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Abstract
Purpose  Supervising anesthesiologists overseeing several operating rooms must be aware of the status of multiple patients, 
so they can consult with the anesthetist in single operating rooms or respond quickly to critical events. However, maintaining 
good situation awareness can be challenging when away from patient bedsides or a central monitoring station. In this proof-
of-concept study, we evaluated the potential of a head-worn display that showed multiple patients’ vital signs and alarms to 
improve supervising anesthesiologists’ situation awareness.
Methods  Eight supervising anesthesiologists each monitored the vital signs of patients in six operating rooms for 3 h with the 
head-worn display, and for another 3 h without the head-worn display. In interviews with each anesthesiologist, we assessed 
in which situations the head-worn display was used and whether the continuous availability of the vital signs improved situ-
ation awareness. We also measured situation awareness quantitatively from six of the eight anesthesiologists, by instructing 
them to press a button whenever they noticed a patient alarm.
Results  The median number of patient alarms occurring was similar when the anesthesiologists monitored with the head-
worn display (42.0) and without the head-worn display (40.5). However, the anesthesiologists noticed significantly more 
patient alarms with the head-worn display (66.7%) than without (7.1%), P = 0.028, and they reported improved situation 
awareness with the head-worn display. The head-worn display helped the anesthesiologists to perceive and comprehend 
patients’ current status and to anticipate future developments. A negative effect of the head-worn display was its tendency 
to distract during demanding procedures.
Conclusions  Head-worn displays can improve supervising anesthesiologists’ situation awareness in multiple-patient moni-
toring situations. The anesthesiologists who participated in the study expressed enthusiasm about monitoring patients with 
a head-worn display and wished to use and evaluate it further.
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1  Introduction

In operating suites in Germany, experienced senior anes-
thesiologists supervise trainees and consult with colleagues 
who provide anesthesia to a single patient. The German sys-
tem is comparable to the situation in the US, where a quali-
fied doctor supervises multiple physician or nurse anesthe-
tists. Given the supervising anesthesiologists’ responsibility 
for the whole operating suite, they must be constantly aware 
of the status of multiple patients. This can be challenging 
if the supervising anesthesiologist is distant from patient 
bedsides or from a central monitoring station.

Supervising anesthesiologists could benefit from hav-
ing continuously available information about multiple 
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patients that they could access while moving around the 
operating suite. Head-worn displays (HWDs) could pro-
vide such support. HWDs are devices worn on the head 
that can display information on a small screen, visible no 
matter how the body and head are oriented [1, 2]. HWDs 
have already been tested in several clinical environments 
[3–7] but not for monitoring multiple patients. If the status 
of multiple patients in an operating suite is shown on an 
HWD, it could help supervising anesthesiologists to main-
tain awareness of their patients in a hands-free, mobile 
manner, even in sterile situations.

However, it is unclear whether clinicians could pro-
cess the continuously available vital signs displayed on 
an HWD effectively and use them to develop situation 
awareness. Situation awareness refers to the perception of 
elements in the environment (level 1), the comprehension 
of their meaning (level 2), and the understanding of future 
implications (level 3) [8]. Situation awareness is crucial 
in anesthesia. For example, having good situation aware-
ness supports the fast detection of patient deterioration 
and subsequent treatment [9, 10]. In the multiple patient 
monitoring situation described above, good situation 
awareness indicates that the supervising anesthesiologist 
knows “what is going on” in the operating rooms, and can 
therefore detect negative trends early, react appropriately, 
and prevent critical situations.

Instead of HWDs, smartphones [11], smartwatches [12], 
or large wall mounted screens [13] could be used to sup-
port multiple patient monitoring. However, wall mounted 
screens can display patient information only at one spe-
cific location. Smartphones and smartwatches are portable 
but at least one hand is required to use them. Additionally, 
both smartphones and smartwatches are unsuitable where 
a ‘bare below the elbows’ policy is in place. Compared to 
the devices listed above, HWDs have three unique features. 
First, the vital signs on an HWD are available hands-free and 
accessible without head or body movements which means 
patient monitoring is possible even while performing manual 
tasks. Second, HWDs do not interfere with hygiene restric-
tions because they are worn on the head. Third, accessing 
vital signs on an HWD requires very little time and thus 
patients can be monitored closely if required. The latter is 
important, because previous research has shown that critical 
events can be detected faster when vital signs are continu-
ously available [14] and patient data are generally accessed 
more frequently when the effort is low [15].

