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S U M M A R Y

Background: Different isolation measures are required according to the routes of trans-

mission of pathogens. Few studies have compared different forms of hygiene training in

terms of efficiency and/or improvement of perception towards hygiene measures. This

study aimed to evaluate the benefits of different forms of isolation training in the oper-

ating room, and their respective effects on the perception of hygiene measures by com-

paring simulation training with video-based training.

Methods: This multi-centre, prospective, randomized, controlled trial compared hygiene

knowledge, psychological safety and perception of training among healthcare workers

after in-centre simulation training and conventional video-based training.

Results: Neither type of training led to a significant improvement in knowledge or per-

ceived psychological safety (F¼0.235, P¼0.629, h2
¼0.003). Participants in the simulation

group reported higher levels of willingness to speak up in the depicted scenario compared

with participants who received video-based training. Participants perceived the

simulation-based training significantly more positively than the video-based training.

Conclusion: Clear definition of the goals of training based on the pre-existing level of

knowledge of the participants is crucial. For future studies, it would be interesting to

investigate the long-term effect and continuing benefits concerning the implementation of

hygiene regulations after different types of training.
ª 2023 The Author(s). Published by Elsevier Ltd

on behalf of The Healthcare Infection Society. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Background

Multi-drug-resistant organisms (MDROs) have spread alarm-
ingly across the globe [1]. Solid application of hygiene and
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isolation measures, such as droplet isolation, contact isolation
and airborne isolation, represents the fortress against the
increasing incidence of infections with MDROs. However, their
execution during clinical routine is inconsistent, and in-
hospital adherence to isolation measures is limited [2e5].
Over one-third of healthcare workers (HCWs) make several
mistakes when handling their personal protective equipment
(PPE) while treating patients under isolation measures (e.g.
contact isolation with protective gown and gloves) [6e8]. This
is a significant, complex and puzzling patient safety problem in
which individual (e.g. limited knowledge, limited motivation),
team (e.g. hygiene culture, openness to talk about hygiene
problems) and organizational (e.g. policies) factors interact
[3,9e13]. For example, minor rule violations are more likely if
adverse events happen with a time delay, which is often the
case with poor adherence to hygiene measures, meaning that
they are not seen by the person who caused the damage. Over
time, these violations are perceived as unproblematic, are
copied by younger staff and are finally accepted as normal [14].
Moreover, HCWs feel uncomfortable when having to speak up
about hygiene concerns [12]. As a consequence, educating
HCWs to increase compliance with hygiene measures is a
complex endeavour [15].

While exposure to isolation training has been associated
with higher levels of compliance, few studies have compared
different forms of isolation training [3,15]. Simulation-based
training has been found to be effective, but it is expensive
[16e18]. Regular isolation training should be effective, effi-
cient and accepted by HCWs. Studies comparing the effec-
tiveness of simulation-based isolation training with less
resource-intense types of training are lacking.

Isolation training measures that are effective and feasible
are needed. The aim of this study was to compare two different
isolation training methods: simulation-based training and
video-based training. Their impact on four outcomes was
evaluated: knowledge of hospital isolation rules; psychological
safety; reactions; and costs. Psychological safety (i.e. per-
ception of the consequences of taking an interpersonal risk at
work, such as by speaking up with isolation concerns) was
included because of the strong evidence of its importance for
learning and teamwork, particularly in health care [19,20].
When training HCWs in skills such as performing isolation
measures, evaluation of the psychological safety of the par-
ticipants and teamwork is important to ensure implementation
in the daily work routine [17]. This study investigated the fol-
lowing four hypotheses.

e Hypothesis 1: Participants report higher levels of knowl-
edge about hygiene regulations after simulation training
compared with video-based training.

e Hypothesis 2: Participants report higher levels of psycho-
logical safety after simulation training compared with
video-based training.

e Hypothesis 3: Participants perceive simulation training
more positively than video-based training.

e Hypothesis 4: Video-based training is more cost-effective
than simulation training.

