hands using a substitute product for germs, such as common household products (e.g.,
glitter and petroleum jelly; Oncu et al., 2018; Snow et al., 2008). Other studies have used UVsensitive lotion, such as Glo-Germ™ (Au et al., 2009; Deochand et al., 2019; Dingman et al.,
2020; Fishbein et al., 2011; Jess et al., 2019). The removal of Glo-Germ™ during handwashing
corresponds with the removal of actual germs from hands. That is, Glo-Germ™ remaining on
hands following handwashing indicates areas that were not adequately cleaned. For example,
Snow et al. (2008) implemented a one-time hands-on Glo-Germ™ exercise to increase
handwashing accuracy with groups of elementary school children. After modeling appropriate
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handwashing for children, experimenters dispensed Glo-Germ™ on children’s hands and
allowed children to observe their “dirty” hands under UV light. Experimenters then instructed
children to wash their hands and reminded children to remove the germs from their hands. After
handwashing, children again observed their hands under UV light to see the effectiveness of their
handwashing. Results showed the Glo-Germ™ demonstration was more effective in promoting
handwashing compliance over time compared to instructions and modeling alone; however,
visual feedback was only implemented following the single demonstration. One reason why
visual feedback may be an effective procedure for promoting effective handwashing is that
visual feedback regarding initial handwashing performance may serve as a prompt to scrub
specific areas of the hands in the future. For example, if post-handwashing visual feedback
shows that a child did not effectively remove Glo-Germ™ from the tops or fingernails of their
hands, the child may attend to scrubbing those specific areas during subsequent handwashing
opportunities. Although visual feedback may be an effective method to increase accurate
handwashing in children, limitations of previous studies should be addressed in further research.
Handwashing interventions using visual feedback may be burdensome for teachers or school
staff to implement with every student. Researchers may be interested in finding less resource
intensive methods for delivering visual feedback in the school environment or identifying the
optimal schedule of providing visual feedback. That is, researchers should evaluate the
difference between daily, weekly, or intermittently scheduled visual feedback delivery on the
accuracy and quality of children’s handwashing, as well as the effects of intermittent visual
feedback on maintenance of accurate and effective handwashing over time.
With respect to vocal feedback, Deochand et al. (2019) used Glo-Germ™ to provide
visual feedback of initial handwashing attempts and described the areas that were missed with

14
adolescents with intellectual disabilities. That is, experimenters applied Glo-Germ™ to
participants’ hands, instructed them to wash their hands, and then showed participants their UVilluminated hands following handwashing. If a participant’s hands remained illuminated with
Glo-Germ™ after handwashing, experimenters offered participants the opportunity to rewash
their hands (error correction). Results of this evaluation showed that the visual feedback and
error correction procedure was effective for increasing hand cleanliness over time. In a similar
study, Jess et al. (in preparation) provided in-situ feedback to children regarding incorrect
handwashing steps. That is, if a child failed to complete or incorrectly completed a handwashing
step, the experimenter interrupted handwashing, provided vocal feedback regarding that step, and
instructed the participant to continue washing their hands. Although these error correction
procedures were implemented in packaged interventions that included video modeling and visual
feedback, results suggest error correction and in-situ feedback may be important components for
increasing handwashing accuracy and quality. The results of these studies replicate previous
research on the effects of in-situ feedback on young children’s behavior (e.g., Dib & Sturmey,
2007; Houvouras & Harvey, 2014; Schreibman et al., 1983). The in-situ feedback component
implemented in Jess et al. (2019) consisted of delivering verbal feedback, modeling the correct
behavior, and having the participant rehearse the correct behavior (i.e., behavioral skills
training), which has been shown to be an effective procedure in teaching children a variety of
skills (e.g., Miltenberger, 2008; Poche et al., 1981). Furthermore, there are several reasons why
these error correction and vocal feedback procedures may be effective. For example, requiring
the participant to practice the correct response prior to moving on in the response sequence may
function as positive practice or negative reinforcement. With respect to positive practice,
repeated practice of a correct response has been shown to be effective in increasing the practiced
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behavior (e.g., Carey & Bucher, 1981); that is, positive practice may provide more opportunities
for the participant to emit the correct response under appropriate stimulus conditions, which may
enhance stimulus control over correct responding in the future (e.g., Worsdell et al., 2005). For
example, the participants may have engaged in correct handwashing behavior because of the
additional practice of the correct responses under similar conditions. With respect to negative
reinforcement, in-situ feedback may potentially include sources of negative reinforcement (e.g.,
Ingvarsson & Hollobaugh, 2010); that is, participants may engage in correct responding to avoid
repeated practice of the correct response. For example, the participants may have engaged in
correct handwashing behavior to avoid the implementation of error correction or in-situ feedback
and avoid a prolonged session. This negative reinforcement contingency would only operate if
the implementation of in-situ feedback was nonpreferred or aversive to a participant.
In summary, results of studies addressing handwashing in young children suggest a
combination of both antecedent and consequence strategies should be used to teach and maintain
appropriate handwashing. In addition to the limitations mentioned above, this literature has
several other limitations. Many studies addressing handwashing in young children have used
group and pre-post designs to determine the effects of interventions on handwashing (e.g., Au et
al., 2009; Day et al., 1998; Early et al., 1998). Therefore, individual effects of the intervention
are unknown and repeated measures of the effects are not evaluated. Some studies (e.g.,
Hagiwara & Myles, 1999; Kissel et al., 1983; Luke & Alavosius, 2011; Rosenberg et al., 2010;
Walmsley et al., 2013) have used single-subject designs (e.g., multiple-baseline-acrossparticipants designs) to evaluate the effects of handwashing interventions; however, many of
these studies attempted to increase handwashing in adults. Therefore, additional research should
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be completed using single-subject-design methodology to determine individual effects of
handwashing interventions in young children.
In many studies addressing handwashing in young children (e.g., Carabin et al., 1999;
Guinan et al., 2002; Roberts et al., 2000), experimenters trained teachers or staff on the
intervention components to implement in the schools or day care centers. Of the studies
involving teacher or staff implementation of the intervention, most did not collect or report data
on treatment integrity (e.g., Harrison, 2012; Ponka et al., 2004); thus, it is unknown whether the
teachers or staff implemented the intervention correctly. This is important because treatment
integrity of interventions is associated with treatment effects (Gresham et al., 1993); that is, high
levels of treatment integrity have been shown to result in greater treatment effects than low
levels of treatment integrity (Fiske, 2008). It is possible that the studies would have shown
greater treatment effects if the experimenters ensured correct intervention implementation. In
future evaluations of handwashing interventions, experimenters should collect and analyze data
on treatment integrity to ensure interventions are implemented with high integrity.
More research is still needed regarding the efficacy and efficiency of teaching and
measuring handwashing accuracy and quality in young children. One such method for assessing
handwashing quality is comparing pre- and post-handwashing levels of proxy contamination
using image analysis software. This assessment method has been used in several studies with
young children; however, further evaluation of the correlation between handwashing accuracy
and hand cleanliness using proxy contamination should be conducted to determine the validity of
this analysis method.
Handwashing Measurement
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Several measurement methodologies have been utilized in handwashing research to
assess the frequency, accuracy, and effectiveness of handwashing behavior (Haas & Larson,
2007). Methods for assessing various dimensions of handwashing include direct measures, such
as direct observation of handwashing frequency and accuracy, and indirect measures, such as
microbial sampling, incidence of illness, and image analysis (Deochand & Deochand, 2016;
Rotter et al., 2017; WHO, 2006).
Direct Observation
Direct observation involves observing an individual during handwashing and recording
data on aspects of handwashing behavior (e.g., frequency and accuracy). Observational recording
is the most objective and reliable method for assessing handwashing for several reasons (WHO,
2006). First, direct observation allows an observer to record opportunities for handwashing, such
as after toilet use, and handwashing behavior during such opportunities to determine appropriate
handwashing frequency (Haas & Larson, 2007). Second, observers can use a checklist or other
direct observation scoring system to monitor the accuracy of handwashing behavior and specific
errors made during handwashing, such areas of the hands scrubbed, amount of vigor used to
scrub, duration of scrubbing, and use of soap (Gould et al., 2007). Finally, direct observation of
handwashing behavior allows for repeated observations across individuals, which allows
observers to determine the effects of interventions at the individual level (Haas & Larson, 2007).
However, one disadvantage of conducting repeated observations across individuals is that data
collection may require excess time and effort. Additionally, in-person observations may also
influence participants’ handwashing behavior due to observer reactivity (Pickering et al., 2014).
To address these limitations, observers should consider several observation practices, such as
probe data collection and conducting covert observations. Collecting probe data on handwashing