However, the continuous availability of vital signs on the 
HWD could also have negative consequences. If the HWD 
were constantly enabled and most of the patient alarms were 
clinically irrelevant [16], the HWD could become a source 
of distraction for the wearer. In the worst case, the flood of 
alarms could fatigue the supervising anesthesiologists and 
even decrease their situation awareness.

The purpose of this proof-of-concept study was to evalu-
ate how supervising anesthesiologists used an HWD to 
monitor multiple patients’ vital signs in an operating suite. 
In particular, the purpose was to determine whether the con-
tinuous availability of vital signs and alarms on the HWD 
improved or worsened the supervising anesthesiologists’ 
situation awareness, compared with solely using the central 
monitoring station. We assessed level 1 situation awareness 
quantitatively by instructing the anesthesiologists to press a 
push-button whenever they noticed a patient alarm. Addi-
tionally, we collected qualitative interview data to investi-
gate the HWD’s usage and its influence on level 2 and level 
3 situation awareness. We hypothesized that providing an 
HWD in addition to the existing central monitoring station 
would result in a higher percentage of patient alarms being 
noticed, indicating improved level 1 situation awareness.

2 � Materials and methods

The hospital’s ethics committee was informed about the 
study. On 13 December 2017 we received a waiver that no 
ethics clearance was required. The supervising anesthesi-
ologists gave written informed consent to participate in the 
study. In the following, the supervising anesthesiologists are 
referred to as anesthesiologists unless stated otherwise.

2.1 � Participants

Eight anesthesiologists who regularly work in the role 
of supervisor participated in the study (seven male, age 
Mdn = 37.5 year, work experience as anesthesiologist 
Mdn = 9.5 year). Push-button data from only six anesthesi-
ologists were used, because the battery in the push-button 
ran out of power for one anesthesiologist and for another the 
patient alarm logging was accidentally disabled. The semi-
structured interviews with all eight anesthesiologists were 
analyzed.

2.2 � Setting

The present study was conducted in a large operating suite 
of the University Hospital of Würzburg. The hospital is a 
large regional teaching hospital with 1450 beds. In the oper-
ating suite where the study took place, 15–25 surgeries are 
performed every day, mostly in the medical fields of urol-
ogy and orthopaedics. In the operating suite, patients of all 
ages, physical status (American Society of Anesthesiologists 
[ASA] physical status classification), and acuity are treated. 
In each operating room, a trained anesthetist takes care of a 
patient. Two additional experienced senior anesthesiologists 
work in the role of supervisors for a total of six operating 
rooms. These anesthesiologists also carry out administrative 
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work, coordinate patients and staff, and provide immedi-
ate support in case of an emergency. Responsibilities for 
the different tasks are defined at the start of the shift. The 
anesthesiologists can observe their patients’ vital signs on 
a central monitoring station and they can be contacted via 
phone by the anesthetist in an operating room.

2.3 � Design

The experiment used a crossover design, with participating 
anesthesiologists allocated at random to one of two orders 
for experiencing the HWD and control conditions (4 anes-
thesiologists experienced the HWD condition first; four 
anesthesiologists experienced the control condition first). 
Random allocation to orders was done by pulling numbered 
paper tokens at random from an urn. In the control condi-
tion, anesthesiologists relied on standard monitoring equip-
ment. In the HWD condition, anesthesiologists could use 
standard monitoring equipment but also wore the HWD. 
Only one of the two anesthesiologists in the operating suite 
was equipped with the HWD. The anesthesiologist with the 
HWD was instructed to collaborate with his colleague as 
usual, with no alteration in the normal division of labor. For 
each anesthesiologist, each monitoring condition lasted for 
3 h on the same day.

