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Abstract
Aim: Evaluate how well hand antisepsis adherence observations
measure or increase adherence.
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Method: A prospective observational study using double-blinded Wi-Fi-
based dispenser recordings and overt adherence observations was Claudius Kruse1

conducted in an intensive care unit at a German university teaching
hospital. The study was part of a multimodal approach aimed at improv- 1 Clinic for Anaesthesiology

and Intensive Care Medicineing hand hygiene. During the six-week study period, Wi-Fi hand sanitizers
recorded every hand antisepsis event in each room. A highly trained Franziskus Hospital Bielefeld,

Bielefeld, Germanyhealth science student conducted ten standardized, non-covert obser-
vation sessions in selected ICU rooms, each lasting two and a half hours. 2 Institute for Hygiene and

Public Health, University ofResults: A total of 3,957 hand antisepsis events were recorded. A Stu-
dent’s t-test revealed significant differences in the number of hand Bonn, and German Society
antisepsis events per patient during adherence monitoring compared for General and Hospital
to days without observations. Observed adherence was 70%. The Hygiene, e.V., Berlin,

GermanyHawthorne effect was quantified and showed that observed adherence
must be reduced by approximately 24% to determine real, uninfluenced
adherence, which was 53%. As soon as adherence monitoring begins,
adherence levels rise, and immediately after monitoring ends, they drop
back down to exactly the same level as before. Adherence observations
had much less influence on the amount of hand sanitizer used.
Conclusions: With Wi-Fi recording of hand sanitization events, the
transient Hawthorne effect during hand hygiene adherence observations
and real, everyday adherence could be quantified. The results showed
that even with a multimodal approach that included adherence moni-
toring and feedback, no further improvement could be achieved in a
hospital that had been focusing on hand hygiene for many years.
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Zusammenfassung
Zielsetzung: Bewertung, inwieweit die Adhärenzbeobachtungen der
Händedesinfektion zur Messung und Steigerung der Adhärenz führen
kann.
Methode: Es wurde eine prospektive, doppelblinde Beobachtungsstudie
auf der Intensivstation eines deutschen akademischen Lehrkranken-
hauses durchgeführt. Die Studie war Teil eines multimodalen Ansatzes
zur Verbesserung der Händehygiene. Während des sechswöchigen
Studienzeitraums erfassten WI-FI-Händedesinfektionsmittelspender
jede Händedesinfektion in jedem Zimmer. Ein geschulter Student der
Gesundheitswissenschaften führte in ausgewählten Zimmern der Inten-
sivstation zehn standardisierte, offene Beobachtungssitzungen durch,
die jeweils zweieinhalb Stunden dauerten.

1/9GMS Hygiene and Infection Control 2026, Vol. 21, ISSN 2196-5226

Research ArticleOPEN ACCESS



Ergebnisse: Insgesamt wurden 3.957 Händedesinfektionen erfasst.
Der Student-t-Test ergab signifikante Unterschiede in der Anzahl der
Händedesinfektionen pro Patient während der Adhärenz-Überwachung
im Vergleich zu Tagen ohne Beobachtungen. Die beobachtete Adhärenz
betrug 70%. Der Hawthorne-Effekt wurde quantifiziert und zeigte, dass
die beobachtete Adhärenz um etwa 24% reduziert werden muss, um
die tatsächliche, unbeeinflusste Adhärenz zu ermitteln, die bei 53% lag.
Sobald die Adhärenz-Überwachung beginnt, steigt die Adhärenz, und
unmittelbar nach Ende der Überwachung sinkt sie wieder auf das gleiche
Niveau wie zuvor. Die Adhärenz-Beobachtungen hatten einen deutlich
geringeren Einfluss auf die Menge des verwendeten Händedesinfekti-
onsmittels.
Schlussfolgerungen:Mithilfe der WLAN-Aufzeichnung von Händedesin-
fektionen konnten der vorübergehende Hawthorne-Effekt bei der Beob-
achtung der Einhaltung der Händehygiene sowie die tatsächliche Adhä-
renz quantifiziert werden. Die Ergebnisse zeigten, dass in einem Kran-
kenhaus, das sich bereits seit vielen Jahren auf die Händehygiene
konzentrierte, selbst mit einemmultimodalen Ansatz, der die Adhärenz-
beobachtungen und Feedback umfasste, keine weitere Verbesserung
erzielt werden konnte.

