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Background: Hand hygiene (HH) plays an important role in infection prevention but is
often suboptimal.
Aim: To test the potential of goal setting and performance feedback in improving HH.
Methods: A prospective controlled intervention study was conducted at a German hos-
pital. The study involved four phases: habituation to novel count dispensers and observers
(T0), baseline (T1), intervention (T2) and postintervention (T3). Four non-intensive-care
units were assigned to one of four conditions: goal setting, performance feedback, both
goal setting and performance feedback, or none (control). During all phases, dispenser
usage was electronically recorded 24/7. In addition, randomly sampled direct observation
was conducted by trained external observers during each phase. The main outcome
measure was the daily average of electronically counted hand hygiene events (HHEs) per
patient room.
Findings: In the feedback condition, a marginally significant increase in HHEs was found
from T1 to T2 (MT1 ¼ 7.3, MT2 ¼ 10.3, MT3 ¼ 8.2). In the goal-setting condition, HHEs
increased only descriptively from T1 to T2 (MT1 ¼ 6.8, MT2 ¼ 8.7, MT3 ¼ 7.8). In the
combined condition, HHEs increased significantly from T1 to T2, and were still significantly
elevated at T3 (MT1 ¼ 7.9, MT2 ¼ 17.0, MT3¼ 12.9). Over all wards and study phases, count
dispenser usage frequency was highly correlated with HH compliance (r ¼ 0.766,
P<0.001).
Conclusion: This study suggests that combining goal setting and feedback is a useful
approach for improving HH.
ª 2019 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
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ociety. Published by Elsevier
Introduction

It is well established that hand hygiene (HH) is one of the key
measures to prevent transmission of infectious agents, and to
reduce healthcare-associated infections [1]. To increase
health care workers’ (HCWs) hand hygiene compliance (HHC),
diverse intervention strategies were developed and broadly
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implemented with positive results [1,2]. Despite these and
other efforts, HH is still suboptimal with mean HHC rates after
interventions of 57.0% as shown by a recent analysis of eight
clinical trials published after 2010 [3]. Thus, there is a need
for new strategies which extend and complement existing
improvement programmes. Of particular interest are pro-
grammes that use behavioural approaches [4].

Feedback on performance and knowledge of results is well-
accepted in the behavioural sciences as a means of guiding
behaviour [5]. These factors are also integrated into most HH
programmes [3,6] and recommended by the World Health Or-
ganization (WHO) as one of the most effective strategies of HH
promotion [1]. Feedback is mostly given as HHC rates, but
surrogate parameters are also an option [7]. Different feed-
back types and forms have been tested in practice so far, for
example, individualized or aggregated (at different levels),
one-on-one setting or group setting [6,8]. Regarding the timing
of feedback, automated HH monitoring systems can be ad-
vantageous since they provide feedback near or at real-time
[9]. Despite much research, it is as yet unknown what is the
best approach to provide performance feedback on HH and
there is a call for more research [8].

In contrast to feedback, goal setting has received little
attention in HH research so far. It was applied in only a few
interventions as an improvement measure, in which it was
embedded in larger HH programmes (for a review, see [2]).
Drawing conclusions on its effectiveness is difficult due to the
multifaceted nature of the approaches, however, previously
published results have been promising.

By contrast, in the behavioural sciences the concept of goal
setting has been extensively investigated and was shown to
increase performance in various areas [10e12]. The concept
works for simple as well as for complex tasks [12,13] and it was
found that challenging goals are more effective than easy
goals, and challenging, specific goals are superior to vague ones
(e.g. ‘do your best’) [10,14].

Goal setting is not only applicable at the individual level but
also to groups, that is, the performance of a group can be
increased by setting specific group goals [13,15]. One impor-
tant difference between individual and group goals has been
observed with respect to the role of participation in goal
setting. As a recent meta-analysis by Kleingeld et al. demon-
strates, a high degree of participation in goal setting is asso-
ciated with a larger effect of setting specific goals for groups in
field studies [13], whereas the effect of participation is only
small in individual goal setting [14].

