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Background: Evidence-based practices to increase hand hygiene compliance (HHC) among health care work-
ers are warranted. We aimed to investigate the effect of a multimodal strategy on HHC.
Methods: During this 14-month prospective, observational study, an automated monitoring system was
implemented in a 29-bed surgical ward. Hand hygiene opportunities and alcohol-based hand rubbing events
were measured in patient and working rooms (medication, utility, storerooms, toilets). We compared base-
line HHC of health care workers across periods with light-guided nudging from sensors on dispensers and
data-driven performance feedback (multimodal strategy) using the Student’s t test.
Results: The doctors (n = 10) significantly increased their HHC in patient rooms (16% vs 42%, P< .0001) and
working rooms (24% vs 78%, P= .0006) when using the multimodal strategy. The nurses (n = 26) also
increased their HHC significantly from baseline in both patient rooms (27% vs 43%, P = .0005) and working
rooms (39% vs 64%, P< .0001). The nurses (n = 9), who subsequently received individual performance feed-
back, further increased HHC, compared with the period when they received group performance feedback
(patient rooms: 43% vs 55%, P< .0001 and working rooms: 64% vs 80%, P< .0001).
Conclusions: HHC of doctors and nurses can be significantly improved with light-guided nudging and data-
driven performance feedback using an automated hand hygiene system.
© 2020 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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Hospital-acquired infections (HAIs) continue to burden patients,
health care workers (HCWs) and society by increasing morbidity,
mortality, absenteeism and treatment costs.1-3

The coronavirus disease 2019 pandemic has underlined the
importance of effective infection prevention measures in hospitals,
including proper hand hygiene. HCWs are at the front-line, and their
constant exposure to infected patients and contaminated surfaces
puts them at risk of acquiring and transmitting pathogens.4 Their
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adherence to hand hygiene guidelines is vital in combatting infec-
tious diseases in hospitals, especially HAIs and now also severe acute
respiratory syndrome coronavirus 2.5 Adequate hand hygiene among
HCWs can prevent an estimated 15%-30% of the HAIs6-8 but compli-
ance remains suboptimal.9

Many strategies have tried to improve the hand hygiene compli-
ance (HHC) of HCWs but most effects are small to moderate and often
short term.6,10,11 A recent Cochrane review identified 26 studies
which assessed the combinations of the following strategies: avail-
ability, education, reminders (verbal and written), performance feed-
back, administrating support, and staff involvement. The authors
conclude that the strategies may improve the HHC, but the certainty
of evidence varies from low to moderate and the most effectful
method remains unclear.12 Two systematic reviews found that multi-
modal strategies were more successful in improving HHC rates of
HCWs than single interventions.13,14 Moreover, the improvement
strategies directed toward education, motivation, and continuous
feedback proved to be effective. The authors also conclude that we
should be more creative in the application of alternative improve-
ment activities.

Now automated hand hygiene monitoring systems create an
opportunity to provide real-time data and feedback using light-
guided nudging (Sani nudge; Copenhagen, Denmark, https://sani
nudge.com. Accessed September 20, 2020). The author group has pre-
viously described their experiences with the automated hand
hygiene monitoring system from a development and implementation
perspective.15

Nudging is a friendly reminder to encourage desired behavior. It
can be anything from posters to sounds or dynamic lights that change
over time to mitigate “banner blindness.” However, the impact of
nudges on clinicians’ behavior has only recently started to be for-
mally evaluated and it is mostly investigated using static interven-
tions, such as posters, signs, stickers, brochures, letters and
emails.16,17 Given the potential of “nudge” strategies to impact on
clinicians’ behaviors, efforts to describe the application and potential
effect of such strategies on HHC are warranted.

We aimed to determine if a multimodal strategy, consisting of
light-guided nudging and data-driven performance feedback on
group and individual levels, can be used in a clinical context as a sup-
porting tool to improve HHC among HCWs.