18
behavior involves infrequently observing handwashing across various situations, which is a less
resource-intensive method for assessing behavior (Lerman et al., 2011). Covert observations
involve collecting data on handwashing behavior without informing individuals of the nature of
the observation (Franklin et al., 1996).
With respect to studies measuring handwashing in young children, some studies have
used direct observation measures, such as the frequency of handwashing (e.g., Early et al., 1998;
Rosen et al., 2006); however, it is unclear how accurate children were in washing their hands
with respect to best practices. Additionally, increases in the frequency of handwashing in which
multiple best-practice steps are missing or done incorrectly likely will not have any influence on
infections or the cleanliness of hands. Thus, it is important to measure both the degree of
cleanliness and the accuracy of handwashing, and research on which handwashing variables
result in hand cleanliness is warranted.
Microbial Sampling
Microbial sampling involves comparing the amount of microbial (i.e., viral or bacterial)
colony-forming units (CFU) grown from pre- and post-handwashing samples on agar plates to
determine the effectiveness of handwashing (Rotter et al., 2017). Experimenters can collect
microbiologic samples by pressing parts of the hand (e.g., fingertips or palms) directly onto an
agar plate or by swabbing hands with a moistened cotton swab and applying the swab to an agar
plate (Jensen et al., 2015). After at least 24 hr of incubation to allow cultures to cultivate,
experimenters count the number of CFU present on the plate (Hautemaniere et al., 2009). This
method allows experimenters to determine the quality of handwashing by comparing the number
of CFU growth of pre- and post-handwashing samples; reductions in the number of colonies
present on post-handwashing samples as compared to pre-handwashing samples indicate
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handwashing efficacy. This method, however, is expensive to employ, requires a sterile
laboratory environment, and takes at least 24 hr for microbes to grow (Hansen & Knochel,
2003). Thus, less resource-intensive methods for accurately measuring hand cleanliness are
warranted.
Some studies assessing handwashing in young children have used microbial sampling
measures, such as the level of fecal contamination on hands (e.g., Carabin et al., 1999; Randle et
al., 2013). For example, Carabin et al. (1998) measured the average number of fecal coliforms
(i.e., bacteria found in fecal matter) per pair of hands and per toy in a child care center by rinsing
hands and toys in a saline solution and then filtering and incubating the saline solution to identify
the particle colonies per ml. This type of outcome measure, however, does not involve directly
observing children engaging in handwashing; therefore, it is unknown whether children wash
their hands correctly or more often.
Incidence of Illness
Some studies addressing handwashing in young children have measured the incidence of
illness or infection (e.g., Nandrup-Bus, 2009; Ponka et al., 2004; Roberts et al., 2000) rather than
directly observing or measuring handwashing behavior. For example, Ponka et al. (2004)
determined the effects of a handwashing intervention by measuring the number of days children
were absent from a preschool program due to various illnesses, including upper respiratory
infections, ear infections, pink eye, and diarrhea. One limitation to using the incidence of illness
as a measure for handwashing adherence is that it is possible that variables other than
handwashing may influence the outcome measure. For example, infections that result in a child
being absent from school may be caused by airborne transmission of infectious repiratory
droplets rather than the lack of appropriate handwashing. Additionally, as with other outcome
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measures, measuring the incidence of illness does not allow researchers to determine whether
children wash their hands correctly or more frequently.
Image Analysis
Another method used to assess handwashing quality is image analysis of fluorescence
remaining on hands following handwashing. This method involves applying an ultraviolet (UV)
sensitive substance (e.g., Glo-Germ™) to participants’ hands prior to handwashing and
comparing the surface area of UV-illuminated areas prior to and following handwashing.
Experimenters can determine an index of hand cleanliness based on the reduction in fluorescence
following handwashing; the greater the reduction in post-handwashing fluorescence, the cleaner
the hands. Some researchers have measured handwashing efficacy by assigning rating scores of
hand cleanliness based on post-handwashing levels of illumination (e.g., Lee & Lee, 2014;
Walmsley et al., 2013); that is, experimenters view participants’ hands under UV light after
handwashing and assign a score related to the amount of illumination remaining on hands. This
visual analysis method, however, can require extensive observer training and reliability checks to
ensure accurate and valid measurement. Other researchers (e.g., Deochand & Deochand, 2016;
Jess et al., 2019) have used image-analysis software to quantify the amount of illumination
remaining on hands; the image-analysis software can measure the surface area of illuminated
areas of the hands prior to and following handwashing to determine handwashing effectiveness.
One image-analysis software that has been used in behavior-analytic research is ImageJ (Jess et
al., 2019). ImageJ, developed by the National Institutes of Health, can be calibrated to calculate
dimensional measurements, such as the surface area of an item in an image. One limitation of
this software for analyzing images of hands is that there may be surfaces of the hand (e.g., under
fingernails, between fingers) that are not easily visible in an image. That is, there may be some
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areas of the hands where the software can not adequately measure. The utility of the ImageJ
image analysis assessment method as a handwashing measurement tool should be examined by
evaluating how the analysis correlates with handwashing factors that may influence hand
cleanliness (e.g., duration, vigor, use of soap). That is, researchers should conduct a parametric
analysis of various handwashing steps and determine the effects of those steps on the outcome of
handwashing. Results of such research may inform which handwashing components are most
important to teach young children.
Purpose
In an attempt to address some limitations of handwashing teaching and measurement
procedures previously evaluated with young children, we conducted a series of studies in which
we used Glo-Germ™ as a tool to teach handwashing to young children and as an additional
measure of handwashing accuracy. In these studies, we measured the percentage of CDC
handwashing steps children performed correctly and the percentage of hands illuminated by GloGerm™ prior to and following handwashing. In our first study, we implemented a handwashing
treatment package consisting of a handwashing rule, singing a handwashing song, video
modeling, and visual feedback of hand cleanliness with groups of children. Although we showed
positive effects for handwashing accuracy and hand cleanliness with the handwashing treatment
package, our treatment package was comprised of multiple components; thus, we did not know
which treatment components were necessary and sufficient for behavior change. To address
some of these limitations, we conducted a second study to evaluate the separate and combined
effects of the handwashing treatment package components using an additive component analysis
with groups of children. We later modified procedures to conduct treatment package sessions
with participants individually and observed more robust treatment effects than when we
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conducted sessions with groups of participants. Given this outcome, it was unclear whether we
would have observed different results of the separate handwashing treatment package
components if we conducted those sessions individually. Therefore, in our third study, we
conducted a component analysis of the handwashing treatment package components across five
different individual participants to determine the components that were necessary and sufficient
for behavior change at the individualized level.
Overall results of these three studies suggested that the entire handwashing treatment
package was effective and necessary to show the largest effect for increasing accurate
handwashing and hand cleanliness. We observed similar results across studies, in that moderate
changes in correct handwashing resulted in large changes in post-handwashing illumination.
Specifically, when correct handwashing reached approximately 60%, we observed a large
decrease in the percentage of hands illuminated by Glo-Germ™ following handwashing.
Therefore, to evaluate the validity of Glo-Germ™ illumination as a handwashing measurement
procedure, in Study 1 of the current study we decided to conduct a retrospective analysis that
involved comparing handwashing errors to post-handwashing illumination levels during baseline
and treatment package sessions across all three previously conducted studies. Based on the
outcomes of the retrospective analysis, we were interested in further validating the Glo-Germ™
illumination measurement procedure in the current Study 2 by evaluating the degree to which the
CDC’s recommended handwashing procedure (i.e., using soap to scrub all areas of both hands
for 20 s) resulted in hand cleanliness with adult participants. We then conducted a parametric
analysis of the handwashing steps included in the CDC handwashing procedure (i.e., duration of
scrubbing, amount of vigor, use of soap, areas of hands scrubbed) to determine the components
necessary and sufficient for optimal hand cleanliness.
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Study 1 Method: Error Analysis
Purpose
The purpose of this study was to conduct a retrospective analysis of data collected from a
series of previously conducted studies in which we used Glo-Germ™ as an additional measure of
handwashing accuracy using image analysis software. We conducted a retrospective analysis of
the data to evaluate the relation between handwashing accuracy and hand cleanliness by
comparing errors made during handwashing to post-handwashing illumination levels during
baseline and treatment package session across all three studies conducted with children.
Participants, Setting, and Materials
Participants across previously conducted Studies 1, 2, and 3 were 21 typically developing
children who ranged in age from 3-years-old to 6-years-old and attended the Educare preschool
program of the Edna A. Hill Child Development Center at the University of Kansas. All
participants could follow multi-step instructions (e.g., “stand up and walk to the sink”) as
reported by classroom supervisors. The participants in the previously conducted Study 1 (n = 10)
and Study 2 (n = 6) were quasi-randomly assigned to one of three experimental groups prior to
the beginning of the studies. The participants in the previously conducted Study 3 (n = 5) were
not assigned to groups. Experimenters conducted one to two handwashing sessions with each
participant every day the preschool classrooms were open. During the first and second studies,
there were at least two children present for every handwashing session across all groups.
Experimenters conducted sessions in the library area and handwashing areas in one of the
university-based preschool classrooms. Prior to some handwashing sessions, the experimenters
presented an instructional video to participants using a laptop computer in the library area.
During all sessions, experimenters provided a “waiting box” that contained toys and activities
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commonly available in the classroom (e.g., paper and crayons, toy cars, and action figures) to the
participants while they waited in the library area to wash their hands. The handwashing area of
the classroom contained one child-sized sink, an automatic soap dispenser, one paper towel
dispenser, and one trashcan.
Experimenters used Glo-Germ™, a non-hazardous clear cosmetic lotion that illuminates
under UV light, during each session. Glo-Germ™ contains substances that simulate germs found
on hands prior to handwashing; the formulation requires a similar amount of effort to remove
Glo-Germ™ during handwashing to that of removing most germs from the hands. Experimenters
also used an alcohol-based hand sanitizer to remove remaining Glo-Germ™ on participants’
hands following experimental sessions. The Glo-Germ™ and hand sanitizer were stored in a
locked cabinet to prevent unsupervised child exposure. The lead experimenter built a UV-light
box to illuminate the Glo-Germ™ and take pictures of participants’ hands. The UV-light box
was 33 cm x 24 cm x 24 cm with (a) an opening in the front for participants to place their hands,
(b) a UV light inside to illuminate the Glo-Germ™, (c) an opening at the top of the box for the
camera, and (d) a metric ruler on the interior bottom to calibrate the photo (Appendix A).
Response Measurement
For the series of three studies, we collected data on each participant’s correctly completed
handwashing steps. Experimenters collected data on correct handwashing steps completed by
