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Abstract

Hand hygiene among professionals plays a crucial role in preventing healthcare-associated infections, yet poor compliance
in hospital settings remains a lasting reason for concern. Nudge theory is an innovative approach to behavioral change first
developed in economics and cognitive psychology, and recently spread and discussed in clinical medicine. To assess a
combined nudge intervention (localized dispensers, visual reminders, and gain-framed posters) to promote hand hygiene
compliance among hospital personnel. A quasi-experimental study including a pre-intervention phase and a post-intervention
phase (9+ 9 consecutive months) with 117 professionals overall from three wards in a 350-bed general city hospital. Hand
hygiene compliance was measured using direct observations by trained personnel and measurement of alcohol-based hand-
rub consumption. Levels of hand hygiene compliance were low in the pre-intervention phase: 11.44% of hand hygiene
opportunities prescribed were fulfilled overall. We observed a statistically significant effect of the nudge intervention with
an increase to 18.71% (p <0.001) in the post-intervention phase. Improvement was observed in all experimental settings
(the three hospital wards). A statistical comparison across three subsequent periods of the post-intervention phase revealed
no significant decay of the effect. An assessment of the collected data on alcohol-based hand-rub consumption indirectly
confirms the main result in all experimental settings. Behavioral outcomes concerning hand hygiene in the hospital are
indeed affected by contextual, nudging factors to a significant extent. If properly devised, nudging measures can provide a
sustainable contribution to increase hand hygiene compliance in a hospital setting.
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Hand hygiene among healthcare professionals plays a crucial
role in preventing healthcare-associated infections, a leading
cause of mortality worldwide. According to the European
Centre for disease prevention and control, 6% of patients
contracts an infection during their hospital stay in the EU,
with figures ranging from 2.3 to 10.8%, and 3.2 million
patients are affected by nosocomial infections every year,
which are fatal for 37 thousand patients [1].

Randomised studies on the topic are scarce, but the link
between hand hygiene (HH) and nosocomial infections is
well supported by the evidence [2—4] and healthcare pro-
fessionals are generally aware of it. Still, data indicate that
overall only a minority of hospital staff complies with good
practice. For instance, a systematic analysis of 96 empiri-
cal studies has shown that median HH compliance rate in
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hospital settings is no more than 40% [5], with some studies
reporting compliance under 20% [6] or even under 10% [7].
Also, a concerning degree of variation exists. For instance,
hand hygiene compliance is lower in the ICUs (30-40%) as
compared to other departments. It is lower among physicians
(32%) as compared to nurses (48%), and before (21%) rather
than after (47%) touching a patient.

From a traditional point of view on human reasoning and
behavior, poor hand hygiene compliance in the hospital is a
conundrum [8]. Acting rationally and consequentially from
their informed beliefs, well-intentioned healthcare profes-
sionals—*“good” doctors, and nurses [9]—should just act
accordingly and regularly sanitise their hands. Why don’t
they?

An innovative approach to such issues arises from the
fields of behavioral economics and experimental psychology.
According to nudge theory, “supposedly irrelevant factors”
in the decision context can have a substantial impact on peo-
ple’s behavior, which is based on routine heuristic processes
rather than careful calculation of consequences [10-12].
Nudges are deliberate and small changes in the environ-
ment which exploit such heuristic and automatic processes
to promote beneficial outcomes in human decision-making.
Interventions of this kind are distinct and complementary
to more traditional tools (such as training or incentives),
and have brought encouraging results in several domains of
healthcare [13-15].

In what follows, we report results from a study assess-
ing nudging as an approach to improve hand hygiene in the
hospital.