METHODS

Study design and setting

We conducted a single-site, prospective, observational, quality
improvement study between February 2018 and April 2019 in a sur-
gical department with 29 beds (3 single, 1 twin, and 8 multibed-
rooms) as a substudy of a multiregional project.15 Some data from
the present cohort have been published elsewhere.15 However, the
hand hygiene improvement data have not previously been reported.
This ward was chosen because it had a history of infectious disease
outbreaks and, although normally contained within few weeks, we
had the assumption that hand hygiene could be improved.

In Denmark, WHO’s “My 5 Moments for Hand Hygiene” is the
standard practice.18,19 We focused on alcohol-based hand rubbing
based on the Danish national hygiene guidelines for HCWs stating
that hand washing must always be followed by alcohol-based hand
rubbing.19

Study subjects and data collection

We included both doctors and nurses from the surgical ward of
which 17 of the nurses were also included in our previous study.15

Participation in the study was voluntary and data were anonymized
to both study participants and investigators, except from a group of 9
nurses who volunteered to receive their own hand hygiene results
via a weekly email to test how individualized performance data affect
the performance. No information about the study subjects besides
health care profession was obtained to ensure anonymity. All partici-
pants were briefed about the study purposes and placement of the
hand hygiene system prior to study initiation.

Data were collected using an automated hand hygiene monitoring
system (Sani nudge, Copenhagen, Denmark, https://saninudge.com.
Accessed September 20, 2020). Sensors were placed on the existing
alcohol-based hand rub dispenser solutions from where every hand
hygiene event was registered, as previously described.15

In brief, the sensors had a built-in nudging feature with discrete
light symbols which was activated during selected periods of the
study (Fig 1A). Other sensors were placed above the patient beds, cre-
ating a patient zone around each bed (Fig 1B). This allows the system
to be used for monitoring WHO moments 1 (before touching a
patient), 4 (after touching a patient), and 5 (after touching patient
near surroundings). Moments 2 (before clean/aseptic procedures)
and 3 (after body fluid exposure/risk) were included in the data
because many of these procedures also take place in the patient zone.
However, it was not possible to distinguish them from the other
moments. Finally, anonymous Bluetooth sensors were placed on the
existing name badge of the HCWs and were coded to be either a doc-
tor or a nurse (Fig 1C). The sensors made it possible to measure when
an HCW had a hand hygiene opportunity and whether alcohol-based
hand rubbing was performed in that moment. A hand hygiene data
report was sent on a weekly basis to the infection control nurses and
the head nurse who would then show it to the HCWs in the ward
during bi-weekly meetings (Fig 1D). After the meeting a copy of the
data were put on a bulletin board for display.

The system did not measure physical contact but used clinically
validated algorithms based on time and distance measurements in
the patient zone to calculate whether contact was most likely to have
taken place.
Hand hygiene improvement strategy

The study was divided into three phases (Table 1): In phase 1
(baseline), the system was implemented, and a compliance baseline
was measured. The baseline functioned as a control period with data
representing the current HHC status of the ward before the improve-
ment initiatives began. All study participants were blinded to data
during this period to minimize the risk of bias.

During phase 2 (group intervention: Data-driven performance feed-
back and light-guided nudging), the head nurse and the hygiene coor-
dinator in the ward presented the HHC to their colleagues in the ward
at short (5-10 minutes) bi-weekly meetings. All HCWs at work partici-
pated in the meetings. The data were shown as a general compliance
number of the ward and stratified according to the following 6 room
types: Patient room, medication room, dirty utility room (sluice room
for soiled goods), clean utility room (sluice room for storage of clean
goods), storeroom and staff toilet. The agenda of themeetings were:

1 Summary (awareness and follow-up): The head nurse and
hygiene coordinator provided an overview on the previous week’s
HHC to make sure that everyone was updated on the most recent
data. They also followed up on the previous week’s goal as an eval-
uation of the performance.