each participant using a pencil and the Handwashing Checklist (Appendix B), which was based
on steps included in the CDC’s recommendated handwashing procedure (CDC, 2020). During
handwashing sessions, experimenters stood approximately 2 ft behind the participant in the
handwashing area of the classroom to observe each participant washing their hands. The
experimenter recorded whether the participants correctly completed each step as described on the
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Handwashing Checklist on a step-by-step basis. The participant was required to perform Steps 1
and 3-8 with both hands to be scored as correct. For example, if a participant lathered the
fingernails of his right hand but not his left hand, that step would be scored as incorrect on the
Handwashing Checklist.
For our retrospective analysis of errors, experimenters analyzed each participant’s
Handwashing Checklists from each baseline and treatment package session to determine the
Handwashing Checklist steps with errors. We analyzed these data at the overall level (i.e., all
participants), the study level (i.e., participants in each study), and the individual level. At the
overall level, for each step, we divided the number of baseline or treatment package sessions
across all participants with an error by the total number of baseline or treatment package sessions
across all participants. At the study level, for each step, we divided the number of baseline or
treatment package sessions across participants in a study with an error by the total number of
baseline or treatment package sessions across participants in a study. We also analyzed the
study-level data for the final baseline and treatment package sessions using the same
calculations.
In the series of studies, experimenters also measured each participant’s percentage of
hands illuminated by Glo-Germ™ prior to and following handwashing with ImageJ (ImageJ,
2017), a visual-editing software program (Appendix C). After dispensing Glo-Germ™ on
participants’ hands, experimenters took one photo of each participants’ hands (one palm facing
up and one palm facing down) in the UV-light box prior to and following handwashing. Data
collectors uploaded each image to ImageJ and adjusted the software’s measurement scale to the
correct pixel-to-centimeter ratio by drawing a line over a 1 cm section of the ruler and selecting
“Set Scale.” Experimenters then drew around the perimeter of hands with the freehand selection
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tool such that the entire hands were selected, cut out the image of the hands, and pasted into a
new image window. To set measurement specifications, experimenters selected “Set
Measurements” and checked “Area” and “Limit to Threshold” options. First, to calculate the
surface area (cm2) of the entire hands, experimenters adjusted the threshold of the image to show
the entire hands, then selected “Measure” setting to analyze visible areas of the image. Then, to
calculate then surface area (cm2) of the illuminated areas of hands, experimenters selected
“Process” and “Make Binary” to automatically adjust the threshold of image to show only the
illuminated areas of hands and selected the “Measure” setting to analyze visible areas of image.
Finally, to calculate the percentage of hands illuminated by Glo-Germ™, the surface area of
illuminated areas was divided by the total surface area of hands and multiplied by 100%. This
process was conducted for each picture (i.e., pre- and post-handwashing) for each participant
during all sessions.
For our retrospective analysis of hands illuminated, experimenters analyzed each
participant’s percentage of hands illuminated pre- and post-handwashing across each baseline
and treatment package session. We analyzed these data at the overall level (i.e., all participants),
the study level (i.e., participants in each study), and the individual level. At the overall level, we
summed the percentage of hands illuminated pre-handwashing for all participants during
baseline sessions and divided by the total number of participants; these procedures were also
used for post-handwashing percentages and for data from treatment package sessions. At the
study level, we summed the percentage of hands illuminated pre-handwashing for participants in
a study during baseline sessions and divided by the total number of participants in a study; these
procedures were also used for post-handwashing percentages and for data from treatment
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package sessions. We also analyzed the study-level data for the final baseline and treatment
package sessions using the same calculations.
Interobserver Agreement and Procedural Integrity
A second observer simultaneously but independently collected data during at least 30%
of sessions across participants in each study. To calculate interobserver agreement (IOA) for
correct handwashing, we divided the number of steps with agreement (i.e., both observers scored
the same response for a step) by the total number of steps and multiplied by 100%. Mean IOA
for Study 1, 2, and 3 was 94% (range, 90%-100%), 95% (range, 83%-100%), and 96% (range,
87%-100%), respectively.
Observers also collected procedural integrity data on experimenter implementation of
treatment components during at least 30% of sessions across participants in each study. During
baseline and treatment package sessions, observers recorded whether the experimenter correctly
stated the handwashing rules prior to handwashing and delivered praise following correct
handwashing. During treatment package sessions, observers recorded whether the experimenter
presented the handwashing video model, sang the handwashing song during handwashing, and
showed and described a participant’s pre- and post-handwashing pictures. To calculate
procedural integrity, the number of correct procedural integrity steps were divided by the total
number of procedural integrity steps and multiplied by 100%. Procedural integrity for all studies
was 100%.
Procedures
General procedures were similar in all studies. Prior to each session, experimenters
instructed a group of participants (Study 1 and 2) or all participants (Study 3) to walk toward the
library area of the classroom. The experimenters provided the participants with the waiting box
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and allowed the participants to engage with the items in the box while they waited to wash their
hands. The experimenters called one child at a time to walk to the sink area for their session. To
determine the order in which experimenters conducted sessions with participants in each group
in Study 1 and 2 and with all participants in Study 3, experimenters selected a number from a
cup that corresponded to one of five pre-made data sheets. The order of participants across data
sheets was different and was created using a random-list generator.
Before each participant washed their hands, the experimenter dispensed a dime-sized
drop of Glo-Germ™ on both of the participant’s hands and rubbed the Glo-Germ™ on all areas
of both hands (i.e., between fingers, on fingernails, and on tops and palms of hands). Following
the application of Glo-Germ™, the experimenter instructed the participant to place their hands
into the UV light box with the right palm facing up and the left palm facing down. If a
participant failed to comply with these procedures following the first instruction, the
experimenter provided a model prompt for the participant to comply. That is, the experimenter
showed the participant how to comply with the instruction by doing it herself. The experimenter
turned on the UV light and took a photo of the participant’s hands using the camera affixed to the
top of the UV light box. Across all phases, if a participant correctly completed all steps of
handwashing, the experimenter delivered a statement of praise to the participant following
completion of handwashing (e.g., “Great job washing your hands! You did all the steps right!”).
Following the participant washing his or her hands, the experimenter took the post-handwashing
picture using the procedures described above. To ensure complete removal of Glo-Germ™ after
the session (i.e., after the post-handwashing picture), the experimenter dispensed a dime-sized
drop of hand sanitizer on the participant’s hands and instructed them to rub both hands together.
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After delivering hand sanitizer, the experimenter instructed the participant to return to the library
area of the classroom until all sessions were complete.
Baseline
During each session in this condition, the experimenters instructed the participant to wash
their hands with a reminder to use soap. That is, the experimenters said, “Walk to the sink and
wash your hands. Remember to use soap and don’t rinse the soap until you are all done!”
Experimenters did not provide any additional instructions or feedback to the participants during
handwashing (except praise if they were to complete all handwashing steps correctly).
Treatment Package
During each session in this phase, the experimenter presented a 2.5-min handwashing
video model prior to handwashing and provided visual feedback regarding hand cleanliness to
the participants. The video model (see script in Appendix D) was narrated by an adult familiar to
the participants (i.e., the lead experimenter) and provided a rationale for correct and frequent
handwashing and a model for correct handwashing as described by the Handwashing Checklist.
In the video, the narrator described why correct and frequent handwashing is important (e.g.,
“Washing your hands will remove germs that may get you sick!”). The video then showed
images of Glo-Germ™-illuminated hands before proper handwashing (i.e., tops, bottoms, and
between fingers of both hands completely illuminated) while the narrator explained that the
illuminated areas depict germs that need to be washed off. The narrator described each
handwashing step portrayed in child-appropriate language while engaging in that step at a sink.
The narrator instructed the participants to rehearse the steps depicted and described in the video
following the presentation of each step. The experimenters rehearsed each step alongside the
video and verbally prompted the participants to physically rehearse each step the video depicted.
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If the participants physically rehearsed the steps with the video, the experimenter intermittently
provided descriptive praise to the participants (e.g., “Great job pretending to wash your hands!”).
The experimenters did not provide any other attention to the participants during the video.
Following the instruction of all handwashing steps, the narrator in the video taught a 20-s
song set to the tune of “Frere Jacques” that lasts the duration of correct handwashing and
describes what areas of the hands the participants should wash (see song lyrics at end of
Appendix D). The video then showed the adult singing the song while washing her hands
according to the steps that were previously described; the narrator in the video prompted the
participants to sing along with the song. Following the presentation of handwashing steps and the
handwashing song, the video displayed Glo-Germ™-illuminated hands following proper
handwashing (i.e., tops, bottoms, and between fingers of hands were be minimally illuminated)
while the narrator explained that the illuminated areas depicted germs that were not washed off
during handwashing.
The experimenter provided the waiting box to the participants after presenting the video.
After taking a participant’s pre-handwashing picture, the experimenter showed the picture to the
participant. While presenting the pre-handwashing picture, the experimenter pointed out the
areas of the participant’s hands that were illuminated by Glo-Germ™ and explained that the
illuminated areas represent germs that the participant needed to wash off. For example, the
experimenters might have said, “Let’s see what your hands look like before you wash your
hands. There are germs all over the tops and bottoms of your hand. When you wash your hands,
make sure you wash the germs off those areas.” The experimenter then instructed the participant
to wash their hands with a reminder to use soap. That is, the experimenters said, “Walk to the
sink and wash your hands. Remember to use soap and don’t rinse the soap until you are all
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done!” During handwashing, the experimenters sang the handwashing song while the
participants washed their hands. The experimenter began singing the song after the participant
dispensed soap; the experimenter sang the entire song even if the participant rinsed his or her
hands before the experimenter had completed the song. Experimenters did not provide any other
instructions or feedback to the participant (except praise if they were to complete all
handwashing steps correctly).
Following handwashing, the experimenter instructed participants to place their hands
back into the UV-light box to take the post-handwashing picture. The experimenter showed the
post-handwashing picture to the participant and provided descriptive feedback regarding the
amount of remaining illuminated Glo-Germ™ in the post-handwashing picture. That is, the
experimenter described the areas of the hand that were still illuminated by Glo-Germ™ and
explained to the participant that they did not wash the germs off those areas. For example, the
