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Abstract

Background
Although healthcare-workers’ hands are one of the major sources of healthcare associ-

ated infections (HCAIs), compliance with hand hygiene remains low. This leads to millions
of preventable infections each year worldwide. Major reasons for non-compliance are a
lack of knowledge regarding hand hygiene guidelines among staff as well as missing mo-
tivation.

Objectives

The objective of our study was to evaluate a mobile application which aims to improve its
users’ hand rubbing technique of hand hygiene based on World Health Organization’s
(WHO) recommendations. We also evaluated the application’s influence on the users’
motivation to perform hand hygiene.

Methods

A mobile application based randomized, controlled, cross-over study was carried out to
measure the effect of a 2-weeks training of the WHO hand rubbing technique. We used a
pre- (at start t0) and post-questionnaire (at cross-over t1 and end t2) to evaluate and com-
pare the study participants’ knowledge about and attitude towards hand hygiene.

In the test group, participants were asked to train the hand rubbing technique with the use
of gesture control armbands as well as tutorial videos during the first two weeks. In the
control group, participants were asked to train by tutorial videos only during that time.
During the following two weeks, the instructions were vice versa.

Results

Knowledge concerning correct hand disinfection according to the WHO standard im-
proved through training with gesture control armbands but also through watching tutorial
videos. After the test group stopped using the gesture control armbands and were asked
to train by watching tutorial videos only, knowledge started to decrease. Whereas in the
control group, improvement could be achieved during the first two weeks when only watch-
ing tutorial videos, but the group showed further improvement during the last two weeks
when being able to use gesture control armbands. Regarding the participants’ attitude
towards hand hygiene, the use of the application did not cause any changes.
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Conclusions

Our results indicate that a mobile application could be an appropriate tool to provide easy
and time efficient training of hand hygiene technique knowledge. The use of immediate
feedback through wearables could not achieve better results than the use of video-training

only.



11

1. Background

1.1 The burden: Healthcare associated infections

In the 19" century Ignaz Semmelweis first identified healthcare workers’ hands as the
major source of puerperal fever transmission. He observed that the risk of post-delivery
mortality was significantly higher in a clinic where women were treated by physicians and
medical students than in a midwife clinic. He assumed a connection between cadaveric
contamination of hands due to postmortem examination of corpses. Each day in the clinic
in which women were treated by physicians and medical students started with the exam-
ination of corpses of women who had died of purpureal fever. Afterwards, the profession-
als performed vaginal examination on the women as part of their training. In the midwife
clinic however neither postmortem examinations were performed nor any routine vaginal
examinations.

After Semmelweis introduced washing of hands and medical instruments with a chlorine
solution, maternal mortality in the clinic where women were treated by physicians and
medical students was reduced from 12.3 % to 2 - 3 % within a few months (Semmelweis,
1861; Loudon, 2013).

Consistent with Semmelweis’ findings, good hand hygiene is still considered to be the
most important factor of preventing healthcare associated infections and furthermore the
spread of multi-resistant pathogens according to the current scientific level of knowledge.
Nevertheless, transmission through contaminated HCWs’ hands with pathogens remains
the most common reason for HCAIs. The WHO estimates that 50 % of infections could be
prevented by better hand hygiene (Pittet et al., 2006; World Health Organization, 2009a).
However, hand hygiene remains unsatisfyingly low even almost two decades after Sem-

melweis’ observations (Pittet et al., 2000; Randle et al., 2006).

Still in the 215t century, HCAIs affect hundreds of millions of patients each year. These
infections lead to more serious illnesses, prolonged hospital stays and preventable
deaths. In addition, these infections often induce long-term disabilities. Furthermore,
HCAIs cause high costs to the patients and their families and contribute to the financial
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burden on the health-care systems all around the world (Robert Koch-Institut, 2020a;
Centers for Disease Control and Prevention, 2021a).

One could think that HCAIs only affect low-income countries, but even in high-income
countries, as much as 7 % of hospitalized patients acquire at least one HCAI (World
Health Organization, 2009a).

The last health crisis evolving around the new SARS-CoV-2 virus stressed the importance
of hygiene measures (Sun et al., 2020). Main routes of virus transmission are respiratory
droplets, but also hand contact with contaminated body parts e and surfaces plays a role
in transmission (European Centre for Disease Prevention and Control, 2020; World Health
Organization, 2020).

Taking a look at current hygiene recommendations, the WHO stresses the importance of
frequent and correct hand hygiene as one of the most important measures preventing
COVID infections and referres therefore to their own guidelines already published in 2009
(World Health Organization, 2020). Also other governmental authorities such as the
German RKI or the US-American CDC stress the major importance of hand hyiene fighting
the global pandemic of COVID-19 both in professional health-care and in private settings
(Robert Koch-Institut, 2020b; Centers for Disease Control and Prevention, 2022).

In relation to the outbreak of Mpox (formerly known as monkeypox), which began affecting
Germany in 2022, institutions such as the Robert Koch Institute (RKI) emphasize the
importance of consistent hand hygiene (Robert Koch-Institut, 2024).

1.2 Guidelines on Hand Hygiene

These ‘WHO Guidelines on Hand Hygiene in Health Care’ mentioned above are an inter-
national reference and provide specific recommendations on when (compliance with indi-
cations) and how (compliance with technique) HCWs are supposed to perform hand hy-
giene. These guidelines were developed by international experts of infection control with
specific expertise in hand hygiene and published in the year 2009. They are part of the
program ‘Clean Care is Safer Care’ which aims at reducing the occurrence of HCAIs
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(World Health Organization, 2009a). As being referenced at the time of COVID-19, the
guidelines are still considered up-to-date (Centers for Disease Control and Prevention,
2021b).

Regarding the compliance with indications the WHO bases its recommendations on the
‘Five Moments for Hand Hygiene’ firstly defined by Sax et al. (Sax, H. et al., 2007). These
are key moments in which HCWs should perform hand hygiene by rubbing their hands

with an alcohol-based hand sanitizer.

Before touching a patient
Before clean/aseptic procedure
After body fluid exposure risk
After touching a patient

o~ 0=

After touching patient surroundings

Hand washing with soap and water is recommended when hands are visibly dirty or visibly
soiled with blood or other body fluids or after using the toilet. Furthermore, hand washing
is recommended after exposure to potential spore-forming pathogens (Sax, H. et al., 2007;
World Health Organization, 2009a).
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Fig. 1: Representation of the ‘Five Moments for H\and Hygiene’ modified from Sax et al.
(2007) with the assistance of an Al-based graphic tool.
The recommended hand hygiene techniques with alcohol-based hand sanitizers as well
as the hand washing technique with soap and water include specific gestures in a defined
order (World Health Organization, 2009a):

1. Application of a palmful of product in a cupped hand

2. Rubbing hands palm to palm

3. Rubbing right palm on the back of the left hand with interlaced fingers. Repetition

with left palm on the back of the right hand

4. Rubbing hands palm to palm with interlaced fingers

5. Rubbing backs of fingers to opposing palm with fingers interlocked

6. Disinfection of the thumbs through rotational rubbing of the left thumb clasped in

right palm and vice versa
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7. In the end rotational rubbing of the fingertips on the palm of the contralateral hand

The impact of both compliance and technique are intermingled; both play an important

role in preventing HCAIs.
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How to Handrub?

