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ABSTRACT
Due to demographic changes, a lack of medical expertise
in special and rare cases may occur. One possible solution
to overcome this deciency is the use of a teleconsultation
system. This system allows to remotely connect a medical
expert. New technology developments, like AR-technologies,
enable advanced and new applications of those systems. The
present paper describes the results of expert interviews re-
garding attitudes towards and requirements for an AR-based
teleconsultation system for telemedicine. The interviews
were conducted with emergency doctors and paramedics
already using a consultation system for telemedicine. Our
aim was to gain insights into their attitudes towards and ex-
periences with the current system, their requirements for an
AR-based teleconsultation system as well as their attitudes
and valuations towards the use of an avatar within such a
system. Another focus of our study was on possible inu-
ences of such a system on the patient-paramedic-interaction.
The interviews were recorded, transcribed and analysed us-
ing qualitative content analysis. The results were used to
derive initial requirements for a new AR-based teleconsul-
tation system and to gain a better understanding of users’
needs. Results are discussed in the light of an early stage
in the development process. According to the approach of
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human centred design, the results serve as initial ndings
which will be considered in the further development process.
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1 INTRODUCTION
It is presumed that due to demographic changes rural ar-
eas in Germany will experience limited medical care [5]. In
emergency care, the paramedics may not have experience on
how to deal with every appearing situation, such as complex
situations or the treatment of patients with rare illnesses.
In those cases, where important decisions must be made,
the consultation of an emergency doctor is necessary. When
no emergency doctor is directly available, contacting a re-
mote expert, a tele-emergency doctor, via a teleconsultation
system may be an approach to solve this problem.

An example where accurate and fast decisions are crucial
are multiple-casualty incidents (MCI). In a rst step, every
injured must be triaged, including the assessment of their
physical state and the assignment into categories to priori-
tise further treatment. Furthermore, own actions must be
coordinated with reghters and the whole rescue team. Un-
experienced paramedics may be overwhelmed and stressed
by the situation, which may negatively inuence their diag-
nosis and treatment of the patients. Thus, an external expert
guiding them through the process may be helpful. Currently
existing teleconsultation systems, however, mainly focus on
audio and video communication [8], which makes it dicult
for the remote expert to get a clear picture of the situation
and the patients’ status. Furthermore, stationary cameras
are only available inside the ambulance and their position
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can only be changed, if at all when instructed by the tele-
emergency doctor [3]. Cameras outside of the ambulance
combined with bi-directional communication, both verbal
and visual, would be benecial for guidance. Then, the re-
mote expert could explain the handling of an ultrasonic de-
vice, for example, or guide the local paramedics through a
process [7]. Furthermore, patient annotation is possible [1].
A head-mounted display connected to the camera system
could provide this information.

Advances in virtual and augmented reality (AR) and faster
and more stable internet connections allow new teleconsul-
tation systems to emerge overcoming these shortcomings -
so-called tele-presence systems [2]. There, users can immerse
into a distant location, while wearing data glasses, choose
an individual camera position and move freely through the
crash site. A study using a 3D-proxy in emergency trauma
care found hints that this technology leads to better treat-
ment [6].
In our project, we want to develop an AR-based telecon-

sultation system which can be used in emergency medicine,
where guidance by an experienced tele-emergency doctor is
needed to improve patient treatment.
Since such a system requires paramedics to wear data

glasses, such as the HoloLens, it is important to explore the
impact of these glasses on patient-paramedic communica-
tion and possible distraction by the increased amount of pre-
sented information. Furthermore, the use of AR-technology
oers a lot of new opportunities for the design of a telecon-
sultation system, such as the use of an avatar.

In this investigation, we aim at exploring experts’ attitudes,
experiences, and opinions about an AR-based teleconsulta-
tion system, which includes the use of an avatar to develop
design guidelines and product requirements.

2 METHODS
We conducted semi-structured expert interviewswith paramedics
and emergency doctors already using a teleconsultation sys-
tem in Aachen, Germany. Our aim was to explore their ex-
periences and valuations with the current system as well as
their attitudes and ideas of an AR-based teleconsultation sys-
tem. The examination has an exploratory character, implying
that we neither perform any statistical tests nor formulate
any hypotheses.

Participants
The sample consisted of eight participants, ve (three male,
two female) of them being tele-emergency doctors and three
male paramedics working with the teleconsultation system.
Six interviews were conducted in Aachen personally, two in-
terviews were conducted via telephone. The tele-emergency
doctors have been working in that position for 3.5 years (SD
= 1.73) on average. Four of the interviewed tele-emergency

Table 1: Thematic subdivision of the interview and asked
questions in short form

Topic Questions
Experience with current When is system used?
teleconsultation system Strengths/weaknesses?