experimenter might have said, “Look at the picture of your hands after you washed them. There
are less germs than before you washed your hands, but there are still germs between your fingers
and under your nails.”
Study 1: Results
Results of Study 1 are depicted in Figures 1-8. Figure 1 depicts overall handwashing
error data. Handwashing steps are scaled to the x-axis and the mean percentage of sessions
across participants with an error is scaled to the y-axis. Data for baseline sessions are depicted by
grey bars and data for treatment package sessions are depicted by white bars; error bars depict
the range. During baseline, 24.2% of sessions across participants had an error on wetting hands
prior to dispensing soap. Approximately 50% of sessions across participants had errors on
dispensing soap, rinsing hands, and drying hands. Most sessions across participants had errors on
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scrubbing tops (82.1%), palms (90.2%), between fingers (91.6%), and fingernails (93.3%) of the
hand. During treatment package sessions, more sessions across participants (40.4%) had an error
on wetting hands prior to dispensing soap. Across all other steps, fewer sessions across
participants had errors on dispensing soap (8.3%), scrubbing the tops (45.4%), palms (51.8%),
between fingers (53.6%), and fingernails (62.4%), rinsing hands (18.2%), and drying hands
(36%).
Figure 2 depicts handwashing error data at the study level; graphing conventions are
identical to Figure 1. Data for Study 1 are shown on the top panel, data for Study 2 are shown in
the middle panel, and data for Study 3 are shown in the bottom panel. Across all studies, during
baseline, some sessions across participants had errors on wetting hands, dispensing soap, rinsing
hands, and drying hands. During some or most sessions across participants, there were errors on
scrubbing the tops, palms, between fingers, and fingernails of hands. In the treatment package,
more sessions across participants in Study 1 and 3 had an error on wetting hands prior to
dispensing soap. Across all three studies, fewer sessions across participants had errors on
scrubbing the tops, palms, between fingers, and fingernails of the hand, rinsing hands of soap,
and drying hands compared to baseline
Figure 3 depicts handwashing error data at the study level during the final baseline and
treatment package sessions. Handwashing steps are scaled to the x-axis and the percentage of
participants with an error is scaled to the y-axis. Across all studies, during the last baseline
session, some participants made errors wetting their hands, dispensing soap, rinsing hands of
soap, and drying hands. Most or all participants made errors when scrubbing the tops, palms,
between fingers, and fingernails of hands. During the last treatment package session, more
participants in Study 1 and 3 made an error wetting hands prior to dispensing soap. Across all
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three studies, fewer participants made errors scrubbing the tops, palms, between fingers, and
fingernails of the hand, rinsing hands of soap, and drying hands compared to baseline. No
participants made errors dispensing soap.
Figure 4 depicts overall hands illuminated pre- and post-handwashing data. Prehandwashing percentages are depicted by grey columns and post-handwashing percentages are
depicted by white columns; error bars depict the range. During baseline, the mean percentage of
hands illuminated pre-handwashing was 92.1% (range, 89.2%-94.2%); the mean percentage of
hands illuminated post-handwashing was 64.3% (range, 60.4%-73.8%). During the treatment
package, the mean percentage of hands illuminated pre-handwashing was 93.6% (range, 90.0%95.7%); the mean percentage of hands illuminated post-handwashing was 21.7% (range, 1.3%40.3%).
Figure 5 depicts hands illuminated data at the study level. Across all studies, the mean
percentage of hands illuminated pre-handwashing across baseline and treatment package sessions
was high (M = 92.8%). During baseline sessions across studies, the mean percentage of hands
illuminated post-handwashing decreased slightly from pre-handwashing levels (M = 64.3%).
During treatment package sessions for each study, the mean percentage of hands illuminated
post-handwashing decreased greatly from pre-handwashing levels (M = 21.7%).
Figure 6 depicts hands illuminated data at the study level data during the final baseline
and treatment package sessions. Across all studies, during the final baseline sessions, the mean
percentage of hands illuminated post-handwashing decreased slightly from pre-handwashing
levels. During the final treatment package session, the mean percentage of hands illuminated
post-handwashing decreased greatly from pre-handwashing levels. Our overall results suggest
that there is a correlation between the number of handwashing errors and the percentage of hands
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illuminated by Glo-Germ™. That is, the higher number of handwashing steps with errors is
correlated with a higher mean percentage of post-handwashing illumination. Additionally, when
the number of errors decreases, the percentage of hands illuminated following handwashing also
decreases.
Individual results for handwashing errors and hands illuminated across baseline and
treatment package sessions are shown in Figures 7-9. Handwashing Checklist steps with errors
are depicted by filled grey boxes on the top panels and percentages of hands illuminated pre- and
post-handwashing are shown on the bottom panels; pre-handwashing percentages are depicted by
closed black circles and post-handwashing percentages are depicted by open circles. Participant
names are followed by the numbered study in which they participated. Figure 7 depicts the data
for participants who made zero errors on scrubbing steps (i.e., Steps 3-6) during the final
treatment package sessions; these graphs show data for Josh, Quentin, Ed, Larry, Max, and Beck.
As shown on the top panels, results show that multiple errors occurred during baseline for Josh
(M = 6), Quentin (M = 6.1), Ed (M = 6), Larry (M = 5.9), and Beck (M = 5.8); these participants
made errors on Steps 2-7 (i.e., dispensing soap, scrub all areas of hands, rinse hands). Max made
multiple errors (M = 4), primarily on Steps 4-6 (i.e., scrub tops, between fingers, and fingernails).
As shown in the bottom panels, all six participants demonstrated only a slight decrease in posthandwashing illumination during baseline (M = 69.2%, range = 88.2% - 41.9%). During
treatment package sessions, Ed made no errors. Five participants initially performed multiple
handwashing steps incorrectly including Josh (M = 3.2), Quentin (M = 4), Larry (M = 3), Max
(M = 2.4), and Beck (M = 2.1). After a few treatment package sessions, these five participants
made fewer handwashing errors but continued to err on Steps 5 and 6 (scrub between fingers and
fingernails). During the final treatment package sessions, all participants engaged in zero errors
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on scrubbing steps; however, two participants (Josh and Beck) made errors when wetting hands
prior to dispensing soap. We observed a large change in the percentage of post-handwashing
illumination during the final treatment package sessions to a mean of 10.2% (range, 2.7% –
14.2%) for all of these participants.
Figure 8 depicts the data for participants who made one to two errors on scrubbing steps
(i.e., Steps 3-6) during the final treatment package sessions; these graphs show data for Kate,
Garth, Ken, Ellie, Ann, Jade, and Lin. As shown on the top panels, results show that multiple
errors occurred during baseline for Kate (M = 6.8), Garth (M = 6.6), Ken (M = 5.7), Ellie (M =
4.9), Ann (M = 4.5), Jade (M = 6), and Beck (M = 5.1). Ann made errors on Steps 4-6 (i.e., scrub
tops, between fingers, and fingernails); all other participants made errors on Steps 1, 3-6, and 8
(i.e., wet hands, scrub all areas of hands, dry hands). As shown in the bottom panels, all seven
participants demonstrated only a slight decrease in post-handwashing illumination during
baseline (M = 78.2%, range = 86.6% - 47.1%). During treatment package sessions, participants
continued to perform some handwashing steps incorrectly, including Kate (M = 3.6), Garth (M =
4.3), Ken (M = 3.9), Ellie (M = 2.8), Ann (M = 3.1), Jade (M = 3.4), and Beck (M = 3.3). During
the final treatment package sessions, these participants made fewer handwashing errors but
continued to err on Steps 5 and 6 (scrub between fingers and fingernails). We observed a
moderate change in the percentage of post-handwashing illumination during the final treatment
package sessions to a mean of 15.9% (range, 4.6% – 20.2%) for Kate, Garth, Ken, Ellie, Ann,
and Lin. The data for Jade show that although he made some errors during scrubbing steps in the
treatment package, we did not observe a large change in post-handwashing illumination to a
mean of 40.6%. This may be due to other handwashing variables (e.g., duration, vigor) on which
we did not collect data during these studies.
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Figure 9 depicts the data for participants who made multiple errors on scrubbing steps
(i.e., steps 3-6) during the final treatment package sessions; these graphs show data for Andy,
Lisa, Tad, Jay, Hudson, Mel, Mark, and Briggs. As shown on the top panels, results show that
multiple errors occurred during baseline for Andy (M = 3.6), Lisa (M = 5.2), Tad (M = 7), Jay (M
= 5.6), Hudson (M = 6.3), Mel (M = 5), Mark (M = 6), and Briggs (M = 5.5). Andy made errors
on Steps 3-6 (i.e., scrub palms, tops, between fingers, and fingernails). Tad, Jay, Hudson, Mel,
and Mark made errors on Steps 2-7 (i.e., dispensing soap, scrub all areas of hands, rinse hands).
Lisa and Briggs made errors on Steps 1, 3-6, and 8 (i.e., wet hands, scrub all areas of hands, dry
hands). As shown in the bottom panels, all eight participants demonstrated only a slight decrease
in post-handwashing illumination during baseline (M = 69.9%, range = 87.1% - 41.8%). During
treatment package sessions, participants continued to perform multiple handwashing steps
incorrectly, including Andy (M = 3.3), Lisa (M = 4.1), Tad (M = 4.7), Jay (M = 4.8), Hudson (M
= 4), Mel (M = 3.9), Mark (M = 4.5), and Briggs (M = 5). We observed a moderate decrease in
the percentage of post-handwashing illumination during treatment package sessions to a mean of
21.6% (range, 4.1% – 36.3%) for six of these participants (Tad, Jay, Hudson, Mel, Mark, and
Briggs); we observed a minimal decrease in post-handwashing illumination for Andy and Lisa to
a mean of 55.2% (range, 39.9% – 73%).
Study 2 Method: Utility of Image Analysis Method
Purpose
The purpose of Study 2 was two-fold. First, we evaluated the degree to which the CDC
handwashing procedure (i.e., using soap to scrub all areas of both hands for 20 s) resulted in
hand cleanliness using post-handwashing image analysis of fluorescence. Then, we conducted a
parametric analysis of the handwashing steps included in the CDC procedure (i.e., duration of
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scrubbing, amount of vigor, use of soap, areas of hands scrubbed) to determine the components
necessary and sufficient for optimal hand cleanliness.
Participants, Setting, and Materials
A convenience sample of 12 adults associated with the Edna A. Hill Child Development
Center at the University of Kansas participated in the current study. We chose to include adult
participants in this evaluation for several reasons. First, because our measures were highly
sensitive to variations in procedural integrity, adults were more likely to perform the specific and
varied handwashing components with high procedural integrity. Second, our procedures included
manipulations of decreased handwashing integrity. Thus, we did not want to inadvertently teach
poor handwashing skills to young children. Participants included two undergraduate students, six
graduate students, one faculty member, and three staff members; participants ranged in age from
21 to 38 years. Two participants were male and the remaining participants were female. The lead
experimenter included a brief questionnaire regarding skin sensitivities with the informed
consent documentation (Appendix E-F) to all potential participants. Individuals who reported
sensitivity to UV light or ingredients contained in Glo-Germ™ or cracked or broken skin were to
be excluded from participating due to potential risk for dermatological irritation or reaction. No
participants were excluded due to their responses on the skin sensitivity questionnaire.
This study received approval from the Human Research Protection Program (HRPP) of
the University of Kansas to conduct in-person research with added health and safety measures
during the COVID-19 pandemic (Appendix G). Prior to and following each session,
experimenters sprayed an Environmental Protection Agency (EPA) approved odorless sanitizer
on all surfaces of the sink area (i.e., faucet handles, countertops, soap dispenser, paper towel
dispenser) and wiped dry with a paper towel. All experimenters, participants, and observers wore
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cloth or surgical face masks and plastic face shields during all sessions. Experimenters wore
disposable latex-free gloves during all sessions and disposed of gloves in a trash can immediately
following each session.
Experimenters conducted sessions with individual participants in a private sink area