RUB HANDS FOR HAND HYGIENE! WASH HANDS WHEN VISIBLY SOILED

E] Duration of the entire procedure: 20-30 seconds

o 70 B

Apply a palmful of the product in a cupped hand, covering all surfaces; Rub hands palm to palm;

Right palm over left dorsum with Palm to palm with fingers interlaced; Backs of fingers to opposing palms
interlaced fingers and vice versa; with fingers interlocked;

Rotational rubbing of left thumb Rotational rubbing, backwards and Once dry, your hands are safe.
clasped in right palm and vice versa; forwards with clasped fingers of right
hand in left palm and vice versa;

”’v World Health Patient Safety SAVE LIVES
\‘ I Organlzatlon A World Alliance for Safer Health Care Clean Your Hands

Alrusovmhmnlmmhunmnby(mmnd Health Organization to verify the information contained in this document. However, the published material is being distributed without warranty of any kind,
either expressed or implied. The responsibility for the interpretation and use of the material lies with the reader. In no event shall the World Health Organization be liable for damages arising from its use.

'WHO acknowledges the Hopitaux Universitaires de Genéve (HUG), in particular the members of the Infection Control Programme, for their active participation in developing this material.

May 2

Fig. 2: ‘How to handrub’ (World Health Organization, 2009). This figure is licensed under
CC BY-NC-SA 3.0 IGO and may be reproduced and published for non-commercial pur-
poses with attribution.



17

2. Assessment of hand hygiene quality and training

2.1 Compliance with indications for hand hygiene

Hand hygiene compliance can be assessed directly, for example through direct observa-
tion, or indirectly, by measuring hygiene product usage such as paper towels, alcohol-
based hand sanitizers or soap (World Health Organization, 2009a). At the current state,
direct observation by a qualified individual is considered the gold standard of hand hygiene
monitoring (Boyce et al., 2002). In the last decades, research has also included electronic
assessment of compliance with indications for hand hygiene (Boscart et al., 2009; Rosen-
feldt Knudsen et al., 2023).

In another study starting in 2000, an ambient electronic monitoring system with motion
detectors was used to track entry and exit into patient rooms. Compliance was rated as
‘positive’ if health-care workers washed their hands with soap and water or used antiseptic
foam in a defined time period before or after exiting a patient room. However, the system
failed to calculate exact compliance rates when being compared to direct observation
(Swoboda et al., 2004).

Similarly, Boscart et al. used wearable hand hygiene monitors when a HCW entered or
exited defined areas where hand hygiene was required. These wearables communicated
with dispensers for alcohol-based hand rub and recorded the use of wearable alcohol-
based hand sanitizers, as well as wall-mounted alcohol-based hand sanitizers and soap
dispensers (Boscart et al., 2008, 2009). The wearables also provided the user with a re-
minding sound signal at hand hygiene opportunities. This trial showed a high acceptance
of the wearable devices used by the HCWs.

Hagel at al. compared direct monitoring and electronic monitoring and indicated at good
agreement between both methods (Hagel et al., 2015). Nevertheless, when HCW were
not directly monitored, compliance rates were much lower. This indicates that direct ob-
servation can be a strong confounder in studies where compliance with indications of hand

hygiene is monitored. The authors explained these results through the Hawthorne effect.
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The Hawthorne effect describes that individuals change their natural behavior due to their
awareness that they participating in a study and are being observed (Colbjgrnsen, 2003).
Still, all these electronic monitoring systems cannot evaluate the actual quality of the ex-
ecution of the recommended hand hygiene gestures and thereby the compliance with
hand hygiene technique.

2.2 Compliance with hand hygiene technique

Compliance with hand hygiene technique is also commonly assessed through direct ob-
servation.

Compliance with all 6 gestures of the WHO guidelines is reported to be extremely low.
Tschudin-Sutter et al. reported an adherence as low as 8.5 % even though the compliance
rate with hand hygiene indications was above 90 % (Tschudin-Sutter et al., 2015).

There is scientific evidence that the adherence to all steps of the WHO guidelines results
into increased elimination of pathogens such as bacteria. It ensures that all areas of the
hands are covered with the disinfection solution. Therefore the sequence commended by
the WHO is highly effective compared to other techniques (Widmer and Dangel, 2004;
Tschudin-Sutter et al., 2015; Reilly et al., 2016).

Compliance with hand hygiene indications is also affected by the familiarity of HCWs with
the hand-rub protocol: In multiple studies a lack of knowledge and institutional guidelines
was reported a factor of low adherence and compliance (Larson and Killien, 1982; Larson
and Kretzer, 1995; Sax, H. et al., 2007; World Health Organization, 2009a).

2.3 Training of indications for hand hygiene and hand hygiene technique

To ensure compliance with the indications for hand hygiene and - as a secondary target
— compliance with hygiene technique, the RKI recommends that training of all staff should
be organized at least once a year (Robert Koch-Institut, 2016). A common form of teaching
and promoting the WHO guidelines are in-service lectures and posters (World Health
Organization, 2009a). However, visual demonstration of the effectiveness of hand hygiene

was named an important aspect of training by HCWs themselves (Nicol et al., 2009).
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In general, the effect of feedback on learning achievement has been shown by Hattie and
Timperley (Hattie and Timperley, 2007). Mobile applications can provide this direct posi-
tive feedback and medical professionals and also students are open-minded to adopt new
technologies for learning (Ponce et al., 2014). The potential of these mobile applications
in medical education has been recognized by most German faculties already, as by the
current time, most German universities pay for their students to be able to use a web and
mobile application called AMBOSS® which provides the user with a medical encyclopedia
but also can be used to test the user’'s knowledge (AMBOSS GmbH, 2025).

Focusing on hand hygiene, the serious game SureWash® uses a mobile computer that
guides the user through the steps of hand hygiene and allows the user to practice. The
system monitors the user’'s hand movements with a camera and evaluates the perfor-
mance through gesture recognition in comparison to the WHO'’s guidelines.

Firstly, SureWash® offered the product ELITE and GO. To use these products, Sure-
Wash® hardware is required (amongst a computer/tablet and a camera).

SureWash® latest release is a mobile application called SureWash® APP. This application
enables the user to practice hand hygiene on his or her private smartphone. SureWash®
APP is only programmed to recognize the gestures but not to evaluate their actual quality
(Surewash, 2025). However, in a test of the application on a private smartphone, randomly
performed gestures were evaluated correctly, which indicates that the application at that

time still needed further improvement.

In prior work, Kutafina et al. were able to recognize the gestures of the WHO hand disin-
fection guidelines using Myo®gesture control armbands placed on both forearms to collect
motion data. The armbands collect movement data and muscle activity (see
Fig. 3) through an inertial measurement unit and surface electromyography.

This study therefore uses a different approach to identify gestures correctly. The gestures
are classified with a neural network and hidden Markov model with an accuracy of 98 %
(Kutafina et al., 2016).

Based on this work, the mobile application ldealPure was developed to make this tech-
nique useable outside of a standardized setting.
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In this work, we aimed to test this application with health care professionals to evaluate if

knowledge about and attitude towards hand hygiene changed due to the use of the mobile

application IdealPure.

Fig. 3: Myo® gesture control armband shown from two perspectives. The device records
arm and hand movements using surface electromyography (SEMG) and a nine-axis in-
ertial measurement unit (IMU), enabling gesture recognition and motion tracking (Sathi-
yanarayanan and Rajan, 2016). Photograph taken by the author.

2.4 Devices

The Myo® armband itself was developed and manufactured by Thalmic Labs (Kitchener,
Canada), a company specializing in wearable gesture-control technology. Thalmic Labs
later discontinued the Myo® armband in 2018, rebranded as North, and shifted its focus
to developing smart glasses; the company was eventually acquired by Google in 2020,
which marked the end of Myo® armband production and support (TechCrunch, 2020).
At the time of the present study, the Myo® armbands were already in the possession of
the Institute of Medical Informatics at RWTH Aachen University, as they had previously
been used in other studies such as the one by Kutafina et al. (Kutafina et al., 2016). Ini-
tially, the devices had been obtained directly from the manufacturer, Thalmic Labs.

