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Figure 1: Artistic rendering of ARTEMIS and its features. Left: a Novice Surgeon in Augmented Reality receiving help from a
remote expert. Right: a Remote Expert Surgeon in VR interacting with a 3D point-cloud of the patient, and engaging with the
novice on a surgical procedure.

ABSTRACT
Traumatic injuries require timely intervention, but medical exper-
tise is not always available at the patient’s location. Despite recent
advances in telecommunications, surgeons still have limited tools to
remotely help inexperienced surgeons. Mixed Reality hints at a fu-
ture where remote collaborators work side-by-side as if co-located;
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however, we still do not know how current technology can improve
remote surgical collaboration. Through role-playing and iterative-
prototyping, we identify collaboration practices used by expert
surgeons to aid novice surgeons as well as technical requirements
to facilitate these practices. We then introduce ARTEMIS, an AR-VR
collaboration system that supports these key practices. Through
an observational study with two expert surgeons and five novice
surgeons operating on cadavers, we find that ARTEMIS supports
remote surgical mentoring of novices through synchronous point,
draw, and look affordances and asynchronous video clips. Most
participants found that ARTEMIS facilitates collaboration despite
existing technology limitations explored in this paper.
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1 INTRODUCTION
Whether from car accident, gunshot wound, or traumatic injury
due to natural or man-made disasters, trauma often requires timely
life-saving interventions; however, the expertise required to per-
form these actions is not ubiquitously present even within �rst
world medical care systems. In situations where medical expertise
or facilities are not available locally, surgeons rush to perform life-
saving interventions that stabilize patient vitals before transferring
the patient to a specialized surgical facility. When local surgeons
lack the expertise to perform these life-saving interventions, they
rely on remote guidance from expert surgeons through telemen-
toring. Unfortunately, current telementoring systems limit how
remote experts can guide and collaborate with local, inexperienced
surgeons.

Telementoring is the use of information systems to provide real-
time remote guidance to an inexperienced surgeon from an expert
surgeon [4]. Today, telementoring systems typically require expert
surgeons to instruct novice surgeons by annotating a live video feed
of the surgical environment. Remote experts have to map actions
they would normally express through gestures and actions into lim-
ited video-based interactions and verbalization. Novices operating
on the patient have the extra burden to map instructions from a
nearby screen to the operating �eld, with increased possibilities to
make mistakes in the process [8].

Mixed Reality (MR) technology enables the creation of remote
collaboration experiences where participants can interact with re-
mote collaborators more naturally [6]. The space of remote col-
laboration in MR has seen a lot of promising works with a focus
on training [11, 20, 58] and, more recently, also on telementoring
projects [4, 52].

In this work, we build upon existing works and take a human-
centered approach to designing a surgical telementoring system.
Through role-playing sessions with US Navy surgeons and iterative
prototyping, we gain insight into the features of MR that are useful
in surgical and collaborative applications. Based on the communica-
tion needs of expert surgeons, and on novice surgeons' constraints,
we designed ARTEMIS, a collaborative mixed-reality system for
immersive surgical telementoring.

ARTEMIS is the �rst surgical telementoring system to give ex-
perts an immersive VR operating room where they can use gestures
and 3D annotations on a 3D reconstruction of the patient's body to
guide novice surgeons in Augmented Reality. ARTEMIS intuitive
AR experience allows local surgeons to focus on the patient and

the tasks at hand, rather than having to interact with complicated
AR interfaces.

Overall, this paper introduces three key contributions to the
human-computer interaction, surgical innovation, and user inter-
face software and technology research space:

� ARTEMIS's design process, including software artifacts that
facilitated our technology exploration

� The development of ARTEMIS: a real-time, mixed reality
collaborative system for telementoring surgical procedures

� An initial qualitative evaluation of ARTEMIS through man-
nequin and cadaveric subjects

2 RELATED WORK
ARTEMIS is inspired by previous works that use Mixed Reality
as a medium for remote collaboration. This section summarizes
recent advances in Mixed Reality and telementoring. Throughout
this paper, we use the term Mixed Reality to represent the the spec-
trum of technologies ranging from Augmented Reality to Virtual
Reality [39].

2.1 Collaboration in Mixed Reality
Studies show that participants collaborating onphysical tasksover
video usually under perform relative to participants that are collab-
orating side-by-side [28]. Unlike video systems, collocated collabo-
rators can see and understand spatial relationships between each
other, the task, and the environment. They use shared visual infor-
mation to communicate more e�ectively through a combination of
verbalization, gestures, and actions [21].