Methods

Ethics

The Cantonal Ethics Committee of Zurich, Switzerland
reviewed the study protocol of the in-situ simulation study and
issued a declaration of no objection (Ethics Committee No.
2020-00059). All participants gave oral consent to participate
in the study.

Study design

This multi-centre, prospective, randomized, controlled trial
compared hygiene knowledge, psychological safety and per-
ception of training among HCWs after in-centre simulation
training and conventional video-based training. Furthermore, a
cost comparison between the two different types of training
was undertaken. The simulation training was conducted in two
different simulation centres [a large university hospital (Hos-
pital A) and a cantonal hospital (Hospital B) in Switzerland]
between November 2020 and October 2021, and the video-
based training was performed solely at Hospital A in Novem-
ber 2021.

Participants and inclusion/exclusion criteria

The sample consisted of HCWs working in anaesthesiology
departments. Participants included physicians (registrars and
consultants) and anaesthesiologic nurses. The inclusion crite-
rion was completion of education that enabled the HCW to
intubate and manage anaesthesia. HCWs from other depart-
ments and anaesthesiologic senior attending physicians were
excluded in order to create a psychologically safe environment
for the younger residents and nurses. The criteria were the
same for both types of training. Only HCWs who had not par-
ticipated in the simulation training were included in the video
group. The participants were either given a day off for training
or relieved from their work, and all were compensated with
credits for mandatory clinical training. Participants were
allocated to the different intervention groups at random.

Simulation-based training

The pre-training questionnaire was sent to the participants
on the day before training. Simulation-based training took
place in a fully equipped simulated operating room using a
high-fidelity mannequin as a patient simulator. A standardized,
predefined plot was used for briefing the participants, simu-
lation guidance and debriefing, which is presented in the online
supplementary material. Simulation training consisted of an
introductory presentation, familiarization with the simulation
mannequin and material, two simulation scenarios, and a 10-
min instruction movie about the correct hygiene procedure
for a patient with coronavirus disease 2019 (COVID-19) before
the second scenario. As two different hospitals were involved
in simulation training, the instruction movie of the respective
hospital was used in each simulation centre. The movies were
created by an attending anaesthesiologist according to a
standard operating procedure, and there was no difference in
content between the two hospitals. The hygiene rules in the
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two hospitals were identical. Employees had to don protective
clothing when entering the room. This clothing consisted of a
protective gown and gloves for contact isolation; FFP2 mask
and goggles for droplet isolation; and gown, gloves, FFP2 mask
and goggles for combined isolation.

Each team consisted of three to six participants, including at
least one nurse and one doctor. The cases for the scenarios
were designed by a senior anaesthesiologist. Both scenarios
depicted a patient in a standard situation, where hygiene
measures were necessary due to infectious disease, with a non-
routine emergency. Each scenario was limited to 15 min, fol-
lowed by a 45e60-min debriefing. The focus of the debriefings
was on compliance and difficulties with hygiene regulations,
and communication within the team, including willingness to
speak up and teamwork. If necessary, a video review was
available for the sole purpose of the debriefing. There was no
further usage of the videotapes. After the second debriefing,
the participants completed the post-training questionnaire.

Video-based training

The video-based training consisted of a 20-min educational
video in which a senior attending physician explained the
hygiene regulations, the potential sources for transmission of
infection, and the corresponding isolation measures. It pre-
sented certain standard operating procedures and encouraged
the participants to revise them online. The instruction movie
on intubating a patient with COVID-19 was not shown explicitly,
but the theoretical background was covered. A resident
anaesthesiologist introduced the study to the participants and
showed them the above-described video without further
explanation, discussion or debriefing. The participants com-
pleted the pre- and post-training questionnaires immediately
before and after training.

Measures

Except for the cost calculations, all variables were meas-
ured through the questionnaires. The set-up of the ques-
tionnaires is depicted in Table I.