Commonly/rarely used features?
Requirements for Potential for your work?
an AR-based Required functionalities, e.g.
teleconsultation system regarding diagnostics,

invasive measures?
Avatar Working together with avatar

imagineable?
Patient-paramedic Inuence of AR on patient-
interaction paramedic communication?

Patient-friendly system usage

doctors were specialists for anaesthetics, and one working as
a researcher in the eld of anaesthetics, emergency medicine,
and intensive care. The three paramedics have been working
as paramedics for 17 years (SD = 12.49) on average. Two of
them have been in that position for 27 and 21 years, one of
them for three years. Two of the interviewed paramedics
have been working with the teleconsultation system for ve
years and one of them for three years. Regarding partici-
pants’ age, we do not have complete information. For their
participation, the participants received an Amazon voucher
worth 20 euros.

Procedure
Participants were rst welcomed and informed about the ob-
jectives of the project, their rights as participants, the further
handling of the collected data and recording of the interview.
The following interview consisted of four parts: requirements
for and experience with the current system, expectations and
requirements for an AR-based teleconsultation system, atti-
tudes towards an avatar and patient-paramedic-interaction.
Table 1 shows the thematic subdivision and asked questions
in short form.

Data analysis
All interviews were transcribed using the clean read method,
where the spoken words are transcribed verbatim, but mod-
ied in such a way that ller words are omitted. The tran-
scripts were coded in MAXQDA (version 12.2.1.), a software
tool that enables the structuring of text material, as well as
the coding and counting of statements. The evaluation proce-
dure was based on the qualitative content analysis, following
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Table 2: Extracted categories regarding experience with the
current system and number of responses given by tele-
emergency doctors and paramedics

Category Subcategory Mention∑
TED PM

Application Hypertension 7 4 1
scenarios Intoxication 4 1 2

Strokes 5 4 1
Pain medication 13 5 3
Infections 1 1 0
Heart attack 6 2 3

Strengths Focus on facts 3 1 2
Knowledge exchange 14 5 3
Therapy free interval 18 4 3
Mental support 10 3 2
Savings of resources 6 3 1
Time savings 12 5 2
Checklist 8 4 1

Weaknesses Only audio canal 7 2 2
Video only in ambulance 6 4 1
Technical diculties 7 2 2

Commonly Smartphone 6 3 2
used features Headset 6 2 3

Vital data transmission 4 4 0
Rarely used GPS data transmission 1 1 0
features Camera 14 5 1

a mixed approach combining deductive and inductive cate-
gory formation [4]. Four coding systems were generated in
the course of the analysis based on the interview topics. The
text material was incorporated into the coding system step
by step. When necessary, the corresponding categories were
revised and adapted to represent the content. In order to en-
sure Intercoder Reliability, the categorisation of the material
was rst carried out by one person and then double-checked
by another person.

3 RESULTS
During the analysis of the text material, categories were
extracted according to the topics of the interview manual.
Tables 2-5 show the statements assigned to the categories
distinguishing between the perspective of tele-emergency
doctors (TED) and paramedics (PM).

Experience with the current system.
When asked about their system usage, participants named
medication, such as high blood pressure, intoxication and

pain medication. Also, they reported to use the system when
diagnosing a heart attack or strokes.

As a strength of the current system, the interviewed men-
tioned the non-presence of the emergency doctor. Since the
doctor is not physically around, they must focus on data and
facts. Participants argued that exactly this focusing on facts
makes work eective. Another advantage is the exchange of
knowledge, especially when a second opinion is needed or
questions about the ECG or the diagnosis arise. In this con-
text, participants also named mental support provided by the
tele-emergency doctor as a strength of the system. Accord-
ing to the participants, the tele-emergency doctor provides
a sense of security in situations of uncertainty. Likewise, the
respondents saw a benet of the system in the exchange of
organisational things, e.g. the selection of the most suitable
specialist clinic or queries at the Poison Control Center. An-
other reported strength was the so-called bridging function
of the system: the tele-emergency doctor helps to initiate
rst medical measures in emergencies while the physical
emergency doctor is on the way. Furthermore, resource and
time savings were named: the consultation system makes
the emergency physician resource more available, especially
in rural regions faced with longer journeys or only a few
emergency physicians available. Furthermore, the structured
procedure with a checklist was highlighted positively and
described to be eective.
Regarding the weaknesses of the system, some intervie-

wees mentioned the audio communication. It was reported
that pure audio communication is sometimes not clear enough
and further information could be helpful. In this context, it
was also reported that there is only a camera in the ambu-
lance. Thus, everything happening outside is not visually
apparent to the tele-emergency doctor. Here, some respon-
dents asked for visual support outside of the ambulance. The
camera in the ambulance rarely provides any additional rele-
vant information and the consultation of the tele-emergency
doctor usually takes place outside the ambulance.
In terms of technology, some respondents saw a weak-

ness of the system in the reliability of the cellular network.
Regarding frequently used components, the respondents in-
dicated the smartphone, the headset as well as the vital data
transmission. As for the smartphone, some respondents em-
phasised the function of sending photos. The headset allows
the hands to be free and the vital data allows close monitor-
ing of the patient. According to the interviewees, the less
commonly used components include GPS data transmission
and the camera mounted in the ambulance.