Methods
Setting, participants, and design

The aim of the study was to evaluate the efficacy of a nudge
intervention to improve hand hygiene [HH] compliance
rates among healthcare professionals in hospital settings.
The study was conducted at San Giovanni Bosco (SGB), a
350-bed general hospital in Turin, Italy, before the global
SARS-CoV-2 outbreak (between January 2018 and July
2019). Three wards of this hospital were involved (all per-
sonnel for each): a Sub-Intensive Care Unit with 13 beds
[SCU]J; an Internal Medicine Unit with 28 beds [IMU]; and
a General Surgery Unit with 30 beds [GSU].

A total of 117 professionals took part in the study, 42 in
SCU (8 physicians, 19 nurses, 15 healthcare workers), 27 in
IMU (2 physicians, 15 nurses, 10 healthcare workers), and
48 in GSU (18 physicians, 22 nurses, 8 healthcare workers)
(Table 1). Participants were informed that their de-identified
data would be used for research, and the study was approved
by the management office and the infection control center
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Table 1 Description of the study population

Sub-intensive Internal General Total
% (N) medicine % (N) surgery % (V)
Physicians 19 (8) 7Q2) 37 (18) (28)
Nurses 45 (19) 56 (15) 46 (22) (56)
Healthcare 36 (15) 37 (10) 17 (8) (33)
workers
Total 42) 27) (48)

of the hospital. (For the nature of the study—not involving
manipulation of information or human biological material—
no further approval was required).

The study used a quasi-experimental design including two
phases: a pre-intervention phase (from 15th January 2018 to
15th October 2018) and a post-intervention phase (from 16th
October 2018 to 15th July 2019). During the pre-interven-
tion phase, baseline measurements of HH compliance rates
among healthcare professionals were collected. No nudge
intervention was performed at this stage. At the beginning
of the post-intervention phase, intervention activities were
performed, and observations continued during the whole
time-window.

Intervention

At the beginning of the study (base-line, no intervention),
sanitizer dispensers were mounted on the wall close to each
room entrance of the three wards. Instruction charts depict-
ing steps of correct handwashing procedures were placed in
close proximity to each washstand and dispenser.

Our nudge intervention had three components. First, at
the beginning of the intervention period, we placed addi-
tional antiseptic sanitizer dispensers at the foot of each
patient’s bed. The dispensers were attached to the bed foot-
board by means of plastic supports. It has been observed
that the placement of the dispensers at the bedside of every
patient, where professionals spend much of their working
time, has a significant role in improving HH compliance [16]
for human agents perform more easily procedural steps that
are not functionally isolated from the main course of action
(like going back to the room entrance to wash one’s hands
while interacting with a patient).

Second, we placed brightly colored visual remind-
ers on the footboard of each patient’s bed in close prox-
imity to the additional dispensers. The use of visual cues
located right above the dispensers has been associated with
increased compliance [17], probably because the cognitive
efficacy of memory aids and reminders is maximum when
in close proximity to where the action has to be performed.
In our study, reminders were grey and bright yellow sticks
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depicting stylized hands and reporting the slogan “Wash
your hands!” (Fig. 1).

Finally, we hung permanent posters promoting hand
hygiene in easily visible places within the three wards. The
posters were located in areas exclusively used by health-
care professionals, such as the Infirmary. A gain-framed
message focusing on the benefits of HH compliance (“40%
more handwashing, 40% less infections”) was displayed in
the poster (Fig. 2). It has been shown that poster campaigns
with messages focusing on the advantages of HH rather than
the risks of noncompliance are particularly effective among
professionals [18], for messages that are framed to empha-
sise gains appear to be more persuasive in encouraging pre-
vention behaviour than loss-framed appeals [19].

No further intervention was adopted in the study.

Measurement

HH compliance was measured using direct observations by
trained personnel and measurement of alcohol-based hand-
rub consumption.