Psychological safety

Psychological safety was assessed using six items of the
well-established psychological safety scale [21e23]: (a)
‘Everyone on my team can address problems and difficult
issues’; (b) ‘No one deliberately undermines my efforts’; (c) ‘If
someone makes a mistake, it is held against him/her’; (d)
‘Some people on the team are rejected for being different’; (e)
‘Other team members value my skills and talents’; and (f) ‘It is
difficult to ask others for help’. Participants indicated their
agreement with these items on a five-point Likert scale ranging
from 1 (‘strongly disagree’) to 5 (‘strongly agree’). Negatively
formed items that were reverse-coded before evaluation were
included in order to mitigate response set bias.

Case vignette

A case vignette was created to assess each participant’s
perception of hygiene neglect and their presumed behaviour
[24,25]. It described a stressful situation in which a consultant

physician disregarded hand hygiene whilst treating a contact-
isolated patient and was linked with four items (Table IV).

Knowledge test of hygiene measures, isolation

standards and infectiology

A resident and senior attending physician of the Department
of Infectiology designed questions in collaboration with a
senior anaesthesiologist. In total, there were 20 questions with
four response options. Eighteen questions were designed as
multiple trueefalse types, where four answer possibilities are
given and each of them has to be marked separately. The
partial scoring method (PS50) was used to evaluate these
questions [25,26]. In the other two questions, the participants
were asked to mark the correct order of donning or doffing PPE.
Refers to unexplained types of questiones, since a larger
explanation would bring no further enlightment to the reader I
suggest cancelling.

In order to study any improvement in knowledge from
before to after training, the knowledge test on hygiene
measures was divided into two groups (10 questions each);
Questions 1e10 (Part A) were included in the pre-training
questionnaire and Questions 11e20 (Part B) were included in
the post-training questionnaire. All participants on a particular
training day were given the same set of questions. However,
the sets were changed to alternate days to rule out difficulty
bias within the questions, so on alternate days, the participants
would fill out Part B (Questions 11e20) in the pre-training
questionnaire and Part A (Questions 1e10) in the post-
training questionnaire.

Training evaluation

Participants evaluated the training and its future benefits
for their daily work using six items based on the pre-existing

Table I

Data collection and set-up of the questionnaires

Centre

Intervention Hospital A Hospital B

Simulation x x

Video x

Set-up of the questionnaires (equal for both interventions and

locations)

Measures Pre-training

questionnaire

Post-training

questionnaire

Demographic

information

x

Psychological

safety

x x

Case vignette x x

Knowledge test

of hygiene

measures and

infectiology

alternating

every other

intervention day

x x

Group A:

Questions 1e10

Group A:

Questions 11e20

Group B:

Questions 11e20

Group B:

Questions 1e10

Training

evaluation

x

Training cost x x
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evaluation forms of the simulation centre (Supplementary File
S3) [27].

Cost analysis

The costs of the two types of training were compared by
calculating the cost of each participant from the hospital’s
perspective. As the two simulation centres involved have dif-
ferent approaches, two separate cost calculations were per-
formed, listed in detail in the online supplementary material.

The costs for Hospital A were calculated using the hourly
wage of the participants and the instructors during training. A
training unit in the simulation centre lasted for 4 h with two
instructors present, whereas a training unit based on video-
based education lasted for 1 h with one instructor present.
The amount corresponded to 45 Swiss Francs (SFR) rounded for
registrars and nurses, and 65 SFR for consultants. The unit costs

were obtained from the cantonal wage scale, assuming a 50-h
working week with an average of 21 working days per month.

In the simulation centre at Hospital B, a standard cost of
1800 SFR was applied for a training unit lasting for 4 h and
including four participants and two instructors. The one-time
cost of creating the video and simulation scenarios was
excluded.

Statistical analysis

Descriptive statistics were generated for all data. Demo-
graphic variables have been described as counts and percen-
tages for metric variables, and continuous variables have been
presented as medians and interquartile ranges. Prior hygiene
training was dichotomized into two groups: any prior training
and no prior training. If a participant reported zero years of
experience, this was converted into a positive number, indi-
cating at least 2 weeks of experience or 0.04 years.

A correlation coefficient was computed to assess the linear
relationship between the different variables (see online sup-
plementary material).