2 Open discussion (knowledge distribution): The summary was
followed by an open discussion in plenum assessing barriers
towards hand hygiene. The question was: Why do you think we
see these compliance numbers and how can we improve even fur-
ther? Based on the input during the meetings and identification of

https://saninudge.com
https://saninudge.com
https://saninudge.com


Fig 1. The Sani nudge hygiene system: (A) Sensor on a dispenser registering the number of alcohol-based hand rubbing events and displaying a nudge (green smiley) as a reward
when a sanitization is performed. (B) The patient zone (illustrated with blue) created by the sensor near the head of the patient bed. (C) An anonymous sensor on the name badge of
each health care worker. The sensor is coded according to staff profession (doctors and nurses). (D) Data captured by the sensors are sent to a secure cloud-based server and stored
at the device level. Weekly performance data on group level is sent to the infection control nurses and ward managers, shown at staff meetings and put up on bulletin boards.
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potential knowledge gaps, the hygiene coordinator would host
additional training sessions with the HCWs on a regular basis.

3 Focus (guided practice): The head nurse and hygiene coordina-
tor selected and presented a specific hand hygiene opportunity
to improve for the next week(s). The head nurse repeated the
hygiene guidelines related to the specific focus of the week
and gave clear and simple instructions on how to be compli-
ant. An example: “Focus of the week is the ‘before patient con-
tact’-moments. The guidelines state that we must perform
hand hygiene before touching a patient (moment 1). As a goal
the following week, we must all remember to sanitize hands
every time we are walking into a patient room, before touch-
ing a patient.”

In addition, the nudging feature of the system was switched on
periodically during phase 2. The nudges consisted of lights in 10 dif-
ferent colors (yellow, orange, red, pink, magenta, purple, blue,
Table 1
Study overview and description of the phases

Phase Period (months) Description

1. Baseline period 2 Control period: A period without any interv
2. Group intervention

(team data and
nudging)

12 Data-driven performance feedback: The he
ance for each room type (patient room, m
sion on how to overcome hand hygiene b

Light-guided nudging: The Sani nudge sens
and symbols) to bring staff's attention to
required hand sanitization. Once a saniti
nudging was switched on and off with di

3. Individual
intervention

4 Data-driven performance feedback: 8 mon
consisted of weekly reports send by ema
each room as well as before and after pat
colleagues’ group compliance.
turquoise, dark green, and lime) which were displayed by the sensors
on the dispensers (Fig 1A). A nudge was provided when staff
approached a dispenser and once alcohol-based hand rubbing was
performed. In order to avoid banner blindness (ie, unconsciously
desensitization of a stimuli over time due to repeated exposure), the
nudging mode (light) and length of time were switched on and off at
random. The nudging colors were also displayed in a random man-
ner. The symbols switched between random lights (cue) to increase
awareness and green smileys after sanitizations (reward) to reinforce
the desired behavior and create a persistent routine.

During phase 3 (individual intervention: Performance data on an
individual level), 9 nurses volunteered to receive weekly individual
compliance data by email in order to personalize the feedback. This
was done automatically by the system and was blinded to the head
nurse, hygiene coordinator or the rest of the staff. Those not receiving
individualized data continued as described in phase 2 for the rest of
the study period.
entions, reflecting the current hand hygiene compliance of the ward.
ad nurse and hygiene coordinator presented the department’s hand hygiene compli-
ediation room, staff toilet, dirty and clean utility rooms) followed by an open discus-
arriers. A copy of the results would be put on a bulletin board for display.
ors, located on existing alcohol-based hand rub dispensers, used visual nudges (lights
wards hand hygiene. The visual nudges appeared when staff was in a situation that
zation was performed, a smiley appeared to complete the positive feedback loop. The
fferent intervals and in a randommanner to avoid banner blindness.
ths into phase 2, 9 nurses started receiving individual performance feedback which
il directly to each of them. The nurses were able to see their own compliance data in
ient contact. They were also able to compare their own results with the rest of their
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Ethics

Pursuant to the Danish law, approval was queried and evaluated
as not needed by both the Ethics Committee (J. no. H-16020755) and
the Danish Data Protection Agency (J. no. 2018-312-0169).