Direct observation is regularly used and is currently
considered the gold standard for monitoring HH compli-
ance in a hospital setting [20]. The main advantage of this

Fig. 1 Additional dispenser at the foot of patient’s bed and visual
reminder

INFEZIONI

Fig.2 Poster promoting hand hygiene

method is that it provides detailed information about who
is performing handwashing and at what moment. In our
study, each observation period lasted 20 min (+10). All
personnel working in the three wards were observed and
the type of professional (physicians, nurses, or healthcare
worker) was recorded. Compliance during each of the five
moments for HH [21] was checked:

Moment 1: before touching a patient

Moment 2: before clean/aseptic procedures
Moment 3: after body fluid exposure/risk

Moment 4: after touching a patient

Moment 5: after touching the patient surroundings

Failure to wash hands during any of these moments
was coded as noncompliance. The compliance rate was
then quantified by calculating the sum of actual handwash-
ing moments divided by the sum of all prescribed hand-
washing moments, or HH opportunities (e.g., compliance
2/5x100=40%). Healthcare professionals at the SBG
Hospital are used to be observed for training or research,
countering the risk of the Hawthorne effect [22]. Further-
more, observations went on regularly through both the
pre-intervention and post-intervention phases. Therefore,
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hypothetical confounds due to observation biases must
have been balanced across experimental conditions.

Compliance was also measured by calculating the amount
of hydroalcoholic solution consumed by the three wards dur-
ing the two phases of the experiment. This is an indirect
measure that provides less detailed information about HH
procedures as compared to direct observation, but it is very
efficient and virtually immune to observation bias. Methods
based on alcohol-based handrub consumption are standardly
used to quantity HH compliance in the hospital [20]. In our
study, consumption was calculated by dividing the total
amount of solution (measured in millilitres) delivered to
each ward from the hospital central pharmacy by the number
of patients’ hospitalization days [ml / patient days].

Statistical analysis

Statistical analyses were performed using STATA 13 Soft-
ware (Stata Corp., College Station, TX, 2011). A descrip-
tive analysis was performed for all the categorical variables,
expressed in frequencies and percentages. Chi-squared tests
and Fisher’s Exact Tests were computed for all independent
variables to assess differences between groups concerning
handwashing. Potential predictors of handwashing (dichoto-
mous outcome: yes/no) were assessed through a multivariate
analysis. A model of logistic regression for handwashing
was developed with gender, ward, professional role, and
study intervention as independent variables. For all analyses,
results were considered statistically significant when the p
value obtained with the hypothesis tests was lower than 0.05.

Results

As far as the direct observation method is concerned, a
total of 2563 HH opportunities were observed, 1756 dur-
ing the pre-intervention phase (508 in SCU, 591 in IMU,
657 in GSU), and 807 in the post-intervention phase (191
in SCU, 256 in IMU, 360 in GSU). In general, we observed
that overall compliance across hospital professionals was
poor, close to the lower ends of the distribution of compli-
ance levels observed in previous studies (reporting a range
4-100%) [5]. In addition, we observed significant differences
in the level of compliance among the three wards included
in the study. Over the whole observation period, the high-
est level of compliance was measured in SCU (26.18%),
with significantly lower levels in IMU (9.24%) and GSU
(8.86%). Nurses among all three wards were generally more
compliant (15.83%) as compared to both healthcare workers
(12.15%) and physicians (11.3%) (Table 2).

We observed a statistically significant effect of the
nudge intervention on HH compliance. In general, com-
pliance enhanced from 11.45% in the pre-intervention
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Table 2 Description of the stratified sample for handwashing

Hand washing P value
Yes % (N) No % (N)
Ward
Sub-intensive 26.18 (183) 73.82 (516) <0.001
Internal medicine 8.85 (75) 91.15 (772)
General surgery 9.24 (94) 90.76 (923)
Professional role
Physician 11.30 (85) 88.70 (667) 0.024
Nurse 15.83 (202) 84.17 (1074)
Healthcare worker 12.15 (65) 87.85 (470)
Study intervention
Pre-intervention 11.45 (201) 88.55 (1555) <0.001
Post-intervention 18.71 (151) 81.29 (656)