Schlüsselwörter: Händedesinfektion, Händedesinfektionsmittel,
Leitlinienadhärenz, Hawthorne-Effekt, Intensivstation, Infektionskontrolle

Introduction
Monitoring adherence with hand antisepsis is one of the
most important internal quality measures in hospitals
according to the World Health Organization (WHO) and
National Health Authorities (NHAs) and highly recommend-
ed in many countries [1], [2]. Adherence observations
serve as a monitoring tool and as a central component
of a multimodal approach to improving adherence. This
approach also includes othermeasures, such as optimiz-
ing the placement of hand antiseptic dispensers, signage,
education, electronic monitoring [3], [4], [5], [6] and
feedback [1]. Adherence observations are typically made
by infection control professionals who determine the
number of hand antisepsis events (HAE) performed ac-
cording to the five World Health Organization (WHO)
indications, thereby quantifying adherence [1].
However, scientific publications are increasingly pointing
out the shortcomings of adherence observation as a way
tomonitor adherence and to improve adherence. Studies
on hand antisepsis have shown that the act of observation
itself has an increasing impact on adherence [7], [8], [9],
[10]. During observation, the Hawthorne effect [11] in-
creases the adherence of the observed staff, but after
observation, when the observer was absent, adherence
returned to approximately baseline [7], [12], [13].
Technical solutions are said to improve the adherence,
too [14]. WI-FI-controlled hand antiseptic dispensers track
and record every use, along with information such as
which dispenser was used, when it was used, and how
much was dispensed. The dispensers then transmit this
information wirelessly to a server via Wi-Fi. The server
can cross-reference this data with information from the
hospital information system. For example, it can deter-

mine howmany patients were in the roomwhere the hand
sanitizer was dispensed [10], [15]. It is under discussion,
however, if this technical intervention can increase hand
antisepsis adherence on its own [10].
The scheduled aim of this study was to develop an effi-
cient method for adherence studies even under the con-
ditions of a fluctuating level of attendance during the
daily routine work. Furthermore, the study wanted to as-
sess if adherence observations and/or WI-FI-controlled
hand antiseptic dispensers could increase the adherence
long term and to quantify the Hawthorne effect.

Methods

Preparatory study phase

For many years, the study hospital has used amultimodal
approach to improve adherence to hand hygiene
guidelines. This approach includes providing alcohol-
based hand rub at the point of care, offering regular
training and education on the importance of hand hygiene
and proper technique,monitoring hand sanitizer consump-
tion per ward, observing adherence by hygiene specialists
and providing feedback, placing reminders in the work-
place, and fostering an institutional safety culture.
Immediately prior to the study, intensive care unit (ICU)
staff underwent additional specialized training on hand
antisepsis. This training included feedback on hand anti-
septic consumption and observations of adherence in
the ICU. The number and placement of the hand antisep-
tic sanitizers were optimized using the data of the WI-FI
dispensers.
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Study design

Prospective observational study using double-blindedWi-
Fi-based dispenser recordings and overt adherence ob-
servations. The clinical personnel but not the study per-
sonnel were blinded regarding the results of the overt
adherence observations; nobody was blinded regarding
times and rooms of the adherence observations.

Setting

The study was conducted in the ICU of a German univer-
sity teaching hospital with 8 rooms of 2 beds each.