Outcome

Our primary analysis focused on the effect of light-guided
nudging and data-driven performance feedback as a combined
intervention (multimodal strategy). We compared the mean HHC
between the baseline period and the intervention period. The sec-
ondary analysis evaluated the effect of individual performance
feedback.

Statistical analysis

Hand hygiene performance rates were calculated by dividing
hand hygiene events (number of hand disinfections using alcohol-
based hand rub dispensers) by hand hygiene opportunities. Statistical
Fig 2. Individualized data-driven performance feedback. Nine nurses received individualize
them. The nurses were able to see their own compliance data in each room as well as befor
rest of their colleagues’ group compliance.
analyses were performed using Microsoft Power BI (version
2.66.5376.2521, Microsoft, Redmond, Washington, DC) and GraphPad
Prism (version 8.4.2.GraphPad Inc., La Jolla, CA).

Kolmogorov-Smirnov and Shapiro-Wilk normality tests were
performed. Due to parametric distribution, continuous variables
are presented as means with standard error of the mean. For the
primary analysis, the differences between means were assessed
using the Student’s unpaired t test. The unpaired t test was cho-
sen as a predefined analysis because the hand hygiene events
were aggregated on day level and not on person level due to ano-
nymity of the HCWs . P values <.05 were considered to indicate
statistical significance.

RESULTS

We enrolled 26 nurses and 10 doctors. The system registered an
average of 5,000 hand hygiene opportunities in the ward per week
for these 36 HCWs during the study period. In general, the HHC was
lowest in the patient rooms compared with the other rooms for both
the doctors and the nurses (Fig. 2 and 3).
d performance feedback consisting of weekly reports send by emails directly to each of
e and after patient contact. They were also able to compare their own results with the



Fig 3. Hand hygiene compliance of the doctors (n = 10) in the surgical ward before and after nudging and performance feedback was introduced. Compliance is calculated as an
average standard error of the mean during the study period.
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Hand hygiene compliance of the doctors

The doctors had a baseline HHC of 16% in the patient rooms and
24% in the other rooms in the ward. HHC increased significantly to
42% (P< .0001) in the patient rooms and to 78% (P = .0006) in all other
situations once the nudging feature was activated and the group per-
formance feedback used (Fig 3).

The doctors were more likely to sanitize hands after rather than
before patient contact during the baseline period (21% vs 11%, respec-
tively). The same behavioral pattern was observed during the period
with nudging and performance feedback (53% vs 21%).
Hand hygiene compliance of the nurses

The nurses had a baseline HHC of 27% in the patient rooms and
39% in the rest of the rooms in the ward. HHC increased significantly
to 43% (P= .0002) in the patient rooms and to 64% (P< .0001) in all
other situations once the nudging feature was activated and the
group performance feedback provided (Fig 4). The HHC of the nurses
receiving individual performance feedback further increased to 55%
(P< .0001) in the patient rooms and to 80% (P< .0001) in all other sit-
uations compared with the period when group level data and nudg-
ing were provided (Fig 4).

As with the doctors, the nurses were more likely to sanitize hands
after rather than before patient contact during the baseline period
(35% vs 19%, respectively). The same pattern was observed during
nudging and group performance feedback (50% vs 36%) as well as
during individual performance feedback (61% vs 49%).
DISCUSSIONS

To our knowledge, this is the first study to examine the combina-
tory effect of data-driven performance feedback and light-guided
nudging on HHC. The multimodal intervention significantly increased
HHC of both doctors and nurses. The doctors had the lowest baseline
compliance but seemed to be very responsive to the intervention and
reached the same compliance levels as the nurses in the patient
rooms and even higher levels in the working rooms. However, the
nurses receiving individual performance feedback demonstrated the
best performance in all the different room types.
A reason for the improvements observed could be the reduction in
cognitive biases. When HAIs manifest several days after exposure,
HCWs do not encounter the consequences of poor hand hygiene and
they could consider their risk of causing infections negligible.16