phase to 18.71% (p < 0.001) in the post-intervention phase
(Table 2). Improvement was observed in all experimental
settings. In SCU, the handwashing opportunities actually
taken among all categories of professionals increased from
23.62 to 32.98% (p=0.009), respectively, from pre- to
post-intervention. In IMU, the handwashing opportuni-
ties actually taken among all categories of professionals
increased from 5.41 to 16.80% (p < 0.001). In GSU, the
handwashing opportunities actually taken among all cat-
egories of professionals increased from 7.46 to 12.50%
(p=0.006). Interestingly, improvement in compliance was
greater in the phases following the interaction with the
patient (moments 3, 4, and 5), with an increase from 10.92
to 20.29% (p <0.001), as compared to the phases preced-
ing the interaction with the patient (moments 1 and 2),
with an increase from 12.3 to 16.21% (p =0.073). Among
all five moments for HH, the greatest improvements
were observed during moment 4 (from 12.76 to 24.32%,
p<0.001) and moment 5 (from 8.09 to 17.11%, p=0.007).
A statistical comparison of HH compliance across three
subsequent periods of the post-intervention phase (months
1-3 vs. 4-6 vs. 7-9) revealed no significant difference.

The following factors were significant predictors of
handwashing in the multivariate analysis: ward (for IMU
vs. SCU, OR=0.25, 95%CI1 0.19-0.34, p < 0.001; for GSU
vs. SCU, OR=0.27, 95%CI 0.20-0.35, p <0.001); pro-
fessional role (for nurse vs. physician, OR =1.63, 95%CI
1.20-2.21, p=0.002); and study intervention (for pre- vs.
post, OR=1.98, 95%CI11.56-2.51, p <0.001) (Table 3).

An assessment of the collected data on alcohol-based
hand-rub consumption indirectly confirms the improve-
ment of HH compliance after intervention in all experi-
mental settings. Consumption increases from 35.2 to
36.4 ml/patient days in SCU, from 7.8 to 10.6 ml/patient
days in IMU, and from 14.8 to 19.4 ml/patient days in
GSU.
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Table 3 Potential predictors of handwashing

Handwashing
OR (95% CI) p value
Gender
Male 1 -
Female 0.81 (0.62-1.06) 0.133
Ward
Sub-intensive 1 -
Internal medicine 0.25 (0.19-0.34) <0.001
General surgery 0.27 (0.20-0.35) <0.001
Professional role
Physician 1 -
Nurse 1.63 (1.20-2.21) 0.002
Healthcare worker 1.38 (0.96-1.98) 0.081
Study intervention
Pre-intervention 1 -
Post-intervention 1.98 (1.56-2.51) <0.001

Discussion

Several studies have reported potential benefits of diverse
strategies to improve HH compliance [23]. Yet, most of
these studies have relied mainly on traditional tools, used
either in isolation or in combination, such as education and
training [24, 25], audit and feedback [26, 27], incentives
[28], or the introduction of new devices [29]. Such inter-
ventions reflect a standard conception of human rationality
[8, 12], according to which behavioral change requires pro-
viding new information that alter beliefs (e.g., by educa-
tion or training), modifying the relevant incentives (reward
and penalties), assisting planning or removing potential
disturbing factors (e.g., stress or fatigue) by means of
some technological amelioration. Although often effec-
tive, traditional interventions are typically costly and com-
paratively difficult to implement. Only few studies have
assessed the efficacy of milder interventions based on spe-
cific behavioral insights to promote good HH practice [30,
31]. In this work, we have addressed HH compliance by
healthcare professionals in the hospital using a combined
nudge intervention (localized dispensers, visual remind-
ers, and gain-framed posters). Overall, HH compliance
remained low in in our study, but the increase achieved
was 63% in relative terms, thus confirming the key tenet
of nudge theory: behavioral outcomes concerning HH in
the hospital are indeed affected by contextual, “supposedly
irrelevant” factors to a significant extent. Validation of
this approach can be extended beyond the specific nature
of our intervention. For example, behavioral insights, if
properly developed, might help us exploit so-called avail-
ability heuristic and look at the “availability cascade”
[32, 33] generated by the SARS-CoV-2 pandemic as an

opportunity to sustain more stringent HH protocols even
after the emergency has hopefully gone.