Wi-Fi dispenser

The ingo-man antiseptic dispensers (IMP ELS A/24WECO
without antenna, Ophardt Germany) contained alcohol-
based hand antiseptic solutions. The number and place-
ment of the hand antiseptic sanitizers were optimized.
There were two antiseptic dispensers in each room and
two more outside of each room relevant to the data
analysis. The hand antisepsis events were assigned to
the specific location and time and the number of patients
in each room assessed by the hospital information sys-
tem. The events were set in relation to the patient days.
Thus, the events of one specific hour were expressed as
values per patient. Each time a dispenser was operated
by pushing down the dispensing lever, a hand antisepsis
event was sent to a database via a WI-FI signal. The
amount of antiseptic dispensed was determined by the
depth to which the dispensing lever was pressed. If the
disinfectant lever was pressed several times within two
seconds, this was counted as one event with the sum of
the several individual doses of disinfectant.

Adherence observations

The adherence observations were based on the fiveWHO
hand disinfection indications [1], [16]. The indications
were observed during normal work routine and noted if
a hand antisepsis event (HAE) was performed accordingly
or not. Observations and documentation were carried out
by a highly trained health science student. Based on that
list adherence values were calculated [16], [17]. Ten
observation periods were conducted on weekdays from
6:30 a.m. to 9:00 a.m. (observation days). The hour from
7:00 a.m. to 8:00 a.m. served as period for the primary
endpoint.

Control groups

The observation periods alternated with at least one
weekday without observations (non-observation days),
which served as Control 1 (same rooms and different
days). The observations were limited to two rooms (obser-
vation rooms); the two adjacent rooms were used as
Control 2 during the observations (different rooms and
same days).

In addition, an hourly average value of hand antisepsis
events (HAEs) over all 10 observation periods was calcu-
lated for the observation group and for the control groups
(non-observation times or rooms), which should lead to
a graphical comparison.

Sample size calculation

Months before the study started, all of the conventional
sanitizers were uninstalled, and 45 WI-FI sanitizer dis-
pensers were installed in the intensive care unit. After a
6-month familiarization period, a one-hour adherence
observation from 7:00 a.m. to 8:00 a.m. was conducted.
This preliminary observation was used to do a sample
size calculation. The Student’s t-test was performed for
an independent sample and for a directed and one-sided
hypothesis. The case number calculation with an α (signi-
ficance) level of 0.05 and a power of 0.8 (β=0.2) resulted
in n=9 of adherence observation periods each of one
hour and the corresponding number of non-observation
periods.

Case planning and statistical analysis

The recordings from the adherence observations were
compared with those from Control 1 (days without obser-
vations) and Control 2 (adjacent rooms), respectively. A
Student’s t-test was performed primarily for the period
from 7:00 a.m. to 8:00 a.m., when nurses and physicians
experienced a high patient workload. Additionally, the
entire observation period from 6:30 a.m. to 9:00 a.m.
was analyzed. Ten of these observation periods were
planned over a five-week study period. The Student’s t-
test was performed for an independent sample and for
a directed and one-sided hypothesis.
The quantity of the Hawthorne effect was calculated by
the difference of WI-FI sanitizer dispenser data during
the adherence observations in comparison with the same
period on the non-observational days (Control 1).
The primary endpoint of this study was to assess, if ad-
herence observations led to an increase in the number
of hand antisepsis events from 7:00 a.m. to 8:00 a.m. A
secondary endpoint was, if the amount of sanitizer solu-
tion per event increased during the observations. Further
secondary endpoints were if an increase in adherence
was non-transient and if it could even be seen on days
or rooms without direct adherence observations.

Ethical considerations

The study was approved by the Ethics Committee of the
Hannover Medical School on February 20, 2024
(688493). No identifiable patient- or staff-related data
were collected, stored, or analyzed; all analyses were
based on aggregated hand antisepsis event data and
room-level occupancy information.
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Figure 1: Mean number of hand antisepsis events (HAE) per patient per hour
Mean hand antisepsis events (HAE) per patient per hour of study group and Control 1 A) in observation rooms on observation
days, B) in observation rooms on different days, C) Subtracting the HAEs of Control group 1 (non-observation days and observation
rooms) from the HAEs of the study group (observation days and observation rooms), which is the primary endpoint. The difference
is statistically significant p<0.01. The mean events are shown as gray columns during the non-observation period and highlighted
as green columns during the observation period from 6:30 to 9:00 a.m. The hour from 6:00 to 7:00 a.m. is divided into two

half-hour periods - 6:00 to 6:30 is a non-observation period and 6:30 to 7:00 is an observation period.