The dependent variable was the percentage of patient 
alarms noticed by the anesthesiologists. All yellow and red 
alarms from the physiological monitoring systems installed 
in the six operating rooms were defined as alarms. On the 
central monitoring station, all alarms were displayed as 
colored text. In the operating rooms alarms were displayed 
the same way but only for a single patient. When an alarm 
occurred, an auditory signal was played at the central moni-
toring station and in the respective operating room. An alarm 
was considered to be noticed only if the anesthesiologist 
pressed the push-button within 10 s after the alarm occurred. 
The semi-structured interviews were analyzed with thematic 
analysis methodology (see Sects. 2.5 and 2.6).

2.4 � Materials

In the HWD condition, the anesthesiologists wore a Vuzix 
M300 HWD (Vuzix Corporation, West Henrietta, NY, USA; 
Figs. 1, 2). The HWD can be mounted in front of the left or 
right eye. The color image display has a size comparable to 
a 40″ screen viewed from a 2 m distance. Because the screen 
can be placed in the peripheral field of view, the HWD does 
not obstruct the wearer’s forward field of view.

We developed a custom multiple-patient monitoring 
application for the HWD [17]. There are two technical 
requirements for its usage. First, a secure WiFi network must 
be available. Second, the video signal of a central monitor-
ing station must be accessible and recorded with a digital 

capture card. Our software then extracts the vital signs via 
text recognition. In the present study, we extracted the vital 
signs displayed on the Philips IntelliVue Information Center 
iX central monitoring station and sent them to the custom 
HWD interface. This technical approach is likely to be feasi-
ble in a wide variety of hospitals even if the digital interfaces 
of the monitoring system are disabled. A potential downside 
of our approach is that the custom monitoring software has 
to be adjusted every time the layout of the central station 
changes due to software updates or layout reconfigurations.

The HWD application showed an overview screen with 
vital signs and alarms from six operating rooms (Fig. 3a). 
The vital signs were updated every second. Using the but-
tons on top of the HWD (Fig. 2), the anesthesiologists 
could access a more detailed screen showing data from an 

Fig. 1   Anesthesiologist wearing the head-worn display during the 
study. The green push-button attached to the anesthesiologist’s shirt 
was used to report patient alarms

Fig. 2   Head-worn display (Vuzix M300) used in this study. The head-
worn display consists of a small screen, a battery pack, and a head-
mount. The patients’ vital signs were displayed on the screen. The 
three buttons on top of the arm could be used to control the applica-
tion
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individual patient in a single operating room (Fig. 3b). If 
an alarm was triggered for any patient, the HWD played an 
auditory alarm signal. The signal lasted 1 s and the pitch of 
the sound indicated the severity of the alarm. Alarms with 
a low priority (yellow alarms) were triggered when a vital 
sign crossed a specific threshold and were accompanied by 
a low pitch sound. Alarms with a high priority (red alarms) 
were triggered when a vital sign reached a life threatening 
level and were accompanied by a high pitch sound. When 
an alarm was sounded, the screen turned white for 150 ms, 
producing a flash that reliably attracts attention [18].

2.5 � Procedure

The anesthesiologists were informed about the purpose of 
the study and the functionality of the HWD. Then the anes-
thesiologists were instructed to press a push-button worn 

over their scrubs (Fig. 1) whenever they noticed a patient 
alarm from any of the six operating rooms. Next, the anes-
thesiologists carried out their regular work for 3 h in one 
condition. After a break of at least 10 min, the anesthesiolo-
gists worked for 3 h in the other condition. At the end of the 
study, the anesthesiologists were interviewed for 20–30 min 
about their experience with the HWD.

The interviews covered four topics: (1) anesthesiolo-
gists’ procedures for monitoring multiple patients without 
an HWD, (2) effect of the HWD on the monitoring, (3) the 
HWD’s software usability and (4) reactions to the HWD 
hardware. The interviewer asked questions from a predefined 
question pool (Online Appendix 1). However, because of 
the exploratory nature of the study and the lack of previ-
ous research covering multiple-patient monitoring with an 
HWD, the anesthesiologists were encouraged to report every 
aspect of their experience with the HWD, even if not specifi-
cally addressed by a question. The anesthesiologists received 
a five Euro cafeteria voucher for their participation.