Research on individual performance demonstrates that goal
setting should be combined with feedback. The combination of
both elements has a higher impact on task performance than
goal setting alone [5,10]. Interestingly, Neubert found little or
no distinction between personal and impersonal feedback in his
meta-analysis, suggesting that the use of technology for
providing feedback is an option [5]. In the context of group
performance, the combined effect of goal setting and feed-
back has not been addressed so far [13].

Given these positive results obtained in the behavioural
sciences, this study aimed to investigate whether goal setting
and feedback at group level led to improved HHC. To test this
hypothesis, a quasi-randomized beforeeafter study was con-
ducted on four general wards of a tertiary hospital and
compared a combined intervention with two single in-
terventions and a control condition.
In addition, the study addresses a methodological angle.
Specifically, hand hygiene events (HHEs) are assessed using
dispensers equipped with electronic counters and HHC based
on direct observation. The direct observation data were ob-
tained using a random sampling scheme. Small samples of HH
opportunities are problematic when it comes to detecting
changes in HHC rates below 20 percentage points [16]. In
addition, the sampling strategy is also vital regarding the ac-
curacy of HHC rates assessed by direct observation. A study by
Fries and colleagues simulated different HHC rates based on
real entry/exit data (as proxy measures of indications 1 and 4/
5) and compared sampling strategies with different observa-
tion intervals during a total of 60 min [17]. Small observation
intervals (i.e. 1e15 min) sampled fewer HH opportunities, but
asserted HHC more accurately. A 60-min static sampling plan
(i.e. permanent observation) resulted in the biggest sample of
HH opportunities, but was the least accurate. Nevertheless,
the mean standard deviation of HHC rates with the best sam-
pling strategy was with 17% still high, especially when
compared to the average improvement in HHC rates of 22.9% in
recent intervention studies [3]. This stresses how difficult it
can be to evaluate HH interventions when directly observed
HHC is the outcome measure. By using disinfectant dispensers
with electronic counting, in contrast, huge sample sizes can
easily be generated, but the data reflect only HHEs (as a proxy
measure of hand disinfection frequency), not actual HHC
[1,18]. Therefore, the degree to which the use of electronic
count dispensers actually reflects HHCwas carefully evaluated,
specifically by condition and study phase.
Materials and methods

Design and setting

A prospective, controlled, beforeeafter, intervention study
was conducted from April 2017 to August 2017 at four non-
intensive-care units of a large tertiary hospital after approval
by hospital management and employee representation, as well
as informed consent by ward managers and head physicians of
all selected units. The study was divided into four phases:
habituation to novel dispensers and observers (T0), baseline
(T1), intervention (T2). and postintervention (T3). Each ward
was assigned to one of four conditions: feedback, goal setting,
goal setting and feedback, or none (i.e. control group). Se-
lection of the four wards was partially based on spatial reasons,
all wards were comparable in size and patients’ illness severity.
In all study phases, usage of hand rub dispensers was assessed
continuously, and direct observations were performed on 10
days of each phase. The habituation phase served the main
purpose of allowing HCWs to become familiar with HH assess-
ments, thus reducing reactivity towards new dispensers and
observers during the three critical phases [1,18].
Assessment of HH behaviour

Electronically counted dispenser usage. A few weeks prior
to the start of the study all existing wall-mounted hand-disin-
fectant dispensers in patient rooms were replaced with elec-
tronic dispensers that counted dispenser usage and transferred
data via WiFi (ingo-man Weco, Ophardt). During the habitua-
tion phase, additional dispensers were installed in a few three-
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bed rooms in order to finally achieve a ratio of at least one
dispenser per two beds [7]. Dispensers in patient rooms were
located near the patients’ beds. Overall, 92 electronic dis-
pensers were installed on the four wards. All dispensers in
patient rooms were count dispensers. Initial shortcomings in
data transmission were overcome in the habituation phase.
Dispenser usage data were collected as HHEs, that is, all acti-
vations of a dispenser that occurred within 2s were counted as
one HHE. Time and number of activations was provided for
each HHE. Data were collected continuously 24/7.