The continuous development of Mixed Reality input and display
technology has been addressing the limitations of video communi-
cation by introducing support to key components that make side-
by-side collaboration e�cient: hand gestures [2, 49], sketches [23],
annotations [11, 20, 38], real-time representations of a remote envi-
ronment [12, 30, 46, 57], gaze [1, 12], shape of remote objects [30],
collaborators as avatars [50], virtual replicas of task object [41],
haptics [13], and more [32, 58].

These works provide a range of contributions, from enabling
technology [46] to user evaluations of new interfaces [41] to new
interaction modalities [50]. They approach remote collaboration
from arti�cial domains, environments, tasks, and people in the en-
vironment to uncover general principles, but, as pointed out by Ens
et al. [16], we need a more speci�c distillation of these principles
in order to apply them to a speci�c domain (in this case, trauma
surgery). For example, both remote laparoscopic procedures in prac-
tice [26] and studies like the ones by Fussell et al. [18] are based on
a system where a mentor can annotate a live video of the mentee's
task space; yet, communication in the robot-building task proposed
by Fussel et al. [18] shares little resemblance to what is communi-
cated in laparoscopic surgery [17]. Thus, while the interface in [18]
leads to faster performance and better coordination between men-
tor and mentees, it can lead to mistakes and misunderstandings in
a laparoscopic environment [53].

In our work, instead of adapting physical-collaboration systems
such as Microsoft Remote Assist [38] and LOKI [58] to the sur-
gical domain, we take a step back to better leverage the existing
remote collaboration literature, and understand its limitations and
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unique uses in surgery. We involve surgeons in the design process
and explore the use of di�erent enabling technologies (including
Microsoft Remote Assist) through a design exploration grounded
in participatory design techniques such as role-playing [56] and
body-storming [47].

2.2 Telementoring in Mixed Reality
The domain of telementoring has greatly bene�ted from advances
in telecommunication technologies [40]. In a conventional tele-
mentoring scenario, a senior or �expert� surgeon coaches a novice
surgeon through a video stream. A common drawback for this
conventional telementoring approach is that it requires novice sur-
geons to memorize the instructions (e.g., the position length and
orientation of annotations) received on the display to perform them
on the patient. This continuous focus in shift from patient to nearby
tablet and back causes cognitive overload and potentially surgical
errors [7].

Similar to the general remote collaboration literature, the intro-
duction of Mixed Reality in telementoring aimed at overcoming
drawbacks of conventional telementoring. STAR (2016) [3, 4] uses a
tablet display between the novice surgeon and the patient body and
prevents unnecessary focus shift by showing instructions directly
over the surgical �eld. However, these tablet displays can only rep-
resent a �at image (no depth or 3D cues); thus, more recently, a
new version of STAR (2018) [31, 51, 52] was introduced to provide
novices with a head-mounted display so that they can have stereo
view (depth cues) of annotations and instructions on the patient
body. Situated instructions are known to increase procedural adher-
ence as well as decrease execution times [25]. A key limitation of
all STAR systems is that the expert surgeon sees and annotates the
patient view on a �at monitor. These annotations then sit �at onto
the patient as the expert surgeon is unable to give them a custom
depth, required for example, to show the depth of an incision.

As we detail in the next section, surgeons annotating a 3D
body need 3D annotations that they can shape freely with their
hands. ARTEMIS builds on previous research to combine not only
a novel 3D(expert)-3D(novice) annotation interface, but also to
introduces non-verbal communication channels that bring telemen-
toring closer to situated mentoring (e.g., gestures) and even improve
upon it (e.g., procedure videos).

3 DESIGNING A MIXED REALITY
TELEMENTORING SYSTEM

To design a collaborative mixed reality platform for surgery, we
need to address two problems. First, we must understand how ex-
pert surgeons mentor inexperienced surgeons - their approach,
their goals, and their unaddressed needs. Second, we need to under-
stand how di�erent MR interfaces can support their activities. Both
problems are highly contextual and experiential. Moreover, the
usefulness of an MR collaboration interface for a speci�c scenario
might depend on various contextual and environmental factors.

To take into consideration the environment and the medical
procedure, and to better understand user needs, we broke down
our design process into two phases. (1) A role-playing phase in a
mock-up surgical environment, and (2) An iterative prototyping

Figure 2: Our mock-up operating room (left) and o�ce en-
vironments (right). In the left picture, we see a video frame
from one of the role-playing sessions. In it, the expert enacts
a cricothyrotomy on a medical mannequin while designers,
developers, and other stakeholders engage in participatory
design. In the right picture, we see the expert's o�ce space
with a number of paper and digital tools that we used to ex-
plore how experts would interact with the novice surgeons

phase where experts performed procedures on mannequins and
cadavers.