2.6 � Analysis

We used Wilcoxon Signed Ranks Tests to analyze the quan-
titative data (SPSS 25, IBM, Chicago, IL). Alpha was set 
at 0.05. The qualitative data were analyzed using thematic 
analysis [19], which can be used to find patterns in quali-
tative data and to generate broader concepts inductively. 
Through four analytic steps, findings emerge in a ‘bottom 
up’ way [20] and are closely linked to the collected interview 
data [21].

First, the interviews were coded. In other words, all state-
ments in the interviews were assigned a meaningful label. 
Second, the codes were grouped based on their meaning 
and themes were generated that covered one specific topic. 
Third, we checked whether all relevant codes could be 
assigned to the different themes and themes with few codes 
were merged with others. Finally, four themes were estab-
lished (see the four subheadings in Sect. 3) and the connec-
tions among individual themes were analyzed.

3 � Results

3.1 � Usability of the HWD

All eight anesthesiologists positioned the HWD in their 
peripheral field of view (seven in front of the right eye) 
and they reported that they could easily access vital sign 
information while wearing the HWD (Table 1). All anes-
thesiologists reported that the HWD did not move on their 
head, but its firm fit caused pressure pain for over half the 
anesthesiologists. Additionally, all anesthesiologists stated 
that the HWD’s battery cable made it more difficult and 

Fig. 3   Screenshots of a the overview screen and b the detail screen 
of the multiple-patient monitoring application. The overview screen 
showed the heart rate (HF), blood pressure (ABP or NBP), blood 
oxygen saturation (SpO2), and alarm notifications of the patients 
in the six operating rooms (OP). Alarm notifications appeared as 
colored bars (top left corner). Alarms with a low priority were dis-
played in yellow and alarms with a high priority were displayed in 
red. The detail screen showed the same information as the overview 
screen (HF, NBP or ABP, SpO2), plus the ECG and SpO2 plethys-
mography waveforms. Only one patient could be displayed at a time 
on the detailed screen, and a button on the head-worn display had to 
be pressed to cycle through the patients
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time consuming to put on a surgical mask. Half the anesthe-
siologists found the HWD too heavy and too big. Despite 
the above physical drawbacks, most anesthesiologists liked 
the HWD’s readability and the structure of the multiple-
patient monitoring application. The user interaction with the 
buttons was considered to be easy, but four anesthesiolo-
gists reported that they made some errors when attempting 

to display a specific operating room because of the button 
locations.

3.2 � Patterns of use of the HWD

Overall, the anesthesiologists listed seven reasons why they 
accessed vital sign information on the HWD (Table 2). All 

Table 1   Anesthesiologists’ opinion on different properties of the head-worn display (HWD)

Properties of the HWD Number of reports Opinion of the anesthesiologists

Readability 7 Vital signs could be easily read on the HWD
1 Concentration was required while reading on the HWD

Multiple-patient monitoring interface 8 Structure of the interface was logical
6 All required information were displayed
6 Detail screen was seldom accessed

Fit on the head 8 HWD did not move on the head
5 Firm fit caused pressure pain
2 HWD’s position had to be readjusted while wearing

User interaction 6 Controlling the application with the buttons was easy
4 Wrong buttons were pressed because they were on top of 

the unit and therefore out of sight
Weight and size 4 HWD was too heavy and too big
Compatibility with a surgical mask 8 HWD interfered with the tie-on laces of the surgical mask

Table 2   Reasons why the anesthesiologists checked the head-worn display (HWD) during their work

HWD was checked because Number 
of reports

Anesthesiologist’s quote

A patient alarm occurred on the HWD 8 Of course [I looked at the HWD] when an alarm popped up. I 
think, I detected almost all of them. And then I checked what 
the problem was

The anesthesiologist had some spare time 7 I was relatively frequently looking at it [the HWD] and also 
checked vital signs that did not trigger an alarm. And I realized 
that there were low values that did not set off an alarm, yet

There were critical patients in the operating rooms 7 We had two patients that were not completely stable. I checked 
their current status frequently on it [the HWD]

The operating rooms were not utilized efficiently 6 One is also involved in utilizing the operating rooms efficiently. 
And [with the HWD] I could see whether one patient was 
already in the operating room. Because of this, I checked 1–2 
times why a surgery had not been started yet. I could see that 
there were no vital signs of the patient in the operating room