Requirements and expectations on an AR-based teleconsul-
tation system.
With regard to the use of an AR system in telemedicine,

614



MuC’19 Workshops, Hamburg, Deutschland Budde, et al.

Table 3: Extracted categories regarding expectations on an
AR-based teleconsultation system and number of responses
given by tele-emergency doctors and paramedics

Category Subcategory Mention∑
TED PM

Application Training paramedics 1 0 1
scenarios rare/special cases 5 3 0

MCI 7 2 2
Requirements Manual turning-on camera 2 1 0

Information presentation
- Checklist 2 0 1
- Marks 6 1 1
- Paramedics’ view 15 5 3
- View on hands 1 1 0
- Display of data 5 3 1
- Reduction of head turns 6 3 2
- Co-determination of
perspective 4 3 0
Technical quality 4 3 2
Integration in workspace 7 3 1

Diagnostics Ultrasound meaningful 3 2 0
Tube thoracostomy negative 10 3 1
positive 16 4 1

respondents mentioned a potential in rare or special cases.
Specically, respondents referred to missions that are un-
likely to occur or situations where life and death are involved.
Within this category few concrete examples were mentioned,
one being a MCI, where the use of such a system could be
imagined. Here, the use of the system outside the ambulance
was highlighted. In addition, one respondent mentioned that
such a system could be used as a training tool for the am-
bulance service personnel. As a request to an AR-system
for telemedicine, some respondents named the manual on-
demand connection, a feature of the current system. It was
also added that both sides should be informed about the
activation of video transmission and coordinate this step
together. Further requirements were formulated regarding
the display or presentation of information. Here, some inter-
viewees could imagine a procedural protocol or step-by-step
instructions. Furthermore, the respondents mentioned that
displaying markers is helpful. During invasive measures, for
example, the tele-emergency doctor can show the paramedic
where to start.

In addition, the interviewees saw potential in seeing events
from the point of view of the paramedic and seeing the

Table 4: Extracted categories regarding attitudes towards
avatars and number of responses given by tele-emergency
doctors and paramedics

Category Subcategory Mention∑
TED PM

Attitude Tests needed 4 2 2
Uncertain 11 3 3

Concerns Morphology 2 2 0
Additional eort 6 3 1
Distraction 9 2 2

Potential 8 2 2

hands of the paramedic in order to better guide. Also dis-
cussed was the introduction of vital parameters or physi-
ological data, such as saturation or heart rate within the
data glasses. However, the interviewees noted the danger of
the tele-emergency doctor getting sick if he must watch the
paramedic’s head turns. On the part of the tele-emergency
doctors, a co-determination of the perspective was discussed
and described as a meaningful feature. Respondents also de-
scribed the importance of good transmission quality and the
t between the working environment and other information.
As there are already many technical systems available, any
additional component must bring extra value.

The interviewees estimated an AR system in preclinical di-
agnostics for ultrasound applications to be useful. However,
it was emphasised that the eort of instruction is very high
and fast transport to a hospital could be more eective. With
regard to invasive measures, such as a tube thoracostomy,
respondents saw the potential as well as negative aspects.
Negative aspects include the issue of the respondents’ lia-
bility and the tele-emergency doctor not being on-site for
corrective action in case of a complication. Potential, how-
ever, was seen by some respondents in rare and emergency
situations.

Attitudes towards avatars.
The respondents were generally open to the use of an avatar
in telemedicine (see Table 4). However, it emerged that many
participants found it hard to imagine the concrete implemen-
tation. They pointed out that tests are necessary to see if the
use of an avatar works.
Regarding concerns, a tele-emergency doctor stated the

importance of a t between the mimic and gestures of the
avatar and the speaker’s emotional state. As an example,
he mentioned that the avatar must not look friendly while
giving an instruction forcefully. Furthermore, there were
concerns regarding a potential additional eort. The use
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Table 5: Extracted categories regarding eects on patient-
paramedic-interaction and number of responses given by
tele-emergency doctors and paramedics

Category Subcategory Mention∑
TED PM

Requirements Potential problems 8 3 2
Unproblematic 5 3 1

Patient-friendly Design 5 2 2
system usage Confusion with PC game 8 2 3

TED visible for patient 3 3 0
Discreet system use 5 2 0

of an avatar should not lead to more work or stress. Some
interviewees pointed out that the avatar could be another
distracting stimulus to focus on and experienced colleagues
could nd the avatar annoying. The reason given for this
was that the avatar could interfere with the routine learned
so far. There were also statements on the potential benets
of an avatar. In particular, the interviewees discussed the
heightened sense of presence. Both paramedics and physi-
cians thematised that an avatar might provide a sense of
security. An emerging construct was the improved guidance
of inexperienced colleagues through an avatar.