adjacent to a conference room in the child development center. The sink area contained one sink,
one push-style foaming soap dispenser, one paper towel dispenser, and a trash can.
Experimenters posted condition-specific Handwashing Checklists (Appendix H-P) in a plastic
page protector above the sink and video recorded all sessions using an iPod. Experimenters used
a pencil and condition-specific Handwashing Checklist to record procedural integrity data from
video-recorded sessions. The lead experimenter created a 1-min video model for each
experimental condition. Each condition-specific video model depicted the lead experimenter
washing her hands at a sink according to the steps described in the corresponding Handwashing
Checklist. All videos showed the experimenter turning on the water and wetting hands under the
stream of water for 5 s, and drying hands with a paper towel for 5 s. The Correct Handwashing
video showed the experimenter dispensing soap, scrubbing the tops, palms, between fingers, and
fingernails of both hands with moderate vigor for 20 s, and rinsing hands under the water for 5 s.
The No Soap video showed the experimenter scrubbing the tops, palms, between fingers, and
fingernails of both hands with moderate vigor for 20 s. The Light Vigor video showed the
experimenter dispensing soap, scrubbing the tops, palms, between fingers, and fingernails of
both hands with low vigor for 20 s, and rinsing hands under the water for 5 s; the High Vigor
video was similar to Low Vigor except the experimenter scrubbed hands with high vigor. The 10
Seconds video showed the experimenter dispensing soap, scrubbing the tops, palms, between
fingers, and fingernails of both hands with moderate vigor for 10 s, and rinsing hands under the
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water for 5 s; the 5 Seconds video was similar to 10 Seconds except the experimenter scrubbed
hands for 5 s. The Missing Tops video showed the experimenter dispensing soap, scrubbing the,
palms, between fingers, and fingernails of both hands with moderate vigor for 20 s, and rinsing
hands under the water for 5 s. The Missing Between Fingers video showed the experimenter
dispensing soap, scrubbing the tops, palms, and fingernails of both hands with moderate vigor
for 20 s, and rinsing hands under the water for 5 s. Finally, the Missing Fingernails video showed
the experimenter dispensing soap, scrubbing the tops, palms, and between fingers of both hands
with moderate vigor for 20 s, and rinsing hands under the water for 5 s. Experimenters used a
laptop computer to present the condition-specific video models to participants prior to and during
each session.
Experimenters used Glo-Germ™ as described in Study 1. The experimenters replaced the
original Glo-Germ™ lid with clean pump-top lid from a lotion bottle to control for the amount of
Glo-Germ™ dispensed (i.e., approximately ½ tsp per pump). Experimenters used a soft shell,
foldable UV-light box (Appendix Q) to take pictures of participants’ hands illuminated by GloGerm™ prior to and following handwashing. The UV-light box was a 30cm x 30cm x 30cm
fabric box with (a) an opening in the front for participants to place their hands, (b) an opening at
the top of the box for a UV light to illuminate Glo-Germ™, (c) an opening at the top of the box
for an iPod to take pictures, and (d) a metric ruler on the interior bottom to calibrate the photo.
Image and Data Analysis
Image analysis procedures were similar to those described in Study 1; however,
experimenters took two photos of each participant’s hands (one photo with both palms facing up
and one photo with both palms facing down) in the UV-light box prior to and following
handwashing. We used these conservative image analysis measures because we were interested
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in collecting more complete and accurate data on hand cleanliness. Data for the percentage of
hands illuminated per condition were analyzed at the individual and group level. At the
individual level, experimenters depicted the percentage of hands illuminated for all four pictures
(i.e., pre-palms up, pre-palms down, post-palms up, post-palms down) on a session-by-session
basis for each individual participant. At the group level, experimenters used GraphPad Prism
software to determine the mean, standard deviation, and correlation coefficient of pre- and posthandwashing illumination across participants for each condition; we used these data to calculate
the within-subjects effect size of each condition. The within-subjects effect size corresponds to
the effect of the intervention between pre- and post-handwashing illumination; that is, the larger
the effect size, the larger the difference between pre- and post-handwashing illumination.
Procedural Integrity & Interobserver Agreement
Data collectors observed and recorded participant and experimenter behavior using a
condition-specific data sheet and pencil during video-recorded sessions. Observers recorded
whether a participant completed a step (a) independently correct, (b) correctly after receiving
feedback, (c) incorrectly after receiving feedback, or (d) incorrectly without any feedback. To
calculate procedural integrity, the number of handwashing steps completed correctly, regardless
of receiving feedback, were divided by the total number of handwashing steps and multiplied by
100%. A second observer independently recorded data for at least 30% of sessions for all
participants. Interobserver agreement was calculated by dividing the number of handwashing
steps with an agreement (i.e., both observers scored the same response) by the total number of
handwashing steps and multiplying by 100%. Interobserver agreement for all sessions across all
participants was 100%.
Procedures
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Experimenters conducted two sessions of each condition with all participants. The order
of conditions were counterbalanced across participants; for each participant, the lead
experimenter typed all condition names into a random list generator and used the outcome to
determine condition order. Each session lasted approximately 5 min. Experimenters scheduled
all research sessions for particular participants for the same time of day. For example, all
sessions with Participant A occurred at 9:00 am and all sessions with Participant B occurred at
1:30 pm. Prior to all sessions, experimenters instructed participants to remove any hand jewelry
(e.g., rings, bracelets, watches) prior to delivering Glo-Germ™ to reduce variability of images
across participants. The experimenters put on gloves, dispensed one pump of Glo-Germ™ onto
one of the participant’s palms, and instructed them to rub the substance over all surfaces of both
hands (i.e., palms, tops, between fingers, on fingernails); experimenters provided feedback if
areas of the hand were not rubbed with Glo-Germ™. That is, the experimenter would instruct the
participant to continue rubbing their hands together to spread Glo-Germ™ across all areas.
Participants then placed their hands into the UV-light box with both palms facing up and the
experimenter took the first pre-handwashing photo. Next, the experimenter instructed
participants to turn their hands over with both palms facing down and took the second prehandwashing photo. After the participant removed their hands from the UV light box, the
experimenter wiped the inside of the UV light box with a paper towel to remove any GloGerm™ that may have transferred from the participant’s hands.
After taking the pre-handwashing pictures, the experimenter provided the participant with
a copy of the condition-specific Handwashing Checklist and read the checklist items aloud while
the participant looked at the checklist. Participants then had an opportunity to review the
Handwashing Checklist and ask the experimenter questions for 2 min or until the participant
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stated readiness to begin. Next, the experimenter positioned the laptop in front of the participant
and presented the condition-specific handwashing video model; the experimenter described the
handwashing steps depicted in the video. During this initial video model presentation, the
experimenter instructed the participant to rehearse the handwashing steps depicted by the video
as they were displayed on the screen. After the initial video model presentation, the experimenter
positioned the laptop near the sink to play the video model during the handwashing observation.
The experimenter instructed the participant to walk to the sink, started the video model, and
instructed the participant to wash their hands following the steps with the video. During
handwashing, if a participant performed any step of the condition-specific Handwashing
Checklist incorrectly, the experimenter immediately provided vocal feedback describing the
error and instruct the participant to perform the step correctly. For example, if a participant only
scrubbed the top of the right hand during the Correct Handwashing condition, the experimenter
would say, “Make sure you scrub the top of your left hand before rinsing off the soap.”
Following handwashing, the experimenter instructed participants to place their hands into
the UV-light box with both palms facing up and the experimenter took the first posthandwashing photo. Next, the experimenter instructed participants to turn their hands over with
both palms facing down and took the second post-handwashing photo. Experimenters did not
show participants their pre- or post-handwashing pictures.
Correct Handwashing
Experimenters instructed participants to wash hands using all aspects of correct
handwashing. That is, the Correct Handwashing Checklist (Appendix H) steps included wetting
both hands under running water (any temperature) from wrist to tip, dispensing one pump of
soap, scrubbing all areas of the hands (i.e., rub tops of each hand with palm of opposite hand, rub
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palms of both hands together, rub between fingers with fingers of opposite hand, scrub
fingernails of each hand in palm of opposite hand) outside the stream of water for 20 s, rinsing
soap off of hands under running water for 5 s, and drying hands with paper towels for 5 s. The
video model provided included all steps, and feedback was provided if any step was not initially
completed.
No Soap
Experimenters instructed participants to wash hands using all aspects of correct
handwashing except dispensing soap and rinsing soap off of hands. That is, the No Soap
Handwashing Checklist (Appendix I) steps included wetting both hands under running water
(any temperature) from wrist to tip, scrubbing all areas of the hands (i.e., rub tops of each hand
with palm of opposite hand, rub palms of both hands together, rub between fingers with fingers
of opposite hand, scrub fingernails of each hand in palm of opposite hand) outside the stream of
water for 20 s, and drying hands with paper towels for 5 s. The video model provided included
all steps except dispensing soap and rinsing soap off of hands, and feedback was provided if any
step was not initially completed. Experimenters removed the soap dispenser during this condition
to promote procedural integrity.
Light Vigor
Experimenters instructed participants to wash hands using all aspects of correct
handwashing using the least amount of force necessary to spread soap across the hands. That is,
the Light Vigor Handwashing Checklist (Appendix J) steps included wetting both hands under
running water (any temperature) from wrist to tip, dispensing one pump of soap, scrubbing all
areas of the hands (i.e., rub tops of each hand with palm of opposite hand, rub palms of both
hands together, rub between fingers with fingers of opposite hand, scrub fingernails of each hand
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in palm of opposite hand) outside the stream of water using light vigor for 20 s, rinsing soap off
of hands under running water for 5 s, and drying hands with paper towels for 5 s. The video
model provided included all steps, and feedback was provided if any step was not initially
completed or if participants scrubbed their hands too vigorously.
High Vigor
Experimenters instructed participants to wash hands using all aspects of correct
handwashing using strong force to vigorously scrub their hands. That is, the High Vigor
Handwashing Checklist (Appendix K) steps included wetting both hands under running water
(any temperature) from wrist to tip, dispensing one pump of soap, scrubbing all areas of the
hands (i.e., rub tops of each hand with palm of opposite hand, rub palms of both hands together,
rub between fingers with fingers of opposite hand, scrub fingernails of each hand in palm of
opposite hand) outside the stream of water using high vigor for 20 s, rinsing soap off of hands
under running water for 5 s, and drying hands with paper towels for 5 s. The video model
provided included all steps, and feedback was provided if any step was not initially completed or
if participants did not use enough vigor to scrub their hands.
Ten Seconds
Experimenters instructed participants to wash hands using all aspects of correct
handwashing and scrub for only 10 s. That is, the Ten Seconds Handwashing Checklist
(Appendix L) steps included wetting both hands under running water (any temperature) from
wrist to tip, dispensing one pump of soap, scrubbing all areas of the hands (i.e., rub tops of each
hand with palm of opposite hand, rub palms of both hands together, rub between fingers with