The mobile application IdealPure was developed by the Institute of Medical Informatics at
RWTH Aachen University and is not commercially available. The author was a member

of the development team.
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3. Methods

3.1 Scientific background of IdealPure

IdealPure gives the user the opportunity to practice the hand disinfection gestures based
on the WHO standard. The application connects to two Myo® gesture control armbands
and collects data during hand rub training to give immediate performance evaluation as a
total score and individual scores per WHO hand rub gesture. The application also provides
learning material in form of videos of correct hand rub execution.

Since the objective was to take gesture recognition on a higher level, we aimed not only
at the recognition of the performed gestures but also at the evaluation of the actual quality.
Therefore approximately 100 data sets were collected from a various of people, including
health care professionals but also people who had no prior training. People were being
supervised by the author while being asked to perform the gestures correctly. These data
sets were used to develop a machine learning model for evaluation of the hand hygiene
technique and implemented into the app to rate the user’s performance.

Prior to the initiation of the study, the responsible ethics committee was consulted. The
committee confirmed that there were no ethical or professional concerns. The study was
therefore approved by the ethics committee of the RWTH Aachen University Hospital (EK
323/17). A copy of the statement is included in the addendum (Fig. 2).

3.2 Machine-learning based classification and evaluation of hand hygiene data

The collected data sets of hand hygiene signals were processed to report evaluation re-
sults of each individually performed hand hygiene gesture.

The data was split into segments containing only data from only one single hand hygiene.
Then each datapoint in the segments was classified to correct or wrong execution and
individual and overall scores were calculated based on the ratio of correct and wrong
executed datapoints.
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3.2.1 Splitting of data

The exact timing of the transition between two hand hygiene gestures is known from the
recording protocol. Therefore, the data can be split exactly at the timepoints of transition
between two gestures. However, at these timepoints the users switch between two hand
hygiene gestures and therefore the data might not be classified as belonging to one of the
gestures. To reduce error based on incorrectly classified datapoints at the beginning or
ending of a gesture, and thereby making a perfect score impossible to reach, the first and
last second of the segments were cut.

3.2.2 Classification of data

Based on training data recorded prior to the trail, a neural network model was built and
used for classification of the data.

The model consists of 9 sub models. Gestures which have to be performed twice to either
clean the left or the right hand’s part are counted twice.

Rubbing hands palm to palm

Rubbing right palm on the back of the left hand with interlaced fingers
Repetition with left palm on the back of the right hand

Rubbing hands palm to palm with fingers interlaced

Rubbing backs of fingers to opposing palm with fingers interlocked

o o~ 0w N =

Disinfection of the thumbs through rotational rubbing of the left thumb clasped in

right palm

7. Disinfection of the thumbs through rotational rubbing of the right thumb clasped in
left palm

8. Rotational rubbing, backwards and forwards with clasped fingers of right hand in
left palm

9. Rotational rubbing, backwards and forwards with clasped fingers of left hand in

right palm

Each model uses a sliding window of 30 data points to classify if a sample within its context
is part of a gesture. The output is a number between 0 (incorrect execution) and 1 (correct
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execution = 100 %). For simplicity’s sake, a threshold is applied at 0.5, which classifies
each datapoint as correct or incorrect.

3.2.3 Scoring of data

A total score and individual scores for each hand hygiene gesture are calculated. The
individual score is the ratio of datapoints classified as correctly executed to the total num-
ber of datapoint in the segment. Thereby, a maximum of 100 % and a minimum of 0 %
correct execution could be achieved. The total score is calculated as the average of the

individual scores.

3.3 The questionnaires

The questionnaires were designed to capture information on the participants’ demogra-
phy, such as gender or profession, on their experience in health care and also on
knowledge of and attitude towards hand hygiene.

Developing the questionnaire, we looked into existing questionnaires being published. For
our study, we used parts of the WHQO’s questionnaire ‘Perception Survey for Health-Care
Workers’ which focuses on HCWs'’ attitude towards HCAIs and hand hygiene (World
Health Organization, 2009b). Additionally we used the questionnaire by Courtemanche &
Associates as a template (Courtemanche & Associates, 2017). Moreover, we used sev-
eral questions we developed for the purpose of this study.

The study participants completed a questionnaire at the beginning at the study (t0) and a
slightly different one after two and four weeks (t1, t2).

At the beginning of the study, we gathered information on the overall demography of the
study participants. Questions therefore included gender, profession, and work experience.
We decided not to use a free text field asking the study participants on the period of time
they have been working in their profession (training excluded). The reason behind that
decision was that we only planned on including a small amount of only around 20 study
participants in this explorative study and we considered that more detailed information
would be critical in terms of protection of privacy.
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Moreover, study participants were supposed to state if they received formal training on
hand hygiene within the last three years. This question was supposed to evaluate the
actual education a study participant received on hand hygiene. The question derived from
the WHO questionnaire (World Health Organization, 2009b). We also asked if study par-
ticipants had ever received formal training of hand hygiene. Referring to the RKI’s recom-
mendations that all health care professionals should receive training once a year (Robert
Koch-Institut, 2016), all participants should answer both questions by yes.

We also used the WHO question whether alcohol-based hand rub for hand hygiene was
routinely used (World Health Organization, 2009b)

To assess the development of the participants’ knowledge on the execution of correct
hand disinfection according to the WHO standard, all study participants were asked to put
pictures of hand hygiene gestures into the correct order at t0, t1, and t2. These pictures
contained drafts of the six hand disinfection gestures for the ‘Hand Hygiene Technique
with Alcohol-Based Formulation’ of the WHO Guidelines on Hand Hygiene in Healthcare
(World Health Organization, 2009a).

Participants had to label each picture with step one to step six. Gestures which are sup-
posed to be performed with both the left and the right hand were subsumed in one picture
as it is in the drafts in the WHO guidelines (World Health Organization, 2009a).

We consciously decided to test the gained knowledge through the method of putting the
gestures in the order the WHO recommends even though studies have shown that there
can also be advantages of performing the hand hygiene gestures in a different order (Pires
et al., 2016). Regarding the fact that compliance with all six steps of the hand hygiene
was under 8.5 % in a study of HCWSs, this indicated that HCWs need to learn a certain
standard to remember all of the scientifically tested gestures (Tschudin-Sutter et al.,
2015).
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WHO-Desinfektionsstandard

Fig. 4: Screenshot of the study application developed by the research team. The illustra-
tions of hand hygiene gestures were adapted from the poster “How to handrub” (World
Health Organization, 2009). As the study was conducted in Germany, the interface shown
in the screenshot appears in German.

Furthermore, participants had to answer a series of questions on their compliance regard-
ing hand hygiene, the effort needed to perform good hand hygiene, reasons why they did
not perform hand hygiene, and ideas to improve hand hygiene.

Additionally, the questionnaire contained questions on the importance of hand hygiene for
the participants themselves and for their head of department. Study participants could
choose between never/not important (O points) to always/very important (6 points) on a
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Likert scale as it was also utilized in the WHO questionnaire (World Health Organization,
2009b)

Moreover, study participants were asked to estimate in what percentage of WHO indica-
tions they actually performed hand hygiene

To allow participants to give individual feedback on the application, the questionnaires
included free text fields. At both t1 and t2, all participants were asked what they liked and
what they disliked about the application and to provide further comments.