In several respects, the remarkable variability of HH fig-
ures was well represented in our data. Differences among
the three wards involved is partly explained by differences
in physical arrangement, location of patients (open space
vs. separate rooms), and personnel/patients ratios. A higher
level of compliance among nurses than among physicians
was confirmed. The pattern of HH compliance before vs.
after interaction with the patient also deserves comment.
Notably, we did not observe the base-line imbalance in
favour of HH after interaction that usually prevails. Still, the
increase in compliance was greater after rather than before
interaction with the patient. In fact, the practical similar-
ity of pre- vs. post-interaction HH should not obscure the
possibility of their different psychological representation
and behavioural determinants. Lack of hand hygiene before
clinical interaction is particularly detrimental for patients’
protection, while protection of the individual professional
is more strongly associated with HH after interaction. As a
consequence, more tailored measures may be to target each
kind of behavior more effectively.

Methodologically, a limitation of our study is that it
does not assess the efficacy of the implemented strategies
in improving “harder" outcomes such as infection rates and
colonization rates. Another limitation is that the design did
not allow us to disentangle the contribution of each distinct
element of our intervention (dispensers vs. visual remind-
ers vs. gain-framed posters). This is an important issue, as
already emphasized in the literature [23]. The effect detected
in our work must be taken as a basis for further inquiry if a
more fine-grained assessment is sought for in this respect.

For nudges that are shown to be effective, a non-trivial
challenge has to do with long-terms prospects. In fact, a
successful behavioral intervention may fail to become use-
ful in practice for at least two reasons, namely, (i) a decay
after the intervention is discontinued, and (ii) a decrease
of the impact while the intervention is still in force. In this
perspective, two tentatively positive remarks emerge from
our work. First, measures that proved useful in our study
also feature a good level of sustainability over time—they
are consistent, in particular, with a long-term arrangement to
be realistically implemented under the guidance of an infec-
tion control unit in many hospital settings. And second, the
observed increase in HH compliance remained essentially
stable over the whole 9-month period of intervention.

Conclusion
In ordinary circumstances—like those in which our study

has taken place, before the global SARS-CoV-2 outbreak—
getting healthcare professionals to wash their hands regularly
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and appropriately is hard. Surprisingly hard, one could say,
for most hospital personnel are generally informed and con-
cerned about infection control and prevention. Apparently,
even in convenient conditions of information and incentives,
people may still fail to pursue beneficial actions, because
choices do not usually arise as the logical consequences of
stable preferences and beliefs. As shown by contemporary
cognitive science, behavior is largely driven by heuristic
processes, instead, which can be systematically biased and
highly context-sensitive [34]. This is not necessarily bad
news, though. Insights into the quirks and limitations of
human rationality can help us improve decision outcomes
by the design of suitable nudges, non-coercive and typically
small changes of the choice context that exploits inherent
tendencies of agents in order to promote desirable outcomes.
Our results indicate that nudging can contribute to increase
hand hygiene compliance in a hospital setting. Nudges are
not meant to displace more traditional tools to promote
beneficial behavior (training, regulations), but to combine
with them. As a decision environment entirely free from
nudging factors can hardly ever exist in healthcare (e.g.,
sanitizer dispensers have to be located somewhere), explicit
and careful consideration of how such factors can eventually
affect clinical outcomes is a cost-effective opportunity for
improvement.

Acknowledgements Not applicable.

Author contributions FE, FC, PB, RGV, AFM, ADO, AD, LB, FB,
VC, and FA contributed to the conception and design of the experi-
ment. FE, PB, RGV, AM, ADO, AD, and LB collected the data. FE,
FC, ADO, FB, VC, and FA contributed to the analysis and interpreta-
tion of the data. FE, FC, MF, FB and VC drafted the article. FE, ADA,
VC, and FA revised the article for important content.