All scale items were assessed using a five-point Likert scale
(1, strongly disagree; 5, strongly agree), and negatively formed
items were reverse-coded for evaluation. The reliability of the
explored scales was measured with Cronbach’s a, and a �0.60
was considered to indicate good internal consistency [28].

Exploratory data analysis was conducted for all data. The
results have been described as mean and standard deviation
(SD) for normally distributed date, and median and inter-
quartile range for non-normally distributed data. For normally
distributed data and measurements before and after training,
mixed analysis of variance was used to test for improvement
over time and differences between the intervention groups. To
analyse which type of training led to a greater increase in
knowledge, the interaction of the two groups over time was
examined using the within-subject effect test. A different
increase in score over time between the two groups would
imply that one form of training has a greater impact on
knowledge. The Levene test was used to ensure homogeneity
of the error variances. For data that followed a normal dis-
tribution but were only collected once (e.g. training evalua-
tion), two independent samples t-test was used to check for
significance. ManneWhitney U-test was used to test for dif-
ferences in non-normally distributed data between the groups.

Table III

Mean, standard deviation and mixed analysis of variance results

Mean (SD) Time effect (RM) Group effect (IM) Interaction group x time

Simulation

(N¼54)

Video

(N¼31)

P-value F h
2 F h

2 F h
2

Knowledge of hygiene regulations 0.528 0.006 5.076a 0.058 4.049 0.024

Pre-training questionnaire 5.51 (1.59) 5.76 (1.48) 0.479

Post-training questionnaire 5.35 (1.59) 6.24 (1.15) 0.008

Psychological safety 0.199 0.002 3.058 0.036 0.235 0.003

Pre-training questionnaire 3.69 (0.48) 3.53 (0.55) 0.508

Post-training questionnaire 3.74 (0.55) 3.52 (0.60) 0.777

Training evaluation

Post-training questionnaire 5.15 (0.65) 3.67 (1.04) <0.001

RM, repeated measure; IM, independent measure; h2, partial eta squared; SD, standard deviation.
a P<0.05.

Table II

Characteristics of participants

Simulation training Video-based training

N % N %

Participants

Hospital A 42 77.8 31 100

Hospital B 12 22.2 0 0

Total 54 100 31 100

Profession

Nurse 17 30.9 11 35.5

Doctor 37 67.3 20 64.5

Years of experience

Median (IQR) 6 7 5 5

Duration of employment (years)

Median (IQR) 1.5 4.8 1 3.84

Prior hygiene training within the last 12 months

Yes 45 81.8 21 67.7

No 9 16.4 10 32.3

Type of prior hygiene training

Presentation 36 65.5 14 45.2

Video 17 30.9 6 19.4

Simulation 14 25.5 4a 12.9

IQR, interquartile range.
a Some participants had formal simulation-based hygiene training.

However, none of them took part in this study before.
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For all analyses, P<0.05 was considered to indicate significance
(two-tailed). Item difficulty analysis was used to check for
comparability between the two different knowledge tests of
hygiene measures.

All statistical analyses were performed using SPSS Version 27
(IBM Corp., Armonk, NY, USA).

Results

Questionnaires were completed in full and were identifiable
for direct comparison between the pre- and post-training
questionnaires by 77% (85/111) of participants. The simu-
lation and video groups had nearly equal proportions of par-
ticipants by profession, years of experience and duration of
employment (Table II). Correlations between the different
items are depicted in the online supplementary material.

Type of training and knowledge of hygiene measures

Neither type of training led to a significant improvement in
knowledge. Although participants in the video group [mean 6.24
(SD 1.15)] achieved higher scores than participants in the sim-
ulation group [mean5.35 (SD5.35)] after training (P¼0.008), the
interaction effect between the two groups over time was not
significant (F¼4.049, P¼0.157) and the effect strength was low
(h2 ¼0.024) (Table III). Therefore, the two types of training did
not have a different impact on knowledge of hygienemeasures.
However, the between-group effect was significant (F¼5.076,
P<0.05), indicating that the video group achieved higher scores
than the simulation group (Supplementary File S2). Mean item
difficulty was 0.51 (SD 0.23) for Questions 1e10 and 0.62 (SD
0.22) for Questions 11e20.