Eects on patient-paramedic-interaction.
Regarding the question of the inuence of the AR system on
the patient-paramedic-interaction, respondents mentioned
potential issues related to the increased use of technology.
Interviewees were concerned that paramedics communicate
more with the technology than with the patients. Concerns
were voiced that patients may feel excluded by the commu-
nication between the tele-emergency doctor and paramedic.
Conversely, the respondents stated that communication be-
tween tele-emergency doctor and paramedic is often un-
noticed and highly accepted by the patients. Some respon-
dents even reported that some patients waved to the tele-
emergency doctor after turning on the video camera. Fur-
thermore, respondents indicated that the system should be
patient-friendly: data glasses should not have darkened or
mirrored glasses and should not be too big either. Rather, they
should be unremarkable. In addition, it was argued that the
system should be designed in a way that it does not remind
of entertainment products or the systems used in the gaming
industry. It should not generate the impression of a com-
puter game either. In addition, there were considerations to
make the tele-emergency doctor visible to the patient, either
via video screen or data glasses for the patient. Educating
patients about the system and its features, components, and

capabilities was named as a key component by respondents.
Also, the possibility to do this medially was mentioned. In
addition, it was considered benecial to interact with the
patient using the system discreetly in the background.

4 DISCUSSION
The aim of this investigation was to gain insights into users’
attitudes, valuations and perceptions to derive requirements
for a new AR-based teleconsultation system. The current
system is regarded as benecial; drawbacks include the cam-
era mounted in the ambulance which is not used very often
since it does not provide any additional information. Users
wish to have a camera system outside of the ambulance and
more information available than just speech. Using an avatar
was seen as potentially benecial and hints on how to im-
prove the patient-paramedics-interaction were given. The
following sections sum up the requirements on an AR-based
teleconsultation system for emergency medicine we derived
from the interviews.

General requirements for anAR-based system in telemedicine.
As there are already many technical systems available within
the current setup, any additional component must bring an
extra value. Furthermore, the presentation of information
as well as the additional components must not lead to an
overload or distraction of the user. Since fact-based working
and knowledge exchange was highlighted as benecial, an
AR-based system should provide according features. Also, it
may be considered to oer new camera perspectives and the
ability to choose the perspective individually.

Requirements for an AR-based system for telemedicine con-
cerning the use of an avatar.
According to the interviewees, it is important that the avatar’s
appearance as well as mimic and gestures t to what the
speaker wants to express. The avatar should not lead to
more stress or workload. In addition, the avatar must not be
perceived as another distracting stimulus and thus should
be designed as adaptive as possible to not interfere with
the users’ needs and routines. If needed, the avatar should
provide a sense of security. The interviews show that an
implementation of an avatar must be tested with a proto-
type rst and then iteratively adapted, using a user-centred
approach.

Requirements for an AR-based system for telemedicine con-
cerning the patient-paramedics-interaction.
According to the interviewees, the system must be designed
in a manner that it does not make the patient feel uncomfort-
able or excluded due to the interaction between paramedic
and tele-emergency doctor. The glasses of the data glasses
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should neither be darkened or mirrored nor too big. Ac-
cording to the respondents, an unobtrusive design is to be
preferred, which limits the risk to decrease the seriousness
of the system.

5 LIMITATIONS, FUTURE RESEARCH AND
CONCLUSION

In general, it should be noted that this investigation was car-
ried out at an early stage of the development process, without
having a prototype yet and without showing data glasses.
This circumstance does not allow the participants to imagine
a concrete system, calling for a cautious interpretation of the
ndings. Nevertheless, initial impressions could be recorded
and system design requirements derived, which will be taken
into account and scientically veried in the further devel-
opment process. The next steps include the use of mock-ups
and prototypes to be presented to the users and gather their
opinions when wearing a HoloLens. An aspect which should
be given a closer look is the inuence of the concrete sys-
tem design on the patient-paramedic-interaction. Also, the
impact of an avatar on eectiveness of teamwork should be
further investigated. Moreover, the acceptance and usability
of the system components should be taken into account. As
the interviewees mentioned that they could imagine taking
the perspective of the paramedic through data glasses, it
should be evaluated how such a feature should be designed
in order to be eective and useful. Altogether, it appears that
in the context of AR-based systems for telemedicine there
are a lot of open research questions as well as potential elds
of research. Nevertheless, the current study could give hints
to improve the development process of our project and to
gain initial insights into users’ needs.
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