The questionnaires were translated into German as the study was executed in Germany.

3.4 The graphical user interface of IdealPure

The application IdealPure was developed as an Android® smartphone application. Two
different modes of the application have been developed to make it suitable for the study
design which is explained in detail later in the thesis.

3.4.1 The test mode

The application in the test mode has 4 different click-on icons. This mode can be consid-
ered to be the ‘normal’ mode.

The one on top ‘Training’ (as seen in Fig. 5 (a)) leads the user to the training mode. The
user then has to connect two Myo® armbands via Bluetooth with the smartphone. The
user therefore needs to place a Myo® armband on both the right and the left proximal part
of the forearm right underneath the elbow. The user then has to click ‘vibrate’ and has to
select from a dropdown menu whether it was the right or the left Myo® armband. To con-
firm the entry, a checkbox had to be clicked for each Myo® armband. Afterwards ‘Starten’
(Start) had to be pressed (Fig. 5 (c)).

In this practical traning each gesture is presented individually for 5 seconds. An example
of a gesture is presented in Fig. 2 (d). We additionally separated gestures which need to
be performed with each hand individually resulting in 9 sub gestures as explained in ‘Clas-
sification of the data’. The user meanwhile is supposed to perform the gesture displayed.

At the end of a practice sequence the user would get a score between 0 and 100 (value
in percentage) for each gesture itself and for the whole sequence.
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Under ‘Mein Profil’ (My profile) the user can see his or her scores for the last seven com-
plete sequences and therefore get a visualization of the effect the trainings on the scores
reached.

The section ‘Lernen’ (Learning) includes teaching videos. We based our teaching videos
exactly on the WHO recommendations (World Health Organization, 2009a). Teaching vid-
eos were available on each gesture separately. Gestures which had to be executed with
both left and right hand were included into one video. Furthermore, the user was able to
watch a whole sequence on correct hand hygiene. Filming these sequences, we inten-
tionally filmed the hand movements from the executer’s point of view as seeing videos
from the demonstrator’s point of view has shown to have a positive influence on learning
(Fung, 2015; Nederveen et al., 2019).

Under the icon ‘Einstellungen’ (Settings) was a password-secured area where the ques-
tionnaires for the study were implemented and the application’s GUI could be changed

into the control mode.

3.4.2 The control mode

In the control mode, the user was only able to use the teaching videos (see Fig. 2 (b)).
This mode therefore excluded the parts of the app where the user was animated to actively
perform the hand hygiene gestures.
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Ganze Abfolge
Ganze Abfolge

Geste 1 - Handflachen
Geste 2 - Handriicken
Geste 3 - Zwischenraume
Geste 4 - Fingerkuppen

Geste 5 - Daumen

Geste 6 - Fingernagel

(h)

Fig. 5: Graphical user interfaces (GUIs) of the application IdealPure

with the GUI of the test phase (a) and

the GUI of the control phase (b),

when connecting the Myo® armbands for training (c),

an example of a gesture which is supposed to be performed while the picture is
shown (d),

training result shown after one completed sequence (e),

the last seven total results (f),

learning videos from which a user can choose (g) and

an example of a learning video (h).

The illustration of the hand hygiene gesture shown in (d) is adapted from the poster “How
to handrub” (World Health Organization, 2009).

As the study was conducted in Germany, the interface shown in the screenshot appears
in German.
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4. This work

In this work, we evaluate the mobile application IdealPure with a group of healthcare pro-
fessionals in a randomized crossover study. The aim of the study is to evaluate if a mobile
application can support learning of hand hygiene technique, which in turn might improve

compliance.

4.1 The hypotheses

We aim to test three hypotheses:

Hypothesis 1 (H1): Knowledge on hand rub technique will improve when using the app
Idealpure with and without immediate direct feedback through the wearable devices. We
assume a greater learning effect when using direct feedback through the wearable device
in comparison to learning through videos only.

Hypothesis 2 (H2): Attitude and behavior regarding hand hygiene will not change, as it
is not part of the training process. Specifically, the self-perceived compliance should not
change.

Hypothesis 3 (H3): After using IdealPure, study participants should consider mobile ap-
plications as an effective learning tool to improve hand hygiene.

4.2 Inclusion and exclusion criteria

Inclusion criteria were:
e Medical professional (i.e. registered nurse, physician, last-year medical student in
his/her practical year or physiotherapist)
e General smartphone proficiency which means the ability to use a mobile application
and the wearable sensors

Exclusion criteria were:
e Dependence on the study staff or the managing department, including employment
e Not sui juris

e Not being able to follow the instructions of the study staff
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4.3 Recruitment

We recruited a group of 21 study participants that did meet the inclusion criteria and did
not violate the exclusion criteria. After providing informed consent, participants were as-
signed through block randomization with block size 4 to either the test or the control phase
first.

One participant had to be excluded retrospectively as the inclusion criteria were falsely
claimed. In addition, one data set was not collected due to technical failure. Thus, data

collection was completed for a total of 19 participants (10 test, 9 control).

All participants received a compensation of €50 for participating in the study.

4.4 Study design

The mobile application IdealPure was evaluated in a randomized crossover study. Partic-

ipants were convenience-sampled from health-care professionals in Aachen, Germany.

Participants were randomly assigned to either the test- or control-phase for two weeks,
followed by two weeks in the other phase (Fig. 6).

App usage App usage
without Myos 3 without Myos

Study participants i 4-block-
n=21 randomization ’

Control group

Test group

App usage App usage
with Myos ' with Myos

Week 0 Week 2 Week 4

Fig. 6: The process of randomization showing the change in phases of the study in both
groups before and after cross-over

All participants were supplied with an Android® smartphone with a pre-installed version of
the mobile application IdealPure and a pair of two Myo® gesture control armbands. We
abstained from using private mobile phones to ensure compatibility between smartphones
and the application.
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Additionally, the participants were supplied with three charging cables for the phone and
the two gesture control armbands, a charger with multiple USB ports and an external bat-

tery.

The participants were asked to use the application at least twice a week in each phase.
For this purpose, they received a short manual on the app with its functions and also
possible bugs and how to solve them. This manual can be found in the addendum.

Each participant filled out a questionnaire before starting the first phase (t0), when switch-
ing between the two phases (t1), and after completing the second phase (12).

Using the data that we acquired through these questionnaires, we compared the impact
of a two weeks usage of the application on knowledge, motivation and attitude regarding
hand hygiene between the participants of the two phases to test the hypothesis (H1-3)
listed above.

During the test-phase, participants were asked to train the hand rubbing technique with
the use of gesture control armbands and tutorial videos. The gesture control armbands
provided the data necessary for the evaluation of the performance quality. Therefore, par-
ticipants were able to use the full functionality of the app (Fig. 5a, c-h):

1. Learning videos: Participants could watch videos on how to perform each sub-
gesture of the hand-rub technique individually, or the full procedure.

2. Training: Participants could start a training during which their arm movement and
muscle activity was recorded by the two smart armbands and evaluated immedi-
ately afterwards. A score of performance for each individual gesture and in total
was calculated in percent correct and presented at the end of the whole se-
quence.

3. Profile: Participants could see their progress in a profile page showing the score

for the last seven training sessions.

During the control-phase, participants were asked to train by tutorial videos only and the
application was restricted accordingly (Fig. 5b, h).
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The participants were informed that all data was gathered anonymously and no personal
data was stored along with questionnaire data at any point in time. Personal data was only
used for management of the study in analogue form.
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5. Study data

5.1 The questionnaire

The questionnaire gathered information on demography, knowledge of and attitude to-
wards hand hygiene as well as compliance and motivation. All questions were imple-
mented into the application IdealPure.