When being reminded about the importance of good hand hygiene
through performance feedback and via nudges in the moment, some
of these cognitive barriers are removed.20

The baseline HHC was low but comparable to other studies using
automated hand hygiene monitoring systems while the improve-
ments seen in this study are some of the highest reported.21 The HHC
was lowest in the patient rooms both before and after the interven-
tion period. One possible factor could be that the highest number of
opportunities was measured in these rooms, making higher perfor-
mance more difficult. This is an important factor because most other
monitoring systems only measure compliance upon room entry and
exit despite that several hand hygiene opportunities occur near the
patient during a single visit.21 The Sani nudge system measures com-
pliance around the patient bed, providing a more detailed picture of
the hand hygiene behavior when performing patient-centered clini-
cal tasks. This is of particular relevance in multiple bedrooms where
HCWs risk moving from patient to patient without performing hand
hygiene.

The HHC is comparable to studies using video-monitored direct
observation systems which is often considered the highest technical
standard but has limited implementation possibilities due to pri-
vacy.22,23 The findings of this study suggest that the Sani nudge sys-
tem can be used when you want to measure HHC in hospital settings
according to WHO’s “My 5 Moments” or hospitals who needs a more
nuanced picture of the hand hygiene situation in the patient rooms
than room entry and exit measurements can provide.

Some limitations should be considered when interpreting the
results. First, a small number of HCWs (n = 36) were included and
their behavior might not be representative for other HCWs. However,
the system collected a high number of opportunities compared with
studies performing direct observations which provides robustness to
the analyses and increases the validity. In addition, data collection
was done 24/7 for 14 months whereas direct observation studies nor-
mally do it sporadically during daytime and on weekdays only, pre-
senting a limited picture of the true hygiene performance.

Second, there might have been some degree of selection bias
toward the nurses choosing to receive individual data. As this was



Fig 4. Hand hygiene compliance of the nurses (n = 26) in the surgical ward before and after nudging and performance feedback was introduced, and hand hygiene compliance of the
9 nurses receiving individual data. Compliance is calculated as an average standard error of the mean during the study period.
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based on volunteering, it is possible that those whom felt confident
about their own performance were more likely to volunteer. It was
not possible to investigate if they were also the top performers dur-
ing the baseline period because their data was anonymized up until
they consented to have individual data collected. Despite this consid-
eration, the nurses significantly improved once they started receiving
individualized data compared to when they received data on group
level. An explanation could be that the increased insights into their
own performance reduced the Dunning-Kruger effect even further.24

Third, the hand hygiene system did not measure the quality of the
alcohol-based hand rubbing which also has a significant impact on
the effectiveness to prevent the spread of pathogens. Instead we
learned that the hand hygiene system should be used as a prioritiza-
tion tool for the hygiene organization to identify wards, professions
and hygiene moments (eg, before and after patient contact) where
hand hygiene performance is good and where there is room for
improvement. It allows the management or infection prevention
team to direct their limited resources to where it is mostly needed
and have the highest impact in terms of infection prevention risk.
Creating a transparent hand hygiene performance system also
enhances an ongoing knowledge sharing of best practices which is
highly needed in infection prevention during routine and outbreak
situations.25

Finally, we did not note down the HCWs who attended the bi-
weekly data presentation meetings and we can therefore not assure
that all HCWs got exposed to the data performance intervention. We
did put a copy of the performance results on a bulletin board for dis-
play after each meeting to mitigate the risk of not being exposed to
the information. Future studies should consider sending out emails
or using other relevant approaches to ensure that all team members
get exposed to the performance feedback interventions.

CONCLUSIONS

We found that HHC with sanitizer of both doctors and nurses can
be significantly improved with light-guided nudging and data-driven
performance feedback on group and individual level using an
automated hand hygiene system. This study provides justification for
continued investigation on how improvement strategies can be
designed to achieve an optimal HHC with limited efforts and
resources.
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