Results
Figure 1 shows that there is significant variation in the
use of hand sanitizer depending on the time of day.
Between 7:00 a.m. and 9:00 a.m., hands were sanitized
most frequently, four to five times per patient per hour.
In Figure 1A, before and after the observation period,
hands were sanitized at amean of 1.72 HAEs and a range
of 0.37 to 2.40 times per patient per hour, with a mini-
mum during the early morning hours. Based on these
data alone, it is not possible to determine whether the
increase in events during the observation period was due
to the observation itself or to a high workload at that time
of day.
Figure 1C shows the difference between Figure 1A and
Figure 1B and can be used to adjust for the bias in the
number of hand antisepsis events due to differences in
workload during the day. Positive green columns indicate
more events during the primary study period, while gray
columns indicate the average of the events during non-
observation periods. Throughout the entire observation
period from 6:30 to 9:00, between 0.44 and 2.38 more

events were observed. Immediately after the observation
period, however, negative values appeared, indicating
that the very recent adherence observations did not result
in a sustained increase. Throughout the non-observation
periods, the variation ranged from –0.73 to +0.68 HAEs.
During the primary observation period from 7:00 a.m. to
8:00 a.m., themean number of HAEs was 2.56, while the
mean for Control 1 (non-observation days) was 1.37. The
following results were obtained using Student’s t-test:
the t-value was 3.49, and the p-value <0.01. A statistically
highly significant result (p<0.01) was also obtained for
the entire adherence monitoring period from 6:30 a.m.
to 9:00 a.m.
Figure 2 shows that there also appears to be some effect,
albeit smaller, in the adjacent rooms during the adher-
ence observations. The mean value for Control-2 (non-
observational rooms) was 1.55 HAEs, the t-value was
1.52, the p-value was 0.07.
During the adherence observations, an average of 70%
of the WHO indications for hand disinfection were fol-
lowed, with an average of 3.9 hand antisepsis events per
patient per hour. The average number of events per pa-
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Figure 2: Mean number of hand antisepsis events (HAE) per patient per hour
Mean hand antisepsis events (HAE) per patient per hour of Control 2 A) on observation days in non-observation rooms, B) on

non-observation days in non-observation rooms. C) Subtracting the HAEs of Control group 2 on non-observation days
(non-observation days and non-observation rooms) from the HAEs of Control group 2 on observation days (observation days and
non-observation rooms), which is not statistically significant (n.s.). The mean events are shown as gray columns during the

non-observation period and highlighted as purple columns during the observation period from 6:30 to 9:00 a.m. The hour from
6:00 to 7:00 a.m. is divided into two half-hour periods - 6:00 to 6:30 is a non-observation period and 6:30 to 7:00 is an observation

period.

tient per hour in Control 1 (non-observational days) was
2.6, which represents a 24% reduction in events. The
average number of events per patient per hour in Control
2 (non-observational rooms) was 3.1, which equates to
a 16% reduction in events. To adjust the observed adher-
ence rate of 70% to account for the positive influence of
the observation, the observed value must be reduced by
24% (+4%), resulting in a theoretical, uninfluenced adher-
ence rate of approximately 53%.
Figure 3 illustrates the amount of hand disinfectant
solution used per hand antisepsis event (HAE) on obser-
vation days (Figure 3A), in the same rooms on non-obser-
vation days (Figure 3B), and the difference between the
two (Figure 3C). On observation days, during non-obser-
vation times (9:00 a.m. to 6:30 a.m.), the consumption
varied from1.82mL to 4.03mL, with the lowest consump-
tion occurring in the early morning hours. During observa-
tion times (6:30 a.m. to 9:00 a.m.), consumption ranged
from 2.50 to 3.31 mL, with a mean of 2.91 mL and a
standard deviation of .05 mL.
In Figure 3B, the mean volume during the observation
period for Control 1 (same rooms, different days) was
2.81 mL, and the volumes appear quite similar to those