At 10, all study participants answered questions to collect information on the demography
regarding gender, profession, years of practical experience, use of alcohol-based hand

sanitizer and their past training of hand hygiene.

For analysis of the free text answers, the author created a bottom-up coding tree of posi-
tive and negative feedback individually. Duplicates between t1 and t2 answers from the
same participant were only counted once. Number of answers matching to a code (and
categories thereof) are reported in total (across test and control and both timepoints) and
individually for test and control groups at t1. Timepoint t2 is not investigated individually,
as a carry-over effect in the replies from t1 was observed in multiple instances.

5.2 Performance scores

Thus, the data collected in advance and the machine learning developed upon these data
(s. above), we had to acknowledge that the data collected by IdealPure was not a reflec-
tion of the quality of executed gestures and could not provide additional data for analysis.
While performance-scores of each participant were recorded, variation within and be-
tween individuals was high. At t0, t1 and t2 the usage of Myo® armbands was supervised
which showed that the scores a user achieved did not reflect the actual performance qual-

ity.

We therefore refrain from reporting this data.
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5.3 Statistical Analysis

Due to the experimental nature of the study and the low number of participants, only de-

scriptive statistics such as mean and variance are reported.

In addition to reporting results for each group separately, we also provide overall (‘Total’)
values, which are averages across all participants at each time point. These totals are
presented only to give context — to show the general level of the outcomes and possible
trends in the full sample. All conclusions, however, are strictly based on the group-specific

analyses.
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6. Results

Since the automated data analysis could not achieve any usable results in the everyday
use, we cannot make any statements about the participants’ knowledge based on the
values recorded by the Myo® armbands, as already mentioned above.

Furthermore, other technical problems such as unstable internet connectivity and connec-
tivity issues of the Myo® armbands limited our data usable for meaningful analysis.

6.1 Demography

21 study participants were included into the study (Tab. 1). A total of 19 datasets were
evaluated in this study due to the exclusion of one participant and the loss of one data
set. A total of 14 (74 %) female and 5 (26 %) male health professionals participated in the
study. All participants confirmed the use of alcohol-based hand sanitizer during their work
routine. 16 (84 %) of all participants indicated that they had professional training in hand
hygiene at some point. However, only 7 (37 %) study participants confirmed a professional
training in hand hygiene during the last three years.
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Tab. 1: Baseline general study participants features

Test Control

Group Group Total
Study participants (n) 10 9 19
Male 4(40%) 1(11%) 5(26 %)
Female 6(60%) 8(89%) 14(74 %)
Profession
Registered nurse 1(10%) 2(22%) 3(16 %)
Physician 3(30%) 1(11%) 4(21%)
Last year medical student (intern) 2(20%) 3(33%) 5(26 %)
Physiotherapist 4(40%) 3(33%) 7 (37 %)
Experience
<10 years 7(70%) 4 (44%) 11(58 %)
11 - 20 years 1(10%) 0(0 %) 1 (5 %)
21 - 30 years 1(10%) 5(56 %) 6(32 %)
31 - 40 years 1(10%) 0(0 %) 1 (5 %)
> 40 years 0 (0 %) 0 (0 %) 0 (0 %)
Hand Hygiene
Used alcohol-based hand sanitizer for hand dis-
infection 10 (100 %) 9 (100 %) 19 (100 %)
Had professional training ever 9(90%) 7(78%) 16 (84 %)
Had professional training in the last three years 5 (50 %) 2(22%) 7 (37 %)

6.2 Knowledge of hand hygiene standard (H1)

Before training with the application, the mean of WHO gestures assigned in correct order
was 1.79 £ 1.13, 1.44 + 1.24 and 2.10 £ 0,99 out of six in the total study population and
in the control and test group respectively. Both the control group and the test group
showed a tendency towards improvement after using the application for two weeks.

At t1, the participants labeled 4.78 £ 1.99 and 5.00 + 1.33 gestures correctly in the control
and test group respectively. After ending the training with the gesture control armbands,
the test group’s knowledge appeared to decline slightly to 4.70 + 1.77. In contrast to the
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test group, the control group showed indications of a further increase in knowledge to 5.56
+ 0.88 when practicing with the gesture control armbands (Fig. 7).

O Total O Test ‘O Control

Number of correct gestures

to t1 t2

Timepoint

Fig. 7: Development of knowledge: number of WHO gestures placed in the correct order
at t0 (week 0), t1 (after two weeks) and t2 (after four weeks) in all study participants and
control and test group separately.

6.3 Self-report on adherence and attitude towards hand hygiene (H2)

An overview of the reported adherence and attitude towards hand hygiene can be found
in Tab. 2.
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Tab. 2: Self-report on adherence and attitude towards hand hygiene.

Test Control Total

Stan- Stan-
Time- dard de- dard de- Standard

point Mean viation Mean viation Mean deviation

t0 4.20 0.92 4.22 1.62 4.21 1.32
Compliance t1 4.60 0.84 4.00 0.94 4.32 0.95

t2 4.80 1.03 4.22 1.13 4.53 1.12

t0 2.30 1.64 2.67 1.05 2.47 1.39
Effort t1 3.10 1.91 2.89 1.59 3.00 1.76

t2 2.50 1.78 2.89 1.66 2.68 1.73

Importance forto 5.10 1.20 3.67 2.21 4.42 1.92

head of depart-t1 4.80 1.55 3.56 2.06 4.21 1.93

ment

t2 4.80 1.03 3.67 1.63 4.26 1.48

t0 5.40 0.70 522 1.23 532 1.00
Importance perso-t1

5.50 0.85 5.11 0.99 5.32 0.95
nal

t2 5.30 1.06 5.11 0.87 5.21 0.98

t0 5.60 0.70 5.56 0.50 5.58 0.61

Relevance in job t1 570 0.48 522 0.79 547 0.70

t2 5.40 0.84 5.33 0.67 5.37 0.76

6.3.1 Compliance with hand hygiene technique

When asked how often participants performed hand disinfection as recommended by
WHO, the mean showed a slight increase when analyzing both groups together (t0 = 4.21
+1.32,11=4.32+£0.95,12 =4.53 + 1.12) or test group (t0 = 4.20 £ 0.92, t1 = 4.60 + 0.84,
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t2 = 4.80 £ 1.03) individually, but no increase in the control (10 = 4.22 + 1.62, t1 = 4.00
0.94,t2 = 4.22 + 1.13) (Fig. 8).

O Total O Test O Control
6
° 3 —3
4 o o —0
(@]
£
= 3
o
2
1
0
t0 1 12
Timepoint

Fig. 8: Self-reported compliance with hand hygiene recommendations

6.3.2 Compliance with the five moments of hand hygiene

The estimated percentage of hand hygiene performance when indicated showed a pattern
as demonstrated in Fig. 9 in total (10 =85 % + 12.47,t1 =85 % + 12.47, 12 = 87 % £ 9.46),
control (t0 = 80 % + 13.39, t1 = 77 % * 12.25, 2 = 84 % % 9.06) and test group
(t0 =89 % £ 9.66, t1 =92 % + 6.55, 12 = 90 % + 8.96).