Direct observation. The main objective of direct observa-
tions was to assess to what degree electronically counted HHEs
reflect HHC. Three psychology students of Ulm University
served as external observers after extensive training (approx-
imately 37 h). At the end of their training, observers reached
high agreement in their ratings of indications and actions.
Observers were blinded to conditions. Observations were per-
formed on 10 days of each study phase (weekends and holidays
excluded) between 06:00 and 18:00. Evidence from a simula-
tion study [17] indicates that a more frequent change of loca-
tion during observations results in a more diverse sample of
HCWs and, ultimately, in a more accurate HHC rate. Therefore,
time (i.e. starting time of 15-min observation windows) and
place (i.e. one of four groups of patient rooms per each ward)
were randomly selected for each observation day, resulting in
four observation windows per ward and day (i.e. 40 observation
windows per ward in each observation period). The target
population comprised all HCWs working in patient care at the
participating wards (caregivers, physicians and others such as
physical therapists). Observers were instructed to conduct an
observation in the first patient room that would be entered by
one or more HCWs during the observation window. Using a
modified WHO observation form, observers recorded in-
dications (according to WHO five moments) and HH actions
(hand rub performed or missed) with source of hand rub (i.e.
count dispenser, other local dispenser, or personal dispenser)1

as well as HH actions performed without indication. Impor-
tantly, observation data were recorded separately for each
patient encounter (i.e. for each time an observer entered a
patient room). This allowed more refined statistical testing
(using patient encounters as units of analysis). When a group of
HCWs was involved in patient care only the two HCWs that first
engaged in patient care were observed with separate re-
cordings, resulting in two cases out of one observation session.
It was expected that a minimum of 40 patient encounters per
ward and study phase could be sampled using this approach.
Intervention procedures

The intervention consisted of two components, goal setting
and performance feedback, and reflected a 2 � 2 design,
resulting in four conditions as mentioned above. Both inter-
vention components were initialized on the first day of the
intervention phase and included material that remained at the
1 All dispensers in patient rooms were count dispensers. A few
treatment carts were available at study wards and equipped with non-
count dispensers. At the time of the study, no explicit hospital policy
existed to encourage the use of pocket-sized bottles. Specifying
source of hand rub was needed to clarify how many hand rubs were
performed without registering at count dispensers.
staff room over the whole intervention phase. After the
intervention phase (i.e. postintervention phase), all materials
were removed and the intervention officially ended.

Goal setting (collective level). The goal-setting interven-
tion started with a guided team session during change of shift
with all members of the early and late shift present at the
respective day. One member of the study team (J.K.) moder-
ated the team sessions at both goal-setting wards. As an
introduction, participants received information about the
meaning of HHC rates, the ward’s observed compliance rate,2

and information about goal setting (specific, quantifiable) as
a tool for improving HHC. In order to motivate participants to
aim for a sufficiently challenging goal they were told that ac-
cording to research [19] a minimum of 80% HHC is needed for
reducing nosocomial infections. After the introduction, team
members had the opportunity to discuss what goal they wanted
to set for the next four weeks (i.e. specific HHC rate). Finally,
every team member wrote a proposition on a piece of paper.
The mean of all individual propositions was set as the ward’s
collective goal, written on a poster and handed over to the
wards’ manager for putting up on the staff room’s notice
board. The goal-setting wards aimed at improving their
compliance rates by 23 and 24 percentage points, respectively,
starting from a similarly low compliance rate. The message on
the poster read ‘The employees of ward XY set themselves the
goal of achieving within the next four weeks (i.e. until .) an
increase of the average hand hygiene compliance rate to .%!’