3.1 Role-playing in a mock-up operating room
To better understand how experienced surgeons mentor inexpe-
rienced surgeons as well as to received feedback on the use of
MR interactions in a trauma telementoring situation, we invited
seven domain experts (4 surgeons and 3 operating room technol-
ogy specialists) to participate in four role-playing [56] sessions. To
contextualize the role-playing sessions, we simulated emergency
procedures on a mannequin in a mock-up operating room (Fig. 2.
left).

Each session was composed of two stages. First, we asked an
expert surgeon to walk through an emergency procedure while
they enacted it on the simulation mannequin. This allowed us to
observe how mentors make sense of what they do � how they
make decisions, how they communicate surgical steps to the novice
surgeon, as well as what expectations they have from the novice
surgeon. During this �rst stage, we asked questions to help us
understand the speci�cs of the procedure as well as the speci�cs of
their mentoring approach for that procedure. Then, in the second
stage of the role-playing session, we invited experts to try existing
MR applications and interfaces. We tested customized prototypes
based on our observations as well as existing tools such as Microsoft
Remote Assist [38]. This happened on an isolated part of the room
where experts were unable to see the mannequin in the mock-up
OR but were still able to talk to the designer who acted as a novice
surgeon (Fig. 2. right). Finally, given our experts' backgrounds
in battle�eld care, we selected three commonly used procedures
in military emergency scenarios [9, 10]: needle decompression, leg
fasciotomyandcricothyrotomy. While we could not actually perform
each procedure on our medical mannequin, we were able to walk
through di�erent stages of the procedure through printed images
of a surgical video (i.e., each image showed a di�erent stage of the
procedure).

Role-playing is commonly used in the design of interactive sys-
tem as it can help users, designers and developers communicate
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needs and constraints. Hence, we also used these role-playing ses-
sions as an opportunity to involve other team members as well
as operating room technology specialists from the same hospital
where we later deployed ARTEMIS. The most interesting results,
however, were found in the sessions with four surgeons (S1-S4) .

In the remainder of this section, we report on our analysis of
these role-playing sessions; our goal is to answer three key ques-
tions related to expert surgeons (tele)mentoring novice surgeons:
1) How do mentors guide mentees?2) How much information does
the mentor need from the mentee side?3) What do mentors want to
show to mentees?

3.2 How do mentors guide mentees?
In a common,co-located situation, experts stand side-by-side with
a novice surgeon as the novice surgeon operates on the patient
(or cadaver). Novices are expected to have basic surgical skills,
but often are unsure about the speci�cs of the procedure they are
performing � �where I put the needle, where do I make the incision,
how do I put the tube in�[S1]. Thus, experts chime in to explain to
novices how to �nd the incision location, how to make the incision,
and how to use other tools required by the procedure (e.g., tubes
and clamps). To �nd the location of an incision, surgeons rely on
anatomical landmarks - known body features - as well as touching
and feeling the patient. According to the surgeons we interviewed,
for many procedures, the hardest part of the procedure can be
�nding out where to make an incision. In a cricothyrotomy, for
example, surgeons hold the patient's chin with their left hand and
probe the neck with their thumb to �nd a soft spot where the
incision will be made.

After �nding the location of the procedure, expert surgeons then
proceed by showing novices the landmarks and marking paths
where novices should make incisions with a skin marker. Finally,
if the novice needs to use a specialized tool, the expert surgeon
demonstrates how to use the tool by mimicking the motion and
maneuvering of the instrument above the patient. Mentoring styles
vary as experts may stand side-by-side with novices [S4] or across
the table from them [S3]. In the unlikely scenario a novice is unable
to replicate instructions, some expert surgeons move the novice to
the side, position themselves in the same location as the novice, and
then enact the procedure from where the mentee should perform it
(�I move that person away to show them how to do it right (and not
do it)�[S3]).

3.3 How much information does the mentor
need from the mentee side?

During role-playing sessions, we approached this question in two
ways. First, as experts walked us through the di�erent steps of a
procedure, we asked them what information they used to make
procedural decisions. We also asked them how they would be able
to make a decision without that information. Second, in the techno-
logical exploration part of each role-playing session, we had them
interact with existing AR and VR technology to help us understand
how existing applications could support their e�orts. In this short
subsection, we summarize both �ndings.

First, as highlighted in the previous section, surgeons use a com-
bination of touch and visual landmarks to locate the part of the

body where they will operate. Unfortunately, we still lack technol-
ogy that can accurately sense and replicate pressure, temperature,
and other haptics in a sterile environment. Hence, we focused our
research on visual tools. This restriction to the visual �eld may
seem limiting, but it allowed us to further investigate alternative
ways of displaying patient/procedure speci�c information in MR.

In the technological exploration, part of our role-playing sessions,
we presented experts with various ways of seeing what the novice
sees:

(1) A �rst person view from the novice's augmented reality
headset.