Psychological safety

Neither type of training led to a significant improvement in
perceived psychological safety (F¼0.235, P¼0.629, h2

¼0.003).
The rating of psychological safety tended to increase after
training (Supplementary File S2). However, this finding was not

significant and there was no significant between-group effect
(F¼3.058, P¼0.084, h2

¼0.036) (Table III).
Results for the case vignette are shown in Table IV. Partic-

ipants in the simulation group reported higher levels of will-
ingness to speak up in the depicted scenario compared with
participants in the video group. However, the difference over
time, which would imply a direct benefit of training, was not
significant.

Training evaluation

Participants evaluated the simulation-based training sig-
nificantly more positively than the video-based training [sim-
ulation 5.15 (SD 0.65); video 3.67 (SD 1.04); t(43.7)¼7.2,
P<0.001] (Supplementary File S3).

Type of training and costs

Following the above-mentioned calculations for costs, the
cost per participant for a training unit in the simulation centre
was, on average, 380.00 SRF (310.95 SFR in Hospital A, 450.00
SFR in Hospital B). A video-based training unit cost 61.30 SFR
per participant. Therefore, a training unit in the simulation
centre is 6.2 times more expensive than a video-based training
unit. The exact calculations are listed in the online supple-
mentary material.

Discussion

This study compared the different effects of simulation
training and video-based training on knowledge about hygiene
measures, the participant’s perception of the training and its
future implementation in daily work, and how they influence
teamwork and willingness to speak up.

Knowledge of hygiene measures

Many different approaches have been taken to improve
hygiene procedures among hospital staff, but to date there is

Table IV

Median and standard deviation for different items in the case vignette before and after training

‘You are in the operating room for a stoma retraction and the

patient is under contact isolation due to a positive swab with

an ESBL-producing Klebsiella spp. The patient becomes

increasingly tachycardic and you realize that the infusion is no

longer running properly. The consultant physician sets up the

IV line and injects it without putting on gloves or disinfecting

his hands’

Before training After training Difference over timeb

Simulation Video Simulation Video Simulation Video

How realistic is this situation? 3.45 (1.32) 3.81 (0.98) 3.50 (1.34) 3.97 (0.84) 0.10 0.16

If nobody reacts, how dangerous do you think this

situation is for the patient and the consultant?

3.41 (1.02) 3.27 (0.95) 3.17 (1.25) 3.13 (1.06) - 0.16 -0.34

Would you point out the lack of hygiene measures to the

consultant?

3.27 (1.40) 2.81 (1.28) 3.54 (1.34)a 2.94 (1.21) 0.40 0.13

Would you feel uncomfortable mentioning the lack of

hygiene measures to the consultant?

3.22 (1.31) 3.10 (1.38) 2.81 (1.28) 2.58 (1.34) -0.31 -0.52

ESBL, extended-spectrum beta-lactamase; IV, intravenous.
ManneWhitney U-test was used to check for significant differences after training.
a P<0.05.
b ManneWhitney U-test showed no significance.
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little evidence of a superior form of training. It has been shown
that a combined approach of traditional teaching methods with
complementary practice increases adherence to hand hygiene
[29]. Although some studies showed significant results favou-
ring a specific type of training [30,31], these results are
inconsistent [32] and have not been affirmed through a broader
review [33]. This is consistent with the present findings, dem-
onstrating that neither simulation training nor video-based
training led to a significant improvement in knowledge of
hygiene measures. Although participants in the video group
scored more highly after training compared with participants in
the simulation group, the improvement over time was not
significant, indicating no change due to training. To interpret
the higher scores in the video group, one should consider that
the video-based training was given 1 year after the simulation
training. During that year, when the COVID-19 pandemic spread
worldwide, isolation measures were part of every HCW’s daily
routine. Hence, it is assumed that general knowledge was
higher regardless of the type of training.