O Total O Test O Control
100
+
F———~o———F
c 60
[0]
o
& 40
20
0
t0 1 12
Timepoint

Fig. 9: Self-reported compliance with the five moments of hand hygiene
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6.3.3 Effort to perform good hand hygiene

Regarding the effort to perform good hand hygiene, the effort was evaluated higher at t1
in the total (t0 =2.47 +1.39, 11 = 3.00 £ 1.76, t2 = 2.68 + 1.73), control (10 = 2.67 £ 1.05,
t1 =289 £ 159, t2 = 2.89 £ 1.66) and test (10 = 2.30 £ 1.67, t1 = 3.10 £ 1.91,
t2 = 2.50 + 1.78). In total and test group however, the effort at 2 was rated lower than at
t1 (Fig. 10).

O Total O Test O Control

Rating

t0 t1 t2
Timepoint

Fig. 10: Rated effort to perform good hand hygiene

6.3.4 Importance of hand hygiene

The importance of optimal hand hygiene for oneself stayed at a high level throughout the
study and only showed minimal deviations for total (t0 = 5.32 £ 1.00, t1 = 5.32 £ 0.95, t2
=5.21 £ 0.98), control (t0 =5.22 £ 1.23, 11 =5.11 £ 0.99, t2 = 5.11 £ 0.87) and test (10 =
5.40 +£0.70, t1 =5.50 + 0.85, t2 = 5.30 + 1.06) group.

The importance for the supervisor of the department of total (10 =4.42 + 1.92,t1 =4.21 %
1.93, t2 = 4.26 + 1.48), control (t0 = 3.67 + 2.21, t1 = 3.56 * 2.06, t2 = 3.67 £ 1.63) and
test (t0 = 5.10 £ 1.20, t1 = 4.80 + 1.55, t2 = 4.80 + 1.03) group showed a difference
between test and control group, but no difference within the groups over time.

In contrast, the personal comfort when reminding colleagues of the hand hygiene routines
for total (t0 = 2.47 + 1.50, t1 = 2.53 £ 1.58, t2 = 2.68 + 1.38) did not change, while the
control group reported more comfort (0 = 1.78 £ 1.40, t1 = 2.22 + 1.40, 12 = 2.78 + 1.55)
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and the test group reported less comfort (t0 = 3.10 £ 1.29, t1 = 2.80 + 1.69, t2 = 2.60 %
1.17) over time.

6.3.5 Reasons for non-compliance

All study participants were asked to tick reasons for not performing hand hygiene
(Tab. 3). The main reason for non-compliance was the participants’ reported forgetful-
ness, followed by products not in convenient location or out of products.

There was a slight decrease in the test group for the reason forgetfulness in the test group
from t0 (6) to t1 and t2 (4). In the control group the total for this answer stays at a level of
6 at all times.

Notably, the number of replies for ‘out of product’ was 0 at tO for all groups and increased
to a total of 7 at t2 during the study. The replies for ‘product not at convenient location’
showed the inverse trend, starting with a total of 8 votes at tO and ending with 2 votes at
t2.

6.4 Expected effectiveness of different tools for improving hand hygiene (H3)

Expected effectiveness of any of the queried means of improving hand hygiene did not
change. Specifically, the expected efficiency of mobile applications as a training tool in
hand hygiene showed a slight increase at t1 for all groups, but also slightly decreased at
t2 resulting in a value close to the starting point.
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Tab. 3: Declared reasons for non-compliance of hand hygiene.

| sometimes do not perform hand disinfec-

tion because:

(Ich fiihre ab und zu keine Handedesinfek- Time- Test Control
tion durch, weil/ aufgrund von): point Group Group Total
t0 1(10 %) 2(22%) 3 (16 %)
too busy (zu ausgelastet) t1 1(10 %) 4 (44 %) 5 (26 %)
t2 1(10 %) 3(33%) 4(21 %)
forgot or did not think about it (vergessen oder t0 6 (60 %) 6 (67 %) 12 (63 %)
nicht daran gedacht) t1 4 (40 %) 6 (67 %) 10 (53 %)
t2 4 (40 %) 6 (67 %) 10 (53 %)
out of product(s) (kein Handedesinfektions- t0 00%) 0(0%) 0(0%)
mittel vorhanden) t1 4 (40 %) 2(22 %) 6 (32 %)
t2 4 (40 %) 3(33%) 7 (37 %)
product(s) not in convenient location t0 550 %) 3(33%) 8 (42 %)
(kein Handedesinfektionsmittel an geeigneter t1 5(50%) 1(11%) 6 (32 %)
Stelle vorhanden) t2 2(20%) 0(0%) 2(11%)
product(s) or practice damages my skin t0 1(10%) 1(11%) 2(11 %)
(das Handedesinfektionsmittel oder die Pro- t1 00%) 1(11%) 1(5%)
zedur schadigen meine Haut) t2 00%) 2(22%) 2 (11 %)
do not like product(s) available; please state t0 00%) 1(11%) 1(5%)
why (ich mag die verfigbaren Handedesinfek- t1 0(0%) 0(0%) 0(0%)
tionsmittel nicht, weil) t2 0(0%) 0(0%) 0(0%)
t0 1(10%) 0(0%) 1(5%)
other (andere) t1 1(10%) 2(22 %) 3 (16 %)
t2 1(10%) 1(11%) 2 (11 %)
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Tab. 4: Effectiveness of any of the queried means of improving hand hygiene for test,
control and total at t0, t1 and t2.

Test Control Total
Stan- Stan-
dard dard
Time- devia- devia- Standard
point Mean tion Mean tion Mean  deviation
t0 4.60 1.84 4.89 0.87 4.74 1.45
A t1 4.60 0.97 5.11 0.99 4.84 1.01
t2 4.60 1.17 4.56 0.68 4.58 0.96
t0 5.70 0.67 5.11 1.10 5.42 0.96
B t1 5.80 0.42 5.56 0.68 5.68 0.58
t2 5.60 0.97 5.44 0.83 5.53 0.90
t0 4.30 1.25 4.11 1.79 4.21 1.55
C t1 4.40 1.26 4.44 1.26 4.42 1.26
t2 5.00 0.94 4.11 1.59 4.58 1.39
t0 4.70 1.34 4.78 1.55 4.74 1.45
D t1 4.80 1.40 4.89 1.52 4.84 1.46
t2 4.80 1.23 4.78 1.40 4.79 1.32
t0 3.80 1.75 3.78 1.40 3.79 1.58
E t1 4.20 1.75 4.11 1.45 4.16 1.61
t2 4.00 1.56 3.78 1.23 3.89 1.41
t0 4.90 0.99 4.33 1.56 4.63 1.34
F t1 5.20 0.92 4.67 1.05 4.95 1.03
t2 4.90 0.88 4.78 1.55 4.84 1.26
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t0 4.50 1.65 4.44 1.42 4.47 1.54
G t1 4.40 1.84 4.56 0.83 4.47 1.43
t2 5.00 1.15 4.44 1.34 4.74 1.28
t0 4.50 1.18 3.89 1.73 4.21 1.51
H t1 4.50 1.18 4.22 0.79 4.37 1.01
t2 4.70 1.06 4.11 1.10 4.42 1.12
t0 4.00 1.94 2.78 1.40 3.42 1.80
| t1 3.40 2.01 3.67 1.56 3.53 1.81
t2 3.50 217 3.00 1.49 3.26 1.88

A) Leaders and senior managers at your institution support and openly promote hand
hygiene.

B) The health-care facility makes alcohol-based hand rub available at each point of
care.

C) Hand hygiene posters are displayed at point of care as reminders.

D) Each health-care worker receives education on hand hygiene.

E) Every health-care worker gets the opportunity of autonomous training hand hy-
giene with the help of a mobile application. Clear and simple hand hygiene instruc-
tions are made visible for every health-care worker.