Performance feedback (collective level). Performance
feedback was continuously given by screens that had been
installed on the first day of intervention in the staff room in
both feedback wards. The screens displayed the mean
compliance rate of the last seven days. Rates were updated
continuously. Compliance rates were estimated from HHEs per
24 h applying a ward-specific conversion factor, which had
been calculated by combining baseline data from direct ob-
servations and electronic count dispensers. The conversion
factor in the feedback condition was 0.2235 percentage points
per HHE, the conversion factor in the combined condition was
0.1705 percentage points per HHE.
Outcomes and statistical analyses

The primary outcome was the average number of elec-
tronically counted HHEs per patient room and day (daily HHEs/
room). The units of analysis are patient rooms. Development
over time of electronically counted HHEs was tested with
Friedman’s test. To adjust for multiple testing Bonferroni
adjustment was applied. Dispenser usage per patient day
(HHEs/PD) was considered as a secondary outcome. Primary
and secondary outcomes were compared descriptively to see if
patterns were similar. To assess the usefulness of dispenser
usage data for evaluating HH performance, count dispenser
usage frequency during each observed patient encounter was
compared to each patient encounter’s HHC rate. HHC was
calculated by dividing all HH actions (using electronic dis-
pensers, mobile dispensers, or portable bottles) that
2 HHC rates had to be calculated using pooled data of both habitu-
ation phase and baseline phase, given that data for baseline phase
alone resulted in less than 150 HH opportunities. Observations were
performed within six weeks.
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Figure 1. Accumulated hand hygiene events (HHEs) during one-week intervals by ward and study phase. F, feedback; GS, goal setting.
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corresponded to at least one of the five indications by all HH
opportunities. It can be assumed that the stronger the associ-
ation between count dispenser usage frequency and the HHC
rate, the more indicative are the electronically counted data
for actual HHC. Importantly, with this approach the units of
analysis are patient encounters (not HH opportunities). For
statistical testing, Spearmans’ correlations were computed for
HHC and HHE. All statistical analyses were conducted using
SPSS 24 and significance tests performed two-sided. The sig-
nificance level was set at 0.05.
Results

Effectiveness of the interventions (intention-to-treat
analysis)

Overall, 1894 HHEs were electronically registered; 422 at
T0, 427 at T1, 576 at T2, and 469 at T3. Progression of HHEs
during one-week intervals by ward are given in Figure 1.

To test the effectiveness of the intervention, daily HHEs/
room were compared; first, between baseline and intervention
phase and, second, between baseline and postintervention
phases, to test if an initially found intervention effect would
last even after the intervention had ended. A strong significant
increase from baseline to intervention occurred in the goal-
setting and feedback condition (from MT1 ¼ 7.9, standard de-
viation (SD)T1 ¼ 1.9, 95% confidence interval (CI) 6.6, 9.1 to
MT2 ¼ 17.0, SDT2 ¼ 4.9, 95% CI 14.0, 20.1, c2 (1, N ¼ 12) ¼
12.000, Padj ¼ 0.004). In the feedback condition, the increase
in dispenser usage was marginally significant (from MT1 ¼ 7.3,
SDT1 ¼ 3.9, 95% CI 5.0, 9.5 to MT2 ¼ 10.3, SDT2 ¼ 3.6, 95% CI
(8.2, 12.3), c2 (1, N ¼ 14) ¼ 7.143, Padj ¼ 0.060). In the goal-
setting condition, an increase could be observed descriptively
but did not reach statistical significance (from MT1 ¼ 6.8,
SDT1 ¼ 1.9, 95% CI 5.7, 7.9 to MT2 ¼ 8.7, SDT2 ¼ 2.3, 95% CI 7.3,
10.1, c2 (1, N ¼ 13) ¼ 1.923, Padj ¼ 1.000). During the post-
intervention phase, dispenser usage was still significantly
elevated above baseline level in the combined condition (MT1¼
7.9, SDT1 ¼ 1.9, 95% CI 6.6, 9.1 vsMT3 ¼ 12.9, SDT3 ¼ 5.1, 95% CI
9.6, 16.1, c2 (1, N ¼ 12) ¼ 12.000, Padj ¼ 0.004). In the control
condition, daily HHEs/room did not differ significantly between
baseline and intervention (MT1 ¼ 10.2, SDT1 ¼ 3.9, 95% CI 7.9,
12.4 vs MT2 ¼ 8.2, SDT2 ¼ 3.8, 95% CI 6.0, 10.4, c2 (1, N ¼ 14) ¼
1.143, Padj ¼ 1.000), nor between baseline and post-
intervention (MT1 ¼ 10.2, SDT1 ¼ 3.9, 95% CI 7.9, 12.4 vs MT3 ¼
7.1, SDT3 ¼ 3.6, 95% CI 5.0, 9.2, c2 (1, N ¼ 14) ¼ 2.571, Padj ¼
0.870). However, descriptively a downward trend could be
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observed over all three phases. Results for both comparisons
(T1 vs T2 and T2 vs T3) are displayed in Figure 2a.3