fingers of opposite hand, scrub fingernails of each hand in palm of opposite hand) outside the
stream of water for 10 s, rinsing soap off of hands under running water for 5 s, and drying hands
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with paper towels for 5 s. The video model provided included all steps and depicted scrubbing
for 10 s, and feedback was provided if any step was not initially completed or if the participant
scrubbed their hands for longer than 10 s.
Five Seconds
Experimenters instructed participants to wash hands using all aspects of correct
handwashing and scrub for only 5 s. That is, the Five Seconds Handwashing Checklist
(Appendix M) steps included wetting both hands under running water (any temperature) from
wrist to tip, dispensing one pump of soap, scrubbing all areas of the hands (i.e., rub tops of each
hand with palm of opposite hand, rub palms of both hands together, rub between fingers with
fingers of opposite hand, scrub fingernails of each hand in palm of opposite hand) outside the
stream of water for 5 s, rinsing soap off of hands under running water for 5 s, and drying hands
with paper towels for 5 s. The video model provided included all steps and depicted scrubbing
for 5 s, and feedback was provided if any step was not initially completed or if the participant
scrubbed their hands for longer than 5 s.
Missing Tops
Experimenters instructed participants to wash hands using all aspects of correct
handwashing except scrubbing the tops of the hands. That is, the Missing Tops Handwashing
Checklist (Appendix N) steps included wetting both hands under running water (any
temperature) from wrist to tip, dispensing one pump of soap, scrubbing all areas except the tops
of the hands (i.e., rub palms of both hands together, rub between fingers with fingers of opposite
hand, scrub fingernails of each hand in palm of opposite hand) outside the stream of water for 20
s, rinsing soap off of hands under running water for 5 s, and drying hands with paper towels for 5
s. The video model provided included all steps except scrubbing the tops of the hands, and
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feedback was provided if any step was not initially completed or if the participant scrubbed the
tops of the hands.
Missing Between Fingers
Experimenters instructed participants to wash hands using all aspects of correct
handwashing except scrubbing between fingers. That is, the Missing Between Fingers
Handwashing Checklist (Appendix O) steps included wetting both hands under running water
(any temperature) from wrist to tip, dispensing one pump of soap, scrubbing all areas except
between fingers of the hands (i.e., rub tops of each hand with palm of opposite hand, rub palms
of both hands together, scrub fingernails of each hand in palm of opposite hand) outside the
stream of water for 20 s, rinsing soap off of hands under running water for 5 s, and drying hands
with paper towels for 5 s. The video model provided included all steps except scrubbing between
fingers of the hands, and feedback was provided if any step was not initially completed or if the
participant scrubbed between the fingers.
Missing Fingernails
Experimenters instructed participants to wash hands using all aspects of correct
handwashing except scrubbing fingernails. That is, the Missing Fingernails Handwashing
Checklist (Appendix P) steps included wetting both hands under running water (any temperature)
from wrist to tip, dispensing one pump of soap, scrubbing all areas except fingernails of the
hands (i.e., rub tops of each hand with palm of opposite hand, rub palms of both hands together,
rub between fingers with fingers of opposite hand) outside the stream of water for 20 s, rinsing
soap off of hands under running water for 5 s, and drying hands with paper towels for 5 s. The
video model provided included all steps except scrubbing the fingernails of the hands, and
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feedback was provided if any step was not initially completed or if the participant scrubbed the
fingernails.
Study 2: Results
Results for the pre- and post-handwashing percentages of hands illuminated for all
participants across all conditions in Study 2 are shown in Figure 10. Illumination percentages for
the tops of hands for each participant are depicted by upward triangles and illumination
percentages for the palms of hands for each participant are depicted by downward triangles.
Before handwashing, the mean percentage of tops and palms of hands illuminated by GloGerm™ across all conditions was high, ranging between 94.8%-97.2%. Following correct
handwashing, the mean percentage of tops and palms of hands illuminated across participants
was 3.9% and 2.4%, respectively. Following handwashing without soap, the mean percentage of
tops and palms of hands illuminated across participants was 24.9% and 17.2%, respectively.
Following handwashing with low vigor, the mean percentage of tops and palms of hands
illuminated across participants was 37.1% and 23.7%., respectively Following handwashing with
high vigor, the mean percentage of tops and palms of hands illuminated across participants was
1.8% and 1.3%, respectively. Following handwashing for 10 s, the mean percentage of tops and
palms of hands illuminated across participants was 30.8% and 21.4%, respectively. Following
handwashing for 5 s, the mean percentage of tops and palms of hands illuminated across
participants was 45.8% and 28.8%, respectively. Following handwashing missing tops of hands,
the mean percentage of tops and palms of hands illuminated across participants was 45 % and
4.5%, respectively. Following handwashing missing between fingers, the the mean percentage of
tops and palms of hands illuminated across participants was 8.2% and 3%, respectively. Finally,
following handwashing missing fingernails, the mean percentage of tops and palms of hands
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illuminated across participants was 8.9% and 3.2%, respectively. Overall, results from Study 2
suggest vigorously scrubbing all areas of the hands (i.e., rub tops of each hand with palm of
opposite hand, rub palms of both hands together, rub between fingers with fingers of opposite
hand, scrub fingernails of each hand in palm of opposite hand) with soap for 20 s results in the
largest change in cleanliness from pre-handwashing levels.
Procedural integrity data for all participants across all conditions in Study 2 are shown in
Figure 11. Conditions are scaled to the x-axis and the mean percentage of procedural integrity is
scaled to the y-axis. During all conditions except 5 Seconds, the mean percentage of procedural
integrity was 100%; that is, all participants correctly completed all handwashing steps in these
conditions. During the 5 Seconds condition, the mean percentage of procedural integrity was
89.9%. In this condition, two participants made errors of omission during Step 6, in which both
participants did not scrub the fingernails of one hand. This was likely due to the short duration in
which the participants had to scrub all areas of the hands.
The within-subjects effect size for Correct Handwashing was 35.01. The effect size for
No Soap was 27.06. The effect sizes for Light Vigor and High Vigor were 12.19 and 55.92,
respectively. The effect sizes for 10 s and 5 s were 14.99 and 8.65, respectively. Finally, the
effect sizes for Missing Tops, Missing Between Fingers, and Missing Fingernails were 21.03,
30.44, and 32.41, respectively. These results suggest the largest effects for the Correct
Handwashing and High Vigor conditions, as well as the smallest effects for the Light Vigor, 10
s, and 5 s conditions.
Across all participants in Study 2, the smallest decrease in mean percentage of tops and
palms illuminated was observed following handwashing with light vigor and the largest decrease
was observed after handwashing with high vigor. These findings are not surprising, given the
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results of previous research evaluating the importance of friction to remove pathogens from
hands (e.g., Hoque, 2003; Luby et al., 2007). Across all conditions for most participants, the
percentage of illumination of palms was lower than the tops of hands. This may be due to the
multiple handwashing components performed with the palms; that is, the palms of hands are
used to scrub the tops and fingernails of the opposite hand, which may result in the removal of
more Glo-Germ™ from the palms.
General Discussion
The purpose of Study 1 was to conduct a retrospective analysis of data collected from a
series of studies in which we used Glo-Germ™ as an additional measure of handwashing
accuracy using image analysis software. We conducted a retrospective analysis of the data to
evaluate the relation between handwashing accuracy and hand cleanliness by comparing errors
made during handwashing to post-handwashing illumination levels during baseline and treatment
package session across all three studies conducted with children. Overall results of our
retrospective analysis showed that the handwashing treatment package was effective for reducing
the number of errors during handwashing and decreasing post-handwashing illumination with all
participants. For six participants, the treatment packpage was highly effective for reducing errors
during handwashing and decreasing post-handwashing illumination. For seven participants, the
treatment package was moderately effective for reducing handwashing errors and decreasing
post-handwashing illumination. For the remaining eight participants, the treatment package
reduced most handwashing errors; however, these participants continued to make errors on
important handwashing steps (e.g., scrubbing most areas of the hands) and demonstrated only a
moderate decrease in post-handwashing illumination.
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The results of Study 1 yielded several interesting findings. One finding is that some
participants who made only few handwashing errors demonstrated a small decrease in posthandwashing illumination. For example, during treatment package sessions in which Jade, Ann,
Lin, and Andy made errors scrubbing between fingers and fingernails, post-handwashing
illumination percentages ranged from 42.6%-60.3%, 30.3%-39.7%, 28.3%-32.2%, and 40.1%47.2%, respectively. This finding suggests that these participants may have scrubbed the tops and
palms of hands for a short duration or with low vigor. Another interesting finding is that some
participants who continued to make errors on important handwashing steps during treatment
package sessions demonstrated a large decrease in post-handwashing illumination. For example,
during the last treatment package session, Jay, Hudson, and Mel made errors scrubbing the tops
of hands, between fingers, and fingernails, but post-handwashing illumination percentages were
3.6%, 9.2%, and 11.1%, respectively. This finding suggests that these participants may have
scrubbed these areas of the hands after rinsing soap, only scrubbed these areas of one hand, or
scrubbed the palms of hands for a long duration or with high vigor. Another interesting finding is
that, during treatment package sessions, many participants across all three studies made an error
on Step 1 (i.e., wetting hands before dispensing soap). For Step 1 to be scored as correct, the
participant had to complete the step prior to Step 2 (i.e., dispensing soap). Participants may have
failed to complete Step 1 correctly because, prior to handwashing, the experimenter reminded the
participants to use soap during handwashing. This reminder may have served as a prompt for the
participants to immediately dispense soap prior to wetting their hands under the water.
Based on the outcomes of the retrospective analysis, we were interested in further
validating the Glo-Germ™ illumination measurement procedure with adult participants. The
purpose of Study 2 was to first evaluate the degree to which the CDC’s recommended
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handwashing procedure (i.e., using soap to scrub all areas of both hands for 20 s) resulted in
hand cleanliness. We then conducted a parametric analysis of the handwashing steps included in
the CDC handwashing procedure (i.e., duration of scrubbing, amount of vigor, use of soap, areas
of hands scrubbed) to determine the components necessary and sufficient for optimal hand
cleanliness. For all participants, handwashing during the correct and high vigor conditions
produced the most substantial change in post-handwashing illumination, whereas handwashing
with low vigor, shortened durations (i.e., 10 s and 5 s), and without soap produced the least
amount of change in post-handwashing illumination. Further, missing scrubbing some areas of
the hands, including between fingers and fingernails, showed similar results to correct
handwashing. Our results suggest missing scrubbing some areas of the hand during handwashing
does not affect hand cleanliness as much as the amount of vigor, duration, and use of soap.
The results of Study 2 yielded several interesting findings. One finding is that in the
Correct Handwashing and High Vigor conditions, we observed very little variability of posthandwashing illumination for tops and bottoms of hands across participants. This may be due to
participants engaging in similar handwashing procedures when washing their hands outside of
the experimental sessions. That is, if participants typically wash their hands using procedures