An anesthesiologist in an operating room consulted the supervis-
ing anesthesiologist (wearing the HWD) via phone

2 It [the HWD] helped me, when I was being called because of a 
patient. Someone asked me something about his current patient 
and I could inform myself about the patient’s status and assess 
the situation better on the phone

The anesthesiologist could not leave one operating room for a 
prolonged time

2 When I knew that I would not be able to leave an operating room 
for the next minutes, I looked at the HWD occasionally and 
checked that all other patients were safe, and everything was 
alright

The anesthesiologist treated a patient and required his/her vital 
sign information

1 We were preparing the emergence of a child from general anes-
thesia in one operating room and I saw the vital signs twice 
[both on the HWD and the standard monitoring]. But it was not 
disturbing. I could turn away from the child, but I could still see 
what was going on
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anesthesiologists looked at the HWD when a patient alarm 
occurred, but they occasionally looked at the HWD when 
there were no alarms also. The anesthesiologists checked 
the HWD when they could not leave an operating room for a 
prolonged time, when a patient with high ASA classification 
underwent surgery, or when another anesthesiologist called 
from an operating room and asked for assistance. Anesthesi-
ologists also checked the occupancy of the operating rooms 
with the HWD. When the HWD showed no vital signs for 
an operating room, the anesthesiologists could infer either 
that the case in that operating room was still to start, that it 
was ending, or that the schedule of the day for that operating 
room was completed, depending on context. One anesthe-
siologist reported that the HWD was useful during treat-
ment of a patient to access vital signs when the conventional 
patient monitor was out of sight.

Seven anesthesiologists reported that they at least once 
acted in a certain way because of information displayed on 
the HWD. Table 3 presents two potentially critical situations 
in which an anesthesiologist intervened due to information 
provided by the HWD. However, it was also noted that the 
information on the HWD was limited and not always suf-
ficient for clinical decision-making.

3.3 � Distraction

During low workload situations, such as when walking 
from one operating room to another or when routinely 
checking the status of a patient, most anesthesiologists 

did not perceive the auditory alarms of the HWD to be dis-
tracting (no anesthesiologist mentioned the simultaneous 
flash). Three anesthesiologists stated that the distraction 
was not severe because hearing an alarm sound and then 
checking the HWD did not require much time. The anes-
thesiologists noted that phone calls were more distracting 
than the HWD alarms, because the former consumed more 
time and mental resources.

During high workload situations, such as when intu-
bating a patient or placing a central venous catheter, the 
anesthesiologists found the alarms of the HWD distract-
ing. However, the degree of perceived distraction varied 
between individuals. One anesthesiologist reported that he 
could easily perform anesthetic procedures while checking 
the alarms on the HWD. Another reported that, with the 
HWD, he felt that he could not focus 100% of his attention 
on a patient while treating him/her. Additionally, three 
anesthesiologists felt that the HWD reduced their field of 
view slightly during specific procedures. Two anesthesi-
ologists shifted the HWD upwards out of their visual field 
during a demanding manual task. However, both anesthe-
siologists stated that with more experience with the HWD 
they might feel more comfortable using it during anes-
thetic procedures.

Despite the distraction caused by the HWD, six anes-
thesiologists said that before the study they had been skep-
tical of monitoring patients with an HWD. After having 
used the HWD, five anesthesiologists said that they would 
like to further test or regularly use the HWD.

Table 3   Situations in which 
anesthesiologists based their 
actions on information of the 
head-worn display (HWD)

Description of the situation Anesthesiologist’s quote

The oxygen saturation of a patient dropped while she 
emerged from general anesthesia. The situation was 
detected by the anesthesiologist with the HWD before 
he was alarmed via phone and the patient could be 
extubated safely

There was one situation, in which I saw [on the 
HWD] that the oxygen saturation of a patient 
dropped to 80%. I immediately walked to 
this patient. When I arrived, the saturation 
already was back to a lower normal range 
and the junior anesthetist wanted to extubate 
her. This wouldn’t have gone well, because 
of remaining respiratory depression and 
sedation due to opioids and I decided to 
antagonize her first. […] And I have to say, I 
would have not been able to recognize it that 
fast [without the HWD] and if I hadn’t, we 
maybe would have had to reintubate her. It 
really helped me to anticipate and prevent a 
potentially critical situation