To corroborate these findings, the pattern of daily HHEs/
room was compared to that of HHEs/PD (see Figure 2b). In both
single component interventions, HHEs/PD increased only
slightly during the intervention phase and went back to baseline
during postintervention (feedback: MT1 ¼ 3.9 vs MT2 ¼ 5.2 vs
MT3 ¼ 3.9; goal setting: MT1 ¼ 5.4 vs MT2 ¼ 6.0 vs MT3 ¼ 5.3).
Again, this increase was higher for the feedback condition than
3 To test both intervention components in a joint analysis, a two-
factor ANOVA with study phase (T1 vs T2 vs T3) and condition (GS vs
F vs GS & F vs control) as factors and electronically counted daily
HHEs/room as outcome measure was also performed and revealed a
strong significant interaction effect (F(6, 98) ¼ 9.141, P<0.001,

parth
2 ¼ .359).
for the goal-setting condition. In the combined intervention,
HHEs/PD nearly doubled during the intervention phase
(compared to baseline) and were still increased in the post-
intervention phase (MT1 ¼ 4.8 vs MT2 ¼ 9.2 vs MT3 ¼ 6.5). In the
control condition, the pattern differed from the one observed in
the main outcome measure in the sense that the downward
trend over time was less pronounced and interrupted by a small
peak during T2, paralleling the pattern in all three experimental
conditions (MT1 ¼ 10.7 vs MT2 ¼ 11.2 vs MT3 ¼ 9.5).

Usefulness of electronically counted dispenser usage
data

Observation data were used to evaluate the usefulness of
electronic count data regarding HH performance according to
recommendations. Overall, 1395 HH opportunities with 354 HH
actions according to WHO’s five moments, as well as 325 hand
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rubs using count dispensers were directly observed in a total of
randomly sampled 572 patient encounters during more than
34h (see Table 1 for more details). All HH actions were hand
rubs and most were performed using count dispensers (77.6%),
while other types of dispenser (local or personal) were little-
used (14.3% and 8.1%, respectively). The realized sample of
patient encounters and HH opportunities, however, varied
considerably between study phases and conditions (27e47
patient encounters, 56e143 HH opportunities).

The association strength between count dispenser usage
frequency and HHC during patient encounters was calculated
using Spearman’s correlations. Over all wards and phases, a
highly significant positive correlation was found (r ¼ 0.766,
P<0.001), indicating that electronic count data are likely to be
indicative of the HHC rate. Calculating correlation coefficients
for each ward and study phase separately revealed that the
lowest correlation was r ¼ 0.507 and the highest correlation
r ¼ 0.900, thus, all correlations were high but varied consid-
erably between wards and study phases (see Figure 3).