similar to our Correct Handwashing procedures in their daily environments, they would have
repeated practice with those procedures. Another interesting finding is that we observed greater
variability of post-handwashing illumination for tops and bottoms of hands in the No Soap, Light
Vigor, 10 Seconds, and 5 Seconds conditions across participants, as well as for tops of hands in
the Missing Tops, Missing Between Fingers, and Missing Fingernails conditions across
participants. This finding may be due to the novelty of the handwashing procedures.
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These studies support outcomes of previous research and recommendations from
healthcare agencies regarding the importance of different parameters of handwashing, including
duration, use of soap, amount of vigor, and areas scrubbed, to increase an index of hand
cleanliness (CDC, 2015; Fuls et al., 2008; Jensen et al., 2015; WHO, 2009). With respect to the
applied implications of these studies, these results suggest that caregivers (e.g., parents, teachers)
may not need to direct their efforts to teaching young children the entire best-practice
handwashing procedure to produce appropriate hand cleanliness. Instead, based on our results of
our evaluations showing that scrubbing between fingers and fingernails may be less important
for influencing hand cleanliness, caregivers may wish to teach young children to, at minimum,
use soap and vigorously scrub the tops and bottoms of the hands for 20 s during handwashing. It
is important to note, however, that any infectious particles remaining on hands may lead to
infection. That is, if an individual does not wash off dangerous substances or particles from
hands and touches their eyes, nose, or mouth, they could aquire an infection.
These studies also offer support for the use of image analysis of post-handwashing
illumination as a handwashing measurement tool. Although the image analysis procedures we
used require some training, effort, and time to perform, the methods are not as limited as
conducting microbial sampling in the daily environment. In particular, results from the image
analysis procedures for Study 2 took approximately 20 min per participant, whereas results from
microbial sampling can take approximately 24 hr after sample collection. Thus, compared to
other handwashing measurement procedures, image analysis of post-handwashing illumination is
a practical and efficacious measurement tool, particularly if used on a probe basis. Additionally,
if the image analysis procedures are used in conjunction with visual feedback to teach
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handwashing to young children, experimenters could both assess hand cleanliness and provide
visual feedback of post-handwashing illumination on an intermittent schedule.
One limitation across our studies is that we used different procedures to capture our
hands illuminated data. In Study 1, we only captured a sample of hand cleanliness; that is,
because the participants placed hands with one palm up and one palm down for the pre- and
post-handwashing pictures, we did not assess complete hand cleanliness following handwashing.
It is possible that we may have observed different results if we had used a more conservative
measure of hand cleanliness, such as taking pictures of the tops and palms of both hands as done
in Study 2. In Study 2, we used these conservative image analysis measures because we were
interested in determining more complete and accurate data on hand cleanliness. Additionally, we
included adult participants in Study 2 because our measures were highly sensitive to variations in
procedural integrity and adults were more likely to perform the specific and varied handwashing
components with high procedural integrity. Additional evaluations should compare levels of
post-handwashing illumination from samples of hands (as done in Study 1) and separate images
of tops and palms of hands (as done in Study 2) to determine the outcomes of using the various
methods.
One limitation of our studies with young children is that our measurement system did not
capture complete effects of all relevant handwashing variables on hand cleanliness. First, our
criteria for correct handwashing may have been too stringent. For Step 1 (i.e., wet hands), the
participant had to complete the step prior to Step 2 (i.e., dispense soap) to be scored as correct.
For example, if a participant dispensed soap before wetting their hands under the water, Step 1
would be scored as incorrect. For most steps, the participant had to complete the step with both
hands for that step to be scored as correct. For example, if a participant scrubbed the nails of the
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right hand but not the left, Step 6 would be scored as incorrect. Additionally, for all scrubbing
steps, the participant had to keep soap on their hands and not rinse it off while completing the
step to be scored as correct. For example, if a participant rinsed the soap off their hands and
continued scrubbing between their fingers, Step 5 would be scored as incorrect. Second, across
our studies with young children, we did not collect data on the duration of scrubbing or the level
of vigor used to scrub hands. Thus, it is possible that a participant who made few errors during
handwashing and scrubbed with low vigor or for a short duration had a high percentage of posthandwashing illumination. Similarly, it is possible that a participant who made multiple errors
during handwashing but scrubbed with high vigor or for a long duration had a low percentage of
post-handwashing illumination.
One limitation of Study 2 is that we did not conduct a complete parametric analysis of
best-practice handwashing procedures. First, we chose to assess the variables included in our
study based on factors we hypothesized may influence the cleanliness of hands. That is, we
manipulated some variables, including duration of scrubbing, amount of vigor, use of soap, and
handwashing steps completed, but we did not evaluate those manipulations in conjunction with
other variables. For example, we evaluated the effects of handwashing with low vigor using soap
for 20 s but not handwashing with low vigor without soap or low vigor for shorter durations.
Although individuals may routinely wash their hands using a combination of these manipulated
variables, it is unlikely that the combined manipulations of decreased handwashing integrity
would produce optimal hand cleanliness. Second, we did not include other handwashing steps
that some healthcare agencies suggest in their handwashing procedures. For example, some
agencies suggest individuals use a paper towel to turn off the faucet, whereas other agencies
suggest alternative drying methods, such as air-drying. Third, we did not assess all combinations
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of handwashing errors that children made in our previous studies. For example, results of our
error analysis showed that multiple children did not wet their hands prior to dispensing soap and
some children did not completely rinse their hands of soap. However, we did not evaluate the
effects of handwashing with soap dispensed on dry hands or failing to rinse hands of soap.
Finally, we did not evaluate the isolated effects of drying hands on post-handwashing
illumination. That is, we did not assess varied durations or vigor of drying or the effects of only
wiping hands with a paper towel without handwashing. Given the importance of friction for
removing pathogens from hands (Hoque, 2003; Luby et al., 2007), it is possible that the friction
created by drying hands with a paper towel could remove Glo-Germ™ from hands. Overall, it is
possible that these other handwashing steps and factors may affect the cleanliness of hands; thus,
future research may wish to extend the current study by conducting a more thorough parametric
analysis of handwashing variables manipulated in this study, as well as other handwashing
variables we did not manipulate.
Another limitation of this study is that some individual differences of hands may have
affected our hands illuminated data. Although we included a hand sensitivity questionnaire for
participants to self-disclose potential irritation risks, we did not control for several various
individual differences with respect to participants’ hands. First, it is possible that Glo-Germ™ is
more difficult to wash from dry skin. That is, because the formulation of Glo-Germ™ is similar
to lotion, it is possible that some Glo-Germ™ may be absorbed into the skin or wrinkles of dry
hands moreso than hydrated skin. Second, individuals with deep nailbeds and long fingernails
may have some Glo-Germ™ remaining in the nailbeds and under nails following handwashing.
It is possible that Glo-Germ™ is difficult or impossible to remove from deep nailbeds or long
fingernails without the use of a nailbrush to scrub those areas. Finally, substances or materials
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other than Glo-Germ™ could be illuminated by UV light, which may have influenced our hands
illuminated data. For example, some nailpolish formulations (e.g., gel polish) or colors (e.g., hot
pink) can illuminate brightly under UV light. We did not require participants to remove
nailpolish prior to participating in the study; however, future evaluations may wish to exclude
participants with painted fingernails to address this limitation.
A final limitation of this study is that some handwashing variables we assessed were
difficult to accurately measure through direct observation methods. Some variables, such as use
of soap and duration of scrubbing, were easily observable. That is, data collectors could observe
a participant dispensing soap and begin a duration measure when a participant began scrubbing.
Other variables, such as the amount of vigor used to scrub the hands, were less easily observable
and measurable. One way to address this challenge would be to code whether an increase in soap
suds was observed during scrubbing to measure vigor. That is, an increase in the amount of soap
suds would indicate a high amount of vigor used to scrub the hands. Another solution could
include more pre-session training regarding the amount of vigor to use. For example,
experimenters could rehearse handwashing using high or low vigor with participants and use
additional materials to train this variable prior to the session. For rehearsing low vigor,
experimenters could provide participants a piece of high-grit sandpaper and instruct participants
to use the least amount of force to make as few scratches as possible on a plastic surface. For
rehearsing high vigor, experimenters could instruct participants to use a great amount of force to
make as many scratches as possible on a plastic surface. Future research regarding the most
effective training and data collection procedures for these types of variables is warranted.
There are several additional areas where research is warranted. First, an additional avenue
for research is to evaluate possible post-handwashing contamination of surfaces. Because Glo-
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Germ™ remaining on children’s hands may transfer to other surfaces (e.g., toys, tabletops, other
individuals), researchers could use UV-light to inspect classroom surfaces and hands of other
individuals that have been “contaminated” with Glo-Germ™ due to poor handwashing integrity.
Additionally, researchers could apply Glo-Germ™ to a classroom surface and evaluate the
spread of contamination across children and other surfaces. That is, after covertly applying GloGerm™ to a surface and allowing individuals to naturally come into contact with the surface,
researchers use UV-light to inspect the hands of children and staff to determine the spread of
“contamination” This type of evaluation could be used as a training procedure to show children
and teachers how quickly contamination across materials and individuals can spread in a
classroom. If used in conjuction with a handwashing training procedure, this evaluation could
also determine the effects of frequent and effective handwashing on potential contamination.
Second, future evaluations regarding outcomes of different image analysis procedures
and software are warranted. Researchers may be interested in not only measuring the surface
area of illuminated areas, but also the brightness of illuminated areas. Brightly illuminated areas
may suggest areas that were not scrubbed during handwashing, whereas dimly illuminated areas
may suggest areas of the hands that were scrubbed with low vigor or without soap. This type of
measure could allow researchers to identify and measure areas of the hands that were scrubbed
inadequately during handwashing. This measure could also be used to provide visual feedback to
individuals regarding the difference between appropriate and inadequate handwashing.
Additionally, because some surfaces of the hand (e.g., under fingernails, between fingers,
between wrinkles or crevices in skin) are not easily visible in a two-dimensional image, there
may be some areas of the hands where the software can not adequately measure illumination. It
is possible that other image analysis software (e.g., Adobe Photoshop) may allow for more in-
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depth analyses of illumination of not easily visible areas in images of Glo-Germ™-illuminated
hands.
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Figure 1