Funding None.

Declarations

Conflict of interest The authors have no conflicts of interest to report.

Ethics approval and consent to participate Participants of this study
were informed that their de-identified data would be used for research,
and the study was approved by the management office and the infec-
tion control center of the hospital. (For the nature of the study—not
involving manipulation of information or human biological material—
no further approval was required).

Consent to publication Not applicable.

References

1. European Centre for Disease Prevention and Control (ECDC)
(2014) Annual report of the European Antimicrobial Resistance
Surveillance Network (EARS-Net). ECDC, Stockholm

@ Springer

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

Pittet D, Hugonnet S, Harbarth S, Mourouga P, Sauvan V, Tou-
veneau S, Perneger TV (2000) Effectiveness of a hospital-wide
programme to improve compliance with hand hygiene. Infect
Control Programme Lancet 356(9238):1307-1312

Kirkland KB, Homa KA, Lasky RA, Ptak JA, Taylor EA,
Splaine ME (2012) Impact of a hospital-wide hand hygiene
initiative on healthcare-associated infections: results of an inter-
rupted time series. BMJ Qual Saf 1(12):1019-1026
Marimuthu K, Pittet D, Harbarth S (2014) The effect of
improved hand hygiene on nosocomial MRSA control. Antimi-
crob Resist Infect Control 3:34

Erasmus V, Daha TJ, Brug H, Richardus JH, Behrendt MD, Vos
MC et al (2010) Systematic review of studies on compliance
with hand hygiene guidelines in hospital care. Infect Control
Hosp Epidemiol 31:283-294

Pan A, Mondello P, Posfay-Barbe K et al (2007) Hand hygiene
and glove use behavior in an Italian hospital. Infect Control
Hosp Epidemiol 28(9):1099-1102

Sladek RM, Bond MJ, Phillips PA (2008) Why don’t doctors
wash their hands? A correlational study of thinking styles and
hand hygiene. Am J Infect Control 36(6):399-406

Crupi V, Elia F (2017) Understanding and improving decisions
in clinical medicine (I): reasoning, heuristics, and error. Intern
Emerg Med 12:689-691

Redelmeier DA, Shafir E (2015) Why even good physicians do
not wash their hands. BMJ Qual Saf 24(12):744-747

Thaler RH, Sunstein CR (2008) Nudge: improving decisions
about health, wealth, and happiness. Yale University Press, New
Haven

Thaler RH, Sunstein CR, Balz JP (2015) Choice architecture.
In: Shafir E (ed) The behavioral foundations of public policy.
Princeton University Press, New Jersey, pp 428—439

Crupi V, Calzavarini F, Elia F, Apra F (2018) Understanding
and improving decisions in clinical medicine (IV): prospects
and challenges of nudging in healthcare. Intern Emerg Med
13:791-793

Redelmeier DA, Katz J, Kahneman D (2003) Memories of colo-
noscopy: a randomized trial. Pain 104:187-194

Bourdeaux CP, Thomas MJ, Gould TH et al (2016) Increasing
compliance with low tidal volume ventilation in the ICU with
two nudge-based interventions: evaluation through intervention
time-series analyses. BMJ Open 6(5):e010129

Meeker D et al (2014) Nudging guideline-concordant antibi-
otic prescribing: a randomized clinical trial. JAMA Intern Med
174:425-431

. Picheansathian W, Pearson A, Suchaxaya P (2008) The effective-

ness of a promotion programme on hand hygiene compliance and
nosocomial infections in a neonatal intensive care unit. Int J Nurs
Pract 14:315-321

Nevo I, Fitzpatrick M, Thomas RE, Gluck PA, Lenchus JD,
Arheart KL et al (2010) The efficacy of visual cues to improve
hand hygiene compliance. Simul Healthc 5:325-331