in Figure 3A. This is also confirmed by the difference
between the study group and Control Group 1 (see Figure
3C). The hourly differences during the non-observation
periods ranged from –1.23 mL to +1.75 mL, and during
the observation period, hourly differences ranged from
–0.23 mL to +0.45 mL. The Student’s t-test yielded a t-
value of 0.59 and a p-value of 0.28.
The mean value for Control Group 2 (different rooms
during the adherence observations), whose results are
not shown in the graph, was 2.63 mL. Control Group 2
also showed no significant difference from the study
group. The t-value was 1.43, the p-value was 0.08.

Discussion
The study had two objectives. First, it aimed to determine
if the Hawthorne effect could bemeasured and quantified
usingWi-Fi-enabled hand sanitizer dispensers to establish
the true hand sanitization adherence rate. The second
objective was to determine if adherence monitoring as
part of a multimodal approach is suitable for further im-
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Figure 3: Mean volume of sanitizer per hand antisepsis event
Mean volume of sanitizer per hand antisepsis event (HAE) A) in observation rooms on observation days, B) in observation rooms
on different days, C) subtracting the volume of Control group 1 (non-observation days and observation rooms) from the volume
of the study group (observation days and observation rooms). The difference is not statistically significant (n.s.). Themean volumes
are shown as black columns during the non-observation period and highlighted as yellow columns during the observation period
from 6:30 to 9:00 a.m. The hour from 6:00 to 7:00 a.m. is divided into two half-hour periods - 6:00 to 6:30 is a non-observation

period and 6:30 to 7:00 is an observation period.

proving adherence in a hospital with an established hand
antisepsis program.
In preparation for the study, WI-FI hand sanitizer dis-
pensers were installed in optimal locations in the ICU
several months in advance. Reminders about hand san-
itization were posted, the training program was intensi-
fied, and staff received feedback on their sanitization
practices. The planned study had to contend with various
influencing factors. For example, the number of hand
antisepsis events (HAEs) could only be based on a
standard patient. In reality, however, patient workloads
and indications for hand sanitization varied widely due
to different diseases. In addition, hand sanitizer consump-
tion fluctuated over the course of a 24-hour day, depend-
ing on the organization or staffing of the shift. These
fluctuations are likely explained by the cyclical workflow
and the acute, often unpredictable nature of medical and
nursing activities.
However, the results of the study showed that only ten
observation periods of one hour (or two and a half hours)