Mean Percentage of Sessions Across
Participants with Error

Percentage of Sessions Across Participants with Handwashing Errors (Study 1)
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Figure 2
Percentage of Sessions Across Participants Across Studies with Handwashing Errors (Study 1)
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Figure 3
Percentage of Participants Across Studies with Handwashing Errors in Last Session (Study 1)
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Figure 4
Mean Percentage of Hands Illuminated Across Participants (Study 1)
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Figure 5
Mean Percentage of Hands Illuminated for Participants Across Studies (Study 1)
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Figure 6
Mean Percentage of Hands Illuminated for Participants Across Studies in Last Session (Study 1)
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Figure 7
Handwashing Errors and Percentage of Hands Illuminated – No Scrubbing Errors (Study 1)
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Figure 8
Handwashing Errors and Percentage of Hands Illuminated – Some Scrubbing Errors (Study 1)
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Figure 9
Handwashing Errors and Percentage of Hands Illuminated – Multiple Scrubbing Errors (Study
1)
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Figure 10
Percentage of Hands Illuminated Across Conditions (Study 2)
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Figure 11
Procedural Integrity (Study 2)
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Appendix A
Study 1 Materials

Side of UV light box

Top of UV light box
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Appendix B
Study 1 Handwashing Checklist
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Appendix C
Example Images of ImageJ Procedures

Post-handwashing picture.

Post-handwashing picture with threshold adjusted.
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Appendix D
Handwashing Video Script
The Handwashing Video shows a familiar adult guiding the participants through every
step of the Handwashing Checklist. The adult acts out the steps described in the video.

Narrator: “Hi, everyone! I am here to teach you about washing your hands. We use our hands
every day to do things like eat food and play with our friends! Everybody, look down at your
hands.”
*video shows a pair of hands covered in dirt and marker*
Narrator: “We can get germs on our hands from sharing toys, playing outside, and sneezing and
coughing. If those germs get inside our body, we can get really sick. What should we do to get
rid of the germs on these hands?”
*video pauses for children to respond chorally: experimenter prompts*
Narrator: “That’s right! We should wash them! Let’s go over to the sink and wash our hands.”
*video shows a pair of hands following the steps of handwashing*
Narrator: “First, we need to turn on the water. Everyone pretend to turn on the water with me!
Now, we are going to get our hands wet in the sink. Let me see everybody get their hands wet!
Let’s get some soap on our hands. Now that we have soap, we need to scrub, scrub scrub! Don’t
rinse the soap until you are all done washing. Sing the handwashing song while you scrub your
hands: ‘Top and bottom, top and bottom. In between, in between. Scrub under your nails, scrub
under your nails. Now again, now again. Top and bottom, top and bottom. In between, in
between. Scrub under your nails, scrub under your nails. Now you’re clean, squeaky clean.’
Now that our hands are washed, we can rinse off our suds. Put your hands back in the water like
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this, and make sure all of the soap is gone. Way to go! Now let’s turn off the water and dry off.
Get some paper towels and get your hands dry- make sure to get the tops and bottoms of your
hands dry! You guys did such a good job! Let’s see if we got the germs off.”
*video shows the pair of hands without dirt or marker*
Narrator: “After we washed our hands, there aren’t any more germs left. There’s no more germs
on the tops or bottoms of our hands! Scrubbing our hands with soap gets all of the germs off our
hands. Now YOU get to practice it! Your teacher will let you go wash your hands. Until next
time… see you later!”
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Appendix E
Study 2 Informed Consent Form

90

91

92
Appendix F

93
Appendix G
COVID-19 Treatment Integrity Checklist
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Appendix Q
Study 2 Materials

UV-Light Box

Glo Germ™

UV Light