The systolic blood pressure of a patient was measured 
incorrectly. This was detected on the HWD and could be 
solved in the operating room

I called one operating room because [I saw 
on the HWD that] the blood pressure of 
one patient was odd and I said: “Hey, this 
blood pressure does not look right. It looks 
subdued. Your arterial line must be blocked. 
The systolic blood pressure is way higher.” 
He then flushed the catheter, and this was 
it [the problem]
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3.4 � Situation awareness improvements

The quantitative data showed that the anesthesiologists 
noticed a significantly larger percentage of patient alarms 
in the HWD condition, for a median [IQR] of 66.7% [53.1%, 
93.1%] compared with the control condition, 7.1% [4.7%, 
8.8%], P = 0.028. The anesthesiologists noticed more poten-
tially relevant information with the HWD than without the 
HWD (level 1 situation awareness).

The median [IQR] number of patient alarms occurring 
within the 3-h periods in the HWD condition, 42.0 [33.3, 
45.3] and in the control condition, 40.5 [34.5, 60.3] showed 
no significant difference, P = 0.753. The median [IQR] time 
required by the anesthesiologists to detect and report an 
alarm in the HWD condition, 4.07 s [3.26 s, 4.91 s] and 
in the control condition, 4.12 s [0.71 s, 6.63 s] showed no 
significant difference, P = 0.917.

The qualitative data are not sufficient to draw conclusions 
about level 2 and level 3 situation awareness. However, in 
the interviews all anesthesiologists stated that the HWD sup-
ported them in comprehending their environment (level 2 
situation awareness). Seven anesthesiologists said that they 
could make assessments more conveniently with the HWD 
than without it. For example, a supervising anesthesiolo-
gist received a phone call from one of the operating rooms 
with a question concerning the patient’s current status. He 
could answer the question by accessing the patient’s vital 
signs on the HWD, analyzing the situation and then giving 
his opinion. In addition, the fact that six anesthesiologists 
could infer the end of a procedure in an operating room from 
the absence of vital sign data on the HWD indicates that 
the HWD helped the anesthesiologists to understand their 
environment better. Finally, four anesthesiologists explicitly 
said that the HWD helped them “to understand what was 
going on [in the unit]”.

Seven anesthesiologists also stated that the HWD affected 
their future actions (level 3 situation awareness). For exam-
ple, anesthesiologists noticed the deterioration of vital signs 
on the HWD before alarm thresholds were crossed and 
thus could intervene at an early stage. One anesthesiolo-
gist explicitly said that the HWD helped him to anticipate a 
critical situation (Table 3).

4 � Discussion

Our study has shown that when supervising anesthesiolo-
gists wore an HWD that made patients’ vital signs continu-
ously available, it improved their awareness of alarms, com-
pared with relying only on the central surveillance monitor. 
The interview data revealed multiple situations in which 
anesthesiologists used the HWD to access information and 
make decisions. The quantitative data support the conclusion 

that the HWD improved level 1 situation awareness. How-
ever, solely perceiving patient alarms on an HWD is not suf-
ficient for attaining good level 1 situation awareness in the 
complex work environment of anesthesiologists. In fact, it is 
important for anesthesiologists to perceive as many relevant 
stimuli in the clinical environment as possible to know what 
is going on in the unit. The qualitative interview data con-
tain preliminary indications that the HWD might also pro-
mote level 2 and level 3 situation awareness. For example, 
anesthesiologists noticed or anticipated potentially critical 
situations because they could access alarms and vital signs 
on the HWD. Overall, we believe that HWDs could be a 
valuable addition to existing monitoring equipment, helping 
anesthesiologists to stay aware of patients’ status, to make 
informed decisions, to set priorities dynamically, and even 
to check the occupancy of the operating rooms.