Helder OK et al (2012) Computer screen saver hand hygiene infor-
mation curbs a negative trend in hand hygiene behavior. Am J
Infect Control 40:951-954

Rothman AJ, Martino SC, Bedell BT, Detweiler JB, Salovey P
(1999) The systematic influence of gain- and loss-framed mes-
sages on interest in and use of different types of health behavior.
Personal Soc Psychol Bull 25:1355-1369

Tejada JC, Bearman C (2015) Hand hygiene compliance monitor-
ing: the state of the art. Curr Infect Dis Rep 17:16

WHO (2009) WHO guidelines on hand Hygiene in health care.
World Health Organizations, Geneva

Purssel E, Drey N, Chudleigh J, Ceedon S, Gould DJ (2020) The
Hawthorne effect on adherence to hand hygiene in patient care. J
Hosp Infect 106:311-317



Internal and Emergency Medicine (2022) 17:1899-1905

1905

23.

24.

25.

26.

217.

28.

Gould DJ, Moralejo D, Drey N, Chudleigh JH, Taljaard M (2017)
Interventions to improve hand hygiene compliance in patient care.
Cochrane Database of Syst Rev 9(9):CD005186

Huang J, Jiang D, Wang X, Liu Y, Fennie K, Burgess J et al (2002)
Changing knowledge, behavior and practice related to universal
precautions among hospital nurses in China. J Contin Educ Nurs
33(5):217-224

Higgins A, Hannan MM (2013) Improved hand hygiene technique
and compliance in healthcare workers using gaming technology. J
Hosp Infect 84(1):32-37

Moghnieh R, Soboh R, Abdallah D, El-Helou M, Al Hassan S,
Ajjour L et al (2017) Health care workers’ compliance to the my 5
moments for hand hygiene: comparison of 2 interventional meth-
ods. Am J Infect Control 45(1):89-91

Stewardson AJ, Sax H, Gayet-Ageron A, Touveneau S, Longtin Y,
Zingg W et al (2016) Enhanced performance feedback and patient
participation to improve hand hygiene compliance of healthcare
workers in the setting of established multimodal promotion: a
single-centre, cluster randomised controlled trial. Lancet Infect
Dis 16(12):1345-1355

Talbot T, R., Johnson, J.G., Fergus, C., Domenico, J.H., SchaCner,
W., Daniels, T.L., et al (2013) Sustained improvement in hand
hygiene adherence: utilizing shared accountability and financial
incentives. Infect Control Hosp Epidemiol 34(11):1129-1136

29.

30.

31.

32.

33.

34.

Fisher DA, Seetoh T, Oh May-Lin H, Viswanathan S, Toh Y, Yin
WC et al (2013) Automated measures of hand hygiene compli-
ance among healthcare workers using ultrasound: validation and
a randomized controlled trial. Infect Control Hosp Epidemiol
34(9):919-928

Diegel-Vacek L, Ryan C (2011) Promoting hand hygiene with a
lighting prompt. HERD 10(1):65-75

Grant AM, Hofmann DA (2011) It’s not all about me: motivat-
ing hand hygiene among health care professionals by focusing on
patients. Psychol Sci 22(12):1494-1499

Kuran T, Sunstein C (2000) Controlling availability cascades. In:
Sunstein C (ed) Behavioral law and economics. Cambridge Uni-
versity Press, Cambridge, pp 374-397

Schmidt HG, Mamede S, van den Berge K, van Gog T, van Saase
JL, Rikers RM (2014) Exposure to media information about a
disease can cause doctors to misdiagnose similar-looking clinical
cases. Acad Med 89:285-291

Kahneman D (2012) Thinking, fast and slow. Farrar, Straus, and
Giroux, New York

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	A nudge intervention to improve hand hygiene compliance in the hospital
	Abstract
	Background
	Methods
	Setting, participants, and design
	Intervention
	Measurement
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