Discussion

Success of the intervention

Goal setting and continuous feedback was applied at the
group level as single-component intervention as well as a
combined intervention. A substantial positive impact on
electronically counted dispenser usage was found when goal
setting and feedback were combined. This impact was still
measurable during a four-week postintervention phase. This
pattern was not only found for HHEs per room, the primary
outcome, but also for HHEs per patient day. Continuous
feedback alone resulted in elevated HH performance only
during the intervention phase, while during the post-
intervention performance dropped to baseline level. Howev-
er, when looking at HHEs/PD this increase was only little
Table I

Descriptive statistics of direct observations

Patient encounters
Observation time*
Details regarding observed HH opportunities**
HH opportunities (one or more indications)
Indication 1
Indication 2
Indication 3
Indication 4
Indication 5
Details regarding observed HH actions
HH actions ¼ hand rubs
Hand washing with soap and water
HH actions according to indication
HH actions without indication
HRs using count dispensers (i.e. count dispenser usage frequency)
HRs using mobile dispensers
HRs using personal dispensers

HH, hand hygiene; HRs, hand rubs; PE, patient encounter.
* Approximation, determining the exact time observers spent in patient e
** All indications corresponding to each opportunity were recorded.
above a peak detected in the control condition during T2.
Goal setting alone appeared to be less effective than feed-
back alone as reflected in the primary and the secondary
outcome measures (HHEs/room and HHEs/PD, respectively).
The different patterns in the control condition regarding
primary and secondary outcomes (i.e. continuous downwards
trend vs overall downwards trend with peak during T2) might
be due to escalating sick leaves in the control condition which
forced hospital management to increasingly close beds at the
control ward from T0 to T2. Fewer patients should be asso-
ciated with less overall patient-care activity at the ward,
which could at least partially explain the downwards trend in
HHEs/room and the deviation from this downwards trend for
HHEs/PD.

The results of this study are in line with research in the
behavioural sciences on individual performance, showing that
the combination of goal setting and feedback has a higher
impact on task performance than goal setting alone [5,10].
Similarly, a previous study on HH performance had provided
promising results regarding goal setting as a complementary
element for feedback by comparing a state-of-the-art inter-
vention strategy including two-time feedback with an
extended intervention strategy including both feedback and
goal setting [20]. Our study advances these findings by showing
the advantage of combining goal setting and feedback to
improve group performance compared to both single-
component interventions. However, research in psychological
science also showed that the performance of a group can be
increased by setting specific group goals per se [13,15]. This
finding was not replicated in our study. In part, this might be
attributable to the fact that the goal-setting poster was not
posted in the staff room until two weeks after the team session
involving the goal-setting implementation.

Thus, when applying goal setting in future HH interventions
it should preferably be applied in combination with feedback in
order to maximize the impact. Both continuous feedback as in
S % Mean (standard deviation) per PE

572 d d

34:45 h (approx.) d 3:40 min (4:35 min)

1395 100% 2.44 (2.36)
411 29.5% d

148 10.6% d

81 5.8% d

329 23.6% d

426 30.5% d

419 100% 0.73 (0.88)
0 0% d

354 84.5% 0.62 (0.81)
65 15.5% d

325 77.6% 0.57 (0.72)
34 8.1% d

60 14.3% d

ncounters was not a focus of the study.
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our study as well as feedback at selected points in time [20]
seem to be eligible. Likewise, this study suggests that the
positive effect of feedback, which was already demonstrated
in several HH interventions [21], can be amplified by adding
goal setting. As in the present study, the importance of
participation in goal setting at group level in naturalistic groups
should be accounted for [13]. For basic research, however, it
would also be interesting to further investigate the effect on
group performance of goal setting per se.

Our group approach is valuable given that working in teams
is nowadays common and increasingly required in organizations
including healthcare facilities. This is also in line with the
request by Huis et al. for more team-directed strategies to
improve HHC rather than approaches that mainly target the
individual or organizational level [4].