Although the HWD improved situation awareness, it also 
distracted the anesthesiologists during demanding manual 
procedures. The problem may be caused by the auditory 
alarm signals rather than by the visual representation of the 
vital signs on the HWD, because sounds attract attention 
exogenously [22] and are thus harder to ignore. The distrac-
tion may be reduced by rotating the HWD display screen out 
of view during demanding procedures or by implementing 
an HWD-mute function that would disable all audio alarms. 
This might be crucial, as the distraction induced by the audio 
alarms might outweigh the situation awareness benefits of 
the HWD. To evaluate the quality of future HWDs with 
mute-functionality, it will be important to find ways to meas-
ure and compare the positive and negative effects of HWDs 
on situation awareness.

The study has several limitations. First, we did not meas-
ure situation awareness quantitatively using a standard 
method, such as the Situation Awareness Global Assessment 
Technique [8] or the Situation Present Assessment Method 
[23]. Both methods were considered too intrusive to use in 
a busy operating suite. The push-button was a relatively 
non-intrusive way to measure one aspect of the anesthesi-
ologists’ situation awareness (level 1 situation awareness). 
In principle, the anesthesiologists could have pressed the 
push-button whenever they heard an acoustic alarm from 
the HWD without further evaluating the alarm on the screen. 
However, this is unlikely the case because all anesthesiolo-
gists reported in the interviews that they did evaluate patient 
alarms on the HWD after noticing them. Second, the number 
of participants in the study was small. More participants 
could have contributed further observations and insights to 
the qualitative data. Third, the anesthesiologists may have 
noticed more alarms in the HWD condition in order to per-
form “well” in the study or because the HWD was novel 
and the anesthesiologists were motivated to use it. Fourth, 
the presence of the HWD in the HWD condition might have 
kept the anesthesiologists aware of their participation in a 
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study and reminded them to press the push-button when an 
alarm occurred. In other words, the HWD might have acted 
as a prospective memory cue [24] that was only available 
in one of the experimental conditions. In the control condi-
tion, anesthesiologists might have detected more alarms than 
they reported, but forgot to report them due to the missing 
prospective memory cue in form of the HWD. However, it is 
unlikely that the prospective memory cue had a major effect 
on the results. We analyzed precisely when the anesthesiolo-
gists reported alarms. The reports were evenly distributed 
over the whole period of the experiment. If the anesthesiolo-
gists had forgotten the instruction to press the push-button 
over the course of the experiment, the number of alarm 
reports would have significantly decreased over time, which 
was not the case. Wearing the push-button on their shirts and 
carrying the walkman sized transmitter might in themselves 
have been sufficient to remind the anesthesiologists of their 
task in the control condition, reducing the likelihood that 
wearing the HWD was a confounder.

5 � Conclusion

In conclusion, this study demonstrates that monitoring mul-
tiple patients with a mobile HWD is possible and could be 
a good addition to stationary central monitoring stations. 
The quantitative data collected during the study suggest that 
the HWD improved the anesthesiologists’ perception of the 
environment (level 1 situation awareness). The qualitative 
interview data contain preliminary indications that the HWD 
might also improve the anesthesiologists’ comprehension of 
the environment and projection into the future (level 2 and 
level 3 situation awareness). The HWD helped the anesthe-
siologists to make patient assessments and anticipate critical 
situations. The anesthesiologists found the HWD especially 
useful when they could not leave an operating room for a 
prolonged time or during patient treatment when the con-
ventional patient monitors were out of sight. On the other 
hand, the auditory alarms of the HWD distracted the anes-
thesiologists while they were performing demanding manual 
procedures.

Future research should investigate the influence of the 
HWD on level 2 and level 3 situation awareness in more 
detail and consider the potentially negative impact of many 
nuisance alarms on the HWD. Advanced display design will 
be required to prevent anesthesiologists from suffering alarm 
fatigue [25] and hardware that is more comfortable to wear 
is needed to allow prolonged use of the HWD. Furthermore, 
we must analyze how the HWD affects the work of the anes-
thesiologist’s colleagues and patients so as to avoid unin-
tended consequences in the complex socio-technical system 
of the operating suite. Overall, the present research lays a 
foundation for more advanced HWD based multiple-patient 

monitoring applications to support supervising clinicians’ 
situation awareness and to investigate ways to minimize 
unwanted distraction.
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