F) Clear and simple hand hygiene instructions are made visible for every health-care
worker.

G) Health-care workers regularly receive feedback on their hand hygiene perfor-
mance.

H) You always perform hand hygiene as recommended (being a good example for
your colleagues).

I) Patients are invited to remind health-care workers to perform hand hygiene.

6.5 Coding of free text items

Codings for positive and negative answers are reported individually. As the study was
carried out in Germany, examples given in this section have been translated from German
into English.

Codings of positive comments included, for example, ‘ease of use’, ‘fast learning’ and
‘fun’. Codings were further summarized into categories (Usability, Learning, Motivation,

Media quality, directed feedback, basic information on HCAIs and general appreciation).
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For instance ‘ease of use’ and ‘clear arrangement’ were included under the key heading
‘usability”.

Negative comments were coded in an analogous manner.

The positive comments amounted to 26 codings for total across both study phases, and
9 and 6 for test and control at t1 respectively. The most commonly stated positive aspects
of the application were ‘learning’ (9 total, 4 test at t1, 1 control at t2), ‘usability’ (7 total, 2
test at t1, 3 control at t1) and ‘quality of media’ (3 total, 2 test at t1, 1 control at t1) in both
total and test at t1. The only notable positive aspect in the control group was usability (3
control at t1).

The only two major negative aspects of the application were ‘technical difficulties’ (8 total,

3 test at t1, 0 control at t1) and ‘invalid scores’ (5 total, 3 test at t1, O control at t1).

Overall, participants liked the application for its way of promoting hand hygiene and for
the positive effect it had on hand hygiene. The most positive stated comment was that
people were learning through the application, which is evidenced by the results of the
questionnaires as reported above.

Positive comments included:
- ‘Constant training promotes the correct execution of hand disinfection’ and
- ‘Training under supervision’ and

- ‘Systematic training, i.e. the experience/participation’

In general, participants liked the usability even though facing technical difficulties and even
though our application was unable to produce fully valid scores for the training with gesture

control armbands.

Negative comments included:
‘| considered the accuracy of the Myo® gesture control armbands difficult to esti-
mate as | had the feeling that it did not match the evolution’ and
- ‘Achieved percentage not robust’ and
- ‘Crashes at times’ and
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‘Connection difficulties with Myo® armbands at times’

The complete list of the coding can be found in the Addendum, Tab. 1.
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7. Discussion

7.1 General findings

The main finding of our study is that knowledge of the international standard defined by
the WHO is extremely low, as it is reported in other publications (Zakeri et al., 2017). In
contrast, both test and control group stated at the very beginning of the study (t0) that they
mostly performed hand hygiene as recommended by the WHO. This finding is in line with
other studies that showed that self-report is of low validity to measure hand hygiene (Haas
and Larson, 2007).

However, both test and control groups achieved high improvement from t0 to t1, indicating
that the training of hand hygiene even through simple means such as learning videos is
highly effective.

Anecdotal evidence: During the study, a lot of participants told other people about the
study. We got the impression that the participation in our study was proudfully reported,
presumable due to the moral aspect of hand hygiene. One participant approached the
study personal several months after the study ended. She shared that her co-workers had
inquired why her hand hygiene execution was that accurate. This indicates that hand hy-
giene is an important issue to medical staff.

7.2 Knowledge on hand hygiene standard (H1)

Knowledge on hand hygiene increased in both test and control group between t0 and t1.
In the test group, however, the knowledge decreased in the second phase, when training
by videos only. In contrast, when the test group entered the second phase and started
practicing with the gesture control armbands, their knowledge showed further improve-
ment.

We assume that both groups improved due to the novelty of the application and the regular
revision of content. The test group, however, had no further novelty effect in the second
phase, when training with videos only. In the control group, the practice via gesture control

armbands is still novel in the second phase and therefore this group had a novelty effect
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in both study phases. The novelty effect is reported in learnings situations where new
technologies are being introduced. Therefore new learning technologies with novelty fea-
tures lead to a higher interest among users which lead to higher scorings when first intro-

ducing a software (Pisapia et al., 1993; Tsay et al., 2020).

For many years, learning videos have found their way into modern education to promote
knowledge and specific skills. Even the tool as easy as watching short videos on one’s
smartphone can lead to improvement in knowledge as we could demonstrate in our study.
This aligns with findings from Stewardson et al. (2014), whose controlled study showed
that the SureWash video-measurement system significantly increased the number of cor-
rectly performed hand-hygiene poses per action, with sustained effects over time (Stew-
ardson et. al., 2014).

We think that even though our hypothesis is not fully supported, these results show how
a simple and inexpensive mobile application could lead to major improvement in hand
hygiene knowledge if motivated correctly.

We therefore conclude that H1 is at least partially supported: Knowledge of hand hygiene
techniques did increase when using the mobile application. However, no direct difference
during phase 1 could be observed between the two groups, although the control group

could further improve when using the gesture recognition armbands.

Still, to test this hypothesis, more studies with a higher number of study subjects seem

essential.

7.3 Self-report on adherence and attitude towards hand hygiene (H2)

We expected no change in self-reported adherence and attitude towards hand hygiene.
These parameters only changed slightly during the study phase. Most noticeable results
were the importance of hand hygiene to the participant, within the work environment and

the change in non-compliance as reported below.
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7.3.1 Importance of hand hygiene

The importance of hand hygiene for the HCWs who participated in the study was high in
both test and control group at all times of our study. This result allows only little conclu-
sions about the overall importance of hand hygiene in general for HCWSs. A selection bias
is likely to have occurred in this study as only HCWs with a high interest in hygiene might
have participated in our study.

Importance for the head of department was different in the two groups. A possible reason
for this divergence could originate in the inhomogeneity of both groups. One of the major
differences between both groups were their clinical experience. The test group consisted
of people with less experience. Maybe at an early stage of HCWs careers they have a
higher opinion of their head of department’s interest in hygiene. Moreover, the topic of
hand hygiene has become more and more important during the last years. This could
have had an influence on the younger people’s estimation.

The different change in the comfort of reminding colleagues with the comfort decreasing
in the test group and increasing in the control group might be explained by the same
phenomenon but does not support H2.

7.3.2 Reasons for non-compliance

The reasons for non-compliance show only little development. The self-reported forgetful-
ness increased during the study period. Likely the study participants were more critical as
they are more aware of hand hygiene and realized how often they used to forget the hand
hygiene.

The most obvious developments were the inverse trend for ‘out of product’ and ‘product
not at convenient location’. The increase of the reason ‘out of product’ could also be an
increased awareness of hand hygiene. That might have caused participants to be more
mindful when it comes to hand hygiene so that they have noticed that they were out of
product. The decrease of ‘product not at convenient location’ might be caused by a higher
willingness to perform hand hygiene.
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As we did not aim to influence the participants’ attitude and behavior regarding hand hy-
giene, H2 is supported. Nevertheless, the awareness of their own behavior might have

increased.

7.4 Motivation towards using a mobile application (H3)

In both groups, motivation towards a mobile application as a tool to improve hand hygiene
via autonomous training of staff shows a slight increase from t0 to t1 and a slight decrease
from t1 to t2. Still these changes are only very marginal. Possibly, the novelty of the ap-
plication leads to a higher motivation for that kind of training. But participants also faced a
lot of technical difficulties while using the application for a longer time, especially with the
gesture control armbands.