within five weeks were sufficient to obtain a statistically
significant result. Compared to other methods, this ap-
proach is the simplest, fastest, and least labor-intensive
way to determine the Hawthorne effect [10], [18], [19],
[20].
In this study during the observation periods, an average
adherence of 70%was observed.With a Hawthorne effect
of about –24%, the true unobserved adherence is only
53%. The magnitude of the Hawthorne effect, however,
depends on several factors. One is the level of actual
unobserved adherence, whether a larger effect is mea-
sured at lower or higher levels of unobserved adherence
is under discussion [9], [10], [18], [19], [20], [21].
Moreover, as the authority of the participant plays a role
in the amplitude of the Hawthorne effect, which is de-
scribed in previous studies [19], it is shown here that the
authority of the observer plays a role too. While adherence
observations performed by a trained student in this study
showed an adherence of 70%, measurements by a well-
known hygiene specialist in our ICU over the years have
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consistently shown adherence values between 80% and
85%, which means a Hawthorne effect with the same
team at the same location can be not only -24% but even
more. It is therefore useful to determine the specific
Hawthorne effect for individual work areas and conditions.
The Hawthorne effect is not known to be at work long
before announced adherence observations begin or after
they end [7], [12], [13], [18], [22]. The study presented
here can define the time course of the Hawthorne effect
without any ambiguous description of transitional periods.
There is no transition period as suggested in some pub-
lications [12], [18]. Immediately following the adherence
monitoring, the initial level is exactly reached again. There
is no improvement through adherence monitoring and
no “learning” effect as suggested in some publications
[9], [12].
Intervention methods to increase the adherence are
manifold. Most approaches involvemeasurement of hand
sanitizer use, adherence monitoring, education and
feedback [23], [24], [25], [26], [27], [28], [29], [30], [31].
However, the results presented here show that, under
the conditions of a long-standing multimodal approach,
even when educational support and feedback are further
strengthened, professional adherence observations do
not increase hand antisepsis. TheHawthorne effect shows
that employees knew exactly how to improve their adher-
ence and did exactly that when their actions were ob-
served and documented. If they were not observed, they
refrained from those very activities. Even when hand hy-
giene guidelines are known, they are not necessarily fol-
lowed. Training is unlikely to help here if the knowledge
is already available and is simply not being applied. The
immediate drop in adherence back to baseline levels
after the observation period indicates in addition that
monitoring itself did not result in a learning effect.
The findings of this study highlight a critical limitation of
current hand antisepsis improvement strategies. Despite
years of implementation, traditional interventions do not
appear to increase adherence to a sufficient extent. In-
stead, they may contribute to inflated adherence figures
that overestimate actual practice and provide a mislead-
ing basis for quality reporting. This result confirms the
conclusion of a study by Zwicker et al. [5]. The authors
therefore consider short-term interventions, such as ad-
herence monitoring, to be generally unsuitable for
achieving a lasting effect and advocate for continuous
monitoring with feedback. It is hoped that new technolo-
gies using visual or auditory cues or feedback can deliver
this and will improve adherence in the future. However,
there is currently no convincing data on the long-term
benefits or effects on infection rates. With camera-as-
sisted or sensor-assisted observation and real-time locat-
ing systems, adherence information could be tailored
more precisely to the individual. However, issues such
as privacy and data protection still need to be addressed
[4], [32].
It could be considered good news that the amount of
disinfectant used per hand antisepsis event (HAE) was
not subject to the Hawthorne effect, or at least signifi-

cantly less so. In any case, the amounts used were in line
with the 3 ml recommended by the World Health Organ-
ization. Getting used to press the sanitizer dispenser
about two or three times per event, which takes no more
than one second total, obviously means no additional
workload for staff working under time pressure. Once you
have figured out how to get the right amount it can be
done almost unconsciously.

Limitations
The extent to which our results are generalizable is un-
known, because the study was limited to the ICU of a
single hospital and the adherence observations only to
a short period of 6 weeks in the morning shift. Results
cannot be transferred between different work shifts [31].
The analyses did not differentiate between different dis-
eases or the infectious status of the patients. Differenti-
ated studies would provide additional insights.
Hand sanitizer is also used by visitors who mainly come
to the ward in the afternoon. However, our adherence
observations and hand sanitizer consumption figures
were only statistically evaluated in the period from 6:30
a.m. to 9:00 a.m.
The results presented here cast doubt on the success of
educational interventions, but this does not necessarily
apply to particularly good individual educational concepts.
Further studies using the method presented here are
conceivable and could be used for comparative evaluation
of educational interventions.

Conclusions
By combining Wi-Fi-enabled hand sanitizer dispensers
with direct adherence observations, this study was able
to quantify the Hawthorne effect in hand hygiene beha-
viour and to determine its onset, duration, andmagnitude.
Observed adherence clearly exceeded unobserved routine
behaviour, revealing actual hand hygiene adherence rates
that must be considered clinically unacceptable.
The findings further show that, in a hospital with a long-
standing institutional focus on infection prevention, a
multimodal hand hygiene strategy—including optimally
placed dispensers, staff training, reminder posters, ad-
herence observations, and feedback—did not achieve a
further sustained increase in adherence. Conventional
adherence-enhancing measures therefore appear insuf-
ficient to close the gap between observed and actual
hand hygiene behaviour. New strategies are urgently
needed to improve hand hygiene adherence reliably and
sustainably.
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