Importantly, a novel element of this study was providing
continuous feedback on HHC. For this purpose, the electroni-
cally counted HHEs were transformed to compliance rates. This
was possible by calculating a ward-specific conversion factor
based on integrating observation data and electronic count
data from disinfectant dispensers. A consistency check of these
conversion factors comparing data of habituation phase and
baseline phase showed satisfyingly high consistency with
slightly higher consistency for the combined condition than for
the feedback condition. Repetition of calculations with data
from study phases three and four, however, demonstrated
further oscillation of resulting conversion factors, thus
violating the assumption that conversion factors should be
stable over time. For both feedback wards, conversion factors
calculated with data of the critical intervention phase would
have resulted in lower compliance rates. Therefore, the
impact of the delivered feedback can be assumed to be com-
parable between the two feedback conditions. Nevertheless,
future research needs to determine how inaccurate feedback
influences HHC and whether potential disadvantages of inac-
curate feedback are compensated for by HHC rates being
easier to interpret than mere HHE numbers.

Usefulness of dispenser usage data

A methodological aspect of this study was to determine to
what degree HH frequency assessed by electronic count dis-
pensers is useful regarding actual HHC. The results of our study
suggest that data obtained from electronic count dispensers
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can be highly informative of HH performance regarding
adherence to the WHO’s five moments as indicated by the high
correlations between count dispenser usage frequency and
conventional compliance rates in 572 patient encounters. The
overall correlation found in this study is even slightly higher
than the one reported by Hagel and colleagues [22]. Due to the
differential association strengths between both HH parameters
as a function of study phase and condition, electronically
counted HHEs should, however, not be used for testing an in-
tervention’s effect on HHC (instead of sheer HH frequency)
without further validation.

Of note, the randomized sampling strategy applied in this
study’s direct observations resulted in smaller samples of pa-
tient encounters and HH opportunities than initially planned.
Moreover, sample sizes varied considerably between study
phases and conditions. With a larger sample of patient en-
counters, the relationships by ward and study phase between
HHC and count dispenser usage frequency could be evaluated
more validly. Future studies should, therefore, adapt the
sampling strategy. A simulation study provides insights into
fruitful modifications [17]. In this study, simulated observers
generated samples of nine to 17 daily patient encounters dur-
ing day shifts with a similar sampling strategy (i.e. observation
sessions of 1e15 min, total time budget of 60 min per day and
ward). Our observers only captured between one and seven
patient encounters per day and ward. The main difference
between both sampling strategies seems to be that simulated
observers spent their total time budget at different locations of
one ward, while our observers switched wards after each
observation reaching a daily net observation time of only 13
min per ward.

Importantly, larger samples of patient encounters would
also result in larger samples of HH opportunities with the po-
tential effect that a valid HHC rate for each ward and study
phase could be calculated. Provided that larger samples were
realized, the effect of an intervention could also be tested for
HHC. However, according to Sax and colleagues, the number of
HH opportunities needed for each ward and study phase should
be clearly above 200 if improvements in HHC are expected to
be lower than 20 percentage points [16]. This is also stressed by
results of the aforementioned simulation study, which found
large variations in compliance rates even with the best sam-
pling strategy in the study [17].

Limitations

One limitation of this study concerns the control condition.
During the study period, escalating staff shortage occurred and
led to increasing numbers of closed beds until only half the
beds were operated during T2 and T3. In this aspect, the con-
trol condition is not comparable to the three experimental
conditions. Problems were also experienced in implementing
the interventions. In the goal-setting condition, the poster
announcing the wards’ goal was available at the staff rooms’
notice board with a delay of two weeks. In addition, perfor-
mance feedback was interchanged between the feedback and
the combined condition during the first two weeks (i.e. con-
version factor of one ward was applied in the second ward and
vice versa). This resulted in a mean difference of 4 percentage
points from the wards’ actual estimation. The accuracy of the
estimation itself or lack thereof is another potential limitation
of this study as mentioned above.
Conclusions

This paper reports first evidence for a strong intervention
effect on HH frequency by combining goal setting and perfor-
mance feedback at group level. HH programmes can benefit by
not only providing feedback as recommended, for example, by
the WHO multimodal strategy [1], but also integrating a goal-
setting component at group level. In addition, the study con-
tributes to HHC research by comparing HHC and HH frequency
using count dispensers. Overall, a high correlation was found.
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