The recently published World Health Organization Frame-
work global survey showed no overall improvement in hand
hygiene from 2015 to 2019, with most healthcare facilities
already having an intermediate or higher level of hand hygiene
[32]. This emphasizes the difficulty of increasing knowledge
among highly educated personnel. With an average score of
55e58% before the intervention, the level of knowledge among
the participants in both groups of this study was already good.
Therefore, it is believed that the key to reducing neglect of
isolation measures and therefore reducing in-hospital trans-
mission of pathogens is to improve adherence to hygiene pro-
tocols and implementation of existing knowledge in daily work.

Psychological safety

It is well established that, through practical application and
inclusion of every individual, simulation training leads to
improved essential skills, and higher clinical performance and
competence [34e36]. Furthermore, simulation training has a
positive impact on team learning and on encouraging commu-
nication, thereby having a beneficial effect on teamwork skills
[36,37]. This supports the present finding that the participants
perceived the simulation training more positively, and felt
more confident implementing their skills after simulation
training compared with video-based training. The significant
correlation between psychological safety and willingness to
speak up, as well as the enhanced speak-up behaviour dem-
onstrated in the case vignette after simulation training com-
pared with video-based training, further demonstrates the
benefits of simulation training in non-technical skills.

Training costs

Several studies have analysed the cost-effectiveness of
simulation training (e.g. instructors’ and participants’ work-
time, training materials). However, true measurement of the
costs, including the amount to purchase a simulation centre is
difficult and most studies have presented incomplete costs
[38e40]. The present study showed that simulation training
was six times more expensive than video-based training. Con-
sidering the benefits of simulation training, calculating the
actual effectiveness becomes nearly impossible. There seems

to be an overall benefit of training units that engage the
learner in mental processing, such as simulation training,
compared with passive transfer of knowledge [38,40].

Limitations

Direct comparison of the test results on hygiene knowledge
with other studies was not possible, as most studies use self-
report questionnaires to test for adherence to hand hygiene
and the necessary competencies, whereas the test used in the
present study focused on specific hygiene regulation in the
operating room.

The circumstances under which the participants of the two
groups completed the questionnaires were different. As the
simulation training was organized in advance, participants
received the pre-training questionnaire the day before training
and completed the post-training questionnaire at the end of a 4-
h training session with a presumably low level of concentration.

In conclusion, this study aimed to find a type of training
that combines theoretical knowledge and better adherence to
hygiene measures. Although there was no significant
improvement in knowledge or psychological safety over time
with either simulation training or video-based training, sim-
ulation training was rated more highly, showing higher
acceptance among the participants. Considering the items
included in the evaluation, this may indicate a beneficial
effect on the daily implementation of hygiene measures.
Regarding the high levels of knowledge among the partic-
ipants before training, changes in perception towards hygiene
measures and positive effects on future adherence following
simulation training may be more important than increased
knowledge. As higher psychological safety correlates with
increased willingness to speak up, this plays a vital role in
ensuring the correct handling of PPE [41].

Clear definition of the goals of training according to the pre-
existing level of knowledge of participants is crucial. If the aim
of the training unit is a theoretical input, video-based training
is more cost- and time-effective. However, if the level of
knowledge among the participants is already high, as was the
case in this study, and the goal is overall improvement in
adherence to hygiene measures and strengthening teamwork
behaviour, the findings strongly recommend full-scale simu-
lation training. For future studies, it would be interesting to
investigate the long-term effects and continuing benefits
regarding the implementation of hygiene regulations after
different types of training.

Conflict of interest statement

None declared.

Funding sources

None.

Author contributions

Conception and design: LS, BG.
Administrative support: MK, BG.
Provision of study materials or patients: LS, BK, TS, TK, BG.
Collection and assembly of data: LS, BK, HJ, BG.
Data analysis and interpretation: LS, MK, BG.
Manuscript writing: All authors.
Final approval of manuscript: All authors.

L. Stutz et al. / Journal of Hospital Infection 141 (2023) 167e174172



Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jhin.2023.07.027.
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