As especially these technical difficulties must have affected motivation towards using a
mobile application as a learning tool for hand hygiene negatively, we think that a techni-
cally more mature application might potentially increase motivation in contrast to a re-
search prototype. We therefore think that our hypothesis is not disproved yet. But to con-

vince people of the application, it needs further improvement.
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8. Limitations

Our study was mainly explorative investigating the possibility of using a mobile application
with learning videos and gesture control armbands to improve knowledge on hand hy-
giene. Therefore, only a small number of study participants were included in this study.
For that reason, our findings can only give indications that this form of training might be a
promising tool to practice hand hygiene.

Furthermore, a high number of technical difficulties did arise during the study, like con-
nectivity difficulties with the gesture control armbands or the internet. Especially the eval-
uation of disinfection gestures via gesture control armbands was not perceived as reliable
by the study participants. While Kutafina et al. reported a high recognition rate, these tests
were done in a controlled laboratory setting (Kutafina et al., 2016). Performance of the
participants and usage of the devices varied which led to lower reliability of the scoring
algorithm. This was also observed by the study personnel during the face-to-face sessions
at t0, t1 and t2. Therefore, we could only measure knowledge via questionnaire.

Due to randomization, slightly imbalanced groups were compared in this study (gender-
wise, experience-wise).

An important limitation of this study is the short period of time in which we measured our
results. Overcoming the novelty effect of a mobile application is a challenge many devel-
opers are facing (Tsay et al., 2020). Other studies however also suggest that the familiarity
not the novelty enhance the memorized facts (Poppenk et al., 2010). Therefore, long term
data on the usage data and the gained knowledge we aimed to teach not only from weeks
or months of usage, but of years are needed.

Furthermore, to evaluate the effect of this form of training on the burden of HCAIls, meas-
urements of the impact on the long-term incidence of HCAIs is needed.

However, the proposed intervention only aims at training hand hygiene technique, and we
were able to achieve a high gain in knowledge through our application IdealPure.
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9. Comparison to state of the art

Only very limited literature is available on the training of hand hygiene technique using
wearable devices.

The company SureWash® provides solutions for training hand hygiene based on the WHO
standard. They all use a video camera to measure hand motions and provides the user
with real time feed-back (Higgins and Hannan, 2013).

Two of the SureWash® systems use a stationary camera (Surewash, 2021). In several
studies an improvement of hand hygiene quality and quantity could be achieved (Higgins
and Hannan, 2013; Lacey et al., 2016). Still these systems are cumbersome, limited in
mobility and might raise privacy concerns due to the camera use.

At the end of 2019, when our study was already closed, a mobile application called Sure-
Wash® APP was released. This mobile application uses the smartphone’s camera to de-
tect hand movement. The mobile phone is placed on top of a surface and the user has to
perform hand hygiene. When the user performs the correct movement for a defined time,
the next movement can be performed. By January 2025, no scientific literature has been
published to evaluate the effect on hand hygiene quality of this intervention, or on its per-
formance (SureWash, 2025). Furthermore, when testing the SureWash® app for this work,
in multiple sessions random gestures were recognized as being correct. This indicates
that this current commercially available system is prone to errors as well.

Also, in contrast, our application aims to evaluate the execution of each hand hygiene
gesture individually. The user receives feedback on the quality of the performed gesture.

Moreover, educational videos are implemented in IdealPure.
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10. Conclusion

Behavioral research shows that learning through individual experience is of higher impact
than formal education itself when it comes to hand hygiene behavior (Nicol et al., 2009).
We were not able to fully prove our hypotheses, especially due to technical difficulties.
Nonetheless, our results give reason to assume that a mobile application can be a time-
efficient and easy to use tool forimproving HCWs’ knowledge on correct hand disinfection.
Training hand disinfection through a mobile application even without gesture control arm-
bands achieves an improvement in knowledge about the execution of correct hand hy-
giene. However, our machine learning technology needs further improvement to give the
user reliable feedback of the quality of the gestures performed.

At this time, our mobile application does not replace in-service lectures or the display of
educational posters at medical institutions. Still we think that after major technical improve-
ment, it could be used as a supplementary form of teaching in the future.

Even by 2025, there is no other technology available that could fully replace practical

training supervised by a trained professional.
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Tab. 1: Coding categories for positive (a) and negative (b) comments

(a) Coding of positive comments Conditions

Coding categories Test at t1 ::10ntrol at Total
Usability 2 3 7
Learning 4 1 11
Playful/ Fun/ Motivation 1 0 2
Quality of media 2 1 3
Direct feedback 0 0 1
Overall good 0 0 2
Information / importance 0 1 2
(b) Coding of negative comments Conditions

Coding categories Test at t1 ::10ntrol at Total
Technical difficulties 3 0 8
Invalid scores 3 0 5
Difficult learning materials 0 1 1
Color design 0 1 1
Enforcement of separate mobile phone 1 0 1
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IdealPure - Anleitung

Nutzung

Stellen Sie stets sicher, dass lhr Smartphone mit dem Internet verbunden ist!

TRAINING

TELLUNGEN

Myos auswahlen

DF:EE:98:58:05:25

Starten

2 BE P -

EVALUIERUNG

[P Tr)
DEMO ! i !

|

L.A-

Myos auswahlen
DF:EE:98:5B:05:25
v

EE13:19:77:82.78

(.. [P

Benutzeroberfliache
e Links: Oberflache der Interventionsgruppe (mit Myos)
e Rechts: Oberfldche der Kontrollgruppe (ohne Myos)
o Hier stehen lhnen die Funktionen Training und
mein Profil nicht zur Verfuigung

[EEET TR 1 2ining

1. Legen Sie die zwei Myo-Gestenarmbéander an (achten Sie
darauf, dass diese geladen sind und die USB-Anschliisse in
Richtung Ihrer Handfldchen zeigen)

ISB-Anschluss bzw. die

der Hand zeigen

Tippen Sie auf , TRAINING”

3. Nach einigen Sekunden erscheinen beide Myos

4. Tippen Sie auf den oberen ,Vibriere“-Button, nach kurzer
Zeit vibriert eines der Myos

5. Wabhlen Sie nun aus, welches der Myos vibriert hat und
setzten sie durch Tippen in die rechte quadratische Box
dort einen Haken

6. Wiederholen Sie fur das andere Myo die Schritte 4 & 5

7. Durch Tippen auf ,Starten” beginnt nach 5 Sekunden das

Training: Fihren Sie die angezeigten Gesten fur je 5

Sekunden aus

Mein Profil
®  Hier haben Sie Einsicht in die Gesamtergebnisse Ihrer
letzten 7 Trainingsdurchgénge mit den Myos und kénnen
somit Ihren Lernfortschritt einsehen
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Ganze Abfolge

» v

Ganze Abfolge
Geste 1 - Handfliichen
Geste 2 - Handriicken
Geste 3 - Zwischenriume
Geste 4 - Fingerkuppen

Geste 5 - Daumen

Geste 6 - Fingernéigel
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Lernen
e hier kdnnen Sie sich Lehrvideos anschauen
e |hnen stehen Videos zur gesamten Abfolge und zu jeder
Geste zur Verfligung
e Tippen Sie auf den blauen Button ,,Ganze Abfolge”, um
anderes Video auszuwahlen
e Drucken Sie auf den roten Start Button im Video, um da
YouTube-Video zu starten
Durch Tippen auf den eckigen Button im Video erreichen Sie den
Vollbildmodus

Einstellungen
e Passwort-geschiitzter Bereich: hier sind Ihre ausgefiillte
Fragebogen hinterlegt, die Sie mit dem Prifer zu
verschiedenen Zeitpunkten ausfillen

Fig. 1: Manual of the application IdealPure as handed out to the study participants
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