(2) Multiple wide-angle and close-up views of the operating
room, including a top-down view of the patient (See monitor
setup on the left side Figure (2).

(3) A static 3D model of the mannequin.

For the �rst person view, we used a Microsoft HoloLens 1 and
its internal live-streaming application. Due to processing power
limitations, the video quality lowers and becomes �blocky�1 during
sudden camera movements. Moreover, the resolution is consid-
erably low (1216x684) if compared to a modern cellphone video
camera (1920x1080). The other cameras consisted of Intel RealSense
cameras and a Microsoft Kinect (v2) for the top-down view. For the
static 3D model, we used a custom model of our mannequin in a
Virtual Reality application on an HTC Vive headset.

First-Person View : �All I want to see is what they're seeing.�[S3].
Unsurprisingly, all experts valued seeing exactly what the novice
is seeing. S4 elaborates on possible reasons: For procedures such as
leg fasciotomy, for example, after the �rst incision, novice surgeons
get so close to the leg that any external camera looking from behind
or from the top would be occluded by them.�As a mentor, I would
want a very good view of where they are retracting� [S4](and only a
video stream from the novices' perspective can show that).

External cameras looking at the patient body : When away
from the mock-up OR, experts relied mostly on the �rst-person view.
However, S4, after observing the �rst-person view feed for a while,
said that the video stream was�choppy� and that he would like the
�ability to see what is happening in the room, even around the learner.�
As pointed out before, one of the technical limitations �rst-person
view cameras is that as the novice surgeon moves around, the video
stream both bounces with head movements and can decrease in
quality (due to compression artifacts). When discussing possible
locations for cameras, S4 mentioned the possibility of having a
camera on wheels that an assisting nurse would be able to move
around and re-position for per-procedure perspectives.

3D representation of the patient body : Most MR collabora-
tion systems available at the time represented the novice's space on
a �at screen (e.g., Microsoft Remote Assist [38, 52]). Before develop-
ing a real-time 3D reconstruction system, we wanted to understand
whether or not surgeons would be interested in interacting with
a 3D representation of the body in Virtual Reality. Overwhelming
feedback on the reconstruction was positive, provided it was in real
time and clear enough to show more than just gross anatomy (�It
would be important for the model of the patient to show the opened up

1A visual artifact of the video codec used to compress the video stream
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leg� [S4]). Crucially, the three-dimensional representation would
also allow for three-dimensional annotations.

3.4 What do mentors want to show to mentees?
Modern telementoring and remote collaboration systems augment
the communication stream with deictic annotations. STAR [15, 31],
for example, allows expert surgeons to annotate the novice's video
stream or physical space. This allows them to highlight speci�c ob-
jects as well as describe actions [18]. Recent works, however, have
shown that combining two or more visual cues such as gestures
and annotations can have a signi�cant positive impact on remote
collaboration tasks [27]. In our role playing sessions, we wanted to
understand which visual cues could lead to better surgical collabo-
ration between mentors and mentees. From the expert surgeons'
perspective, this section answers the following questions: What
would help you best when guiding a novice surgeon? Do you need
to bring in external content such as surgical videos or 3D anatomy?
Should novices see virtual surgical tools? Where should novices
see guidance information? This section summarizes this design
exploration.

Pointing and sketching . �I want to be able to do two things. I
want to be able to point and say: 'this is your septum'. And then I
want to be able to draw a line, like this, and say: 'make your incision
here'. (...) [S3]. Building upon their approach of showing anatomical
landmarks and then marking incision lines, experts wanted the
system to a�ord a similar approach. S4 envisioned pointing with
his �ngers while S3 suggested the use of virtual pointers, similar to
a thin pencil.

Hands and gestures. Hands and gestures play a key role in
how experts communicate what to do next in a surgical procedure.
�now just lift that up and just gently spread like this�([S3] while
gesturing what to do)�I would want them to be able to see this�.
Experts not only use hands to point at a speci�c location on the
patient's body, but they also use gestures to enact di�erent steps
of the procedures. This behavior was consistently observed even
when experts were not mocking the procedures. S2, for example,
was enacting the procedure with his hands while narrating out
loud.

Overall, a virtual representation of hands can provide great ver-
satility to surgeons as they use their hands to point, to demonstrate
hand positioning/angling, to mimick tool behaviors (e.g. clamps
and scissors), and to quickly enact di�erent ways of performing
the same procedure (e.g.,�Being able to show hands would be very
helpful with the dissection as well, because for blunt dissection there
are a lot of ways of doing it�, showing with their hands di�erent
ways of doing a blunt dissection).

As we spent more time with the surgeons we realized how critical
these gestures were, not just because of their ability to show tool
approaches and positioning techniques, but because surgery is
fundamentally a physical act that cannot be easily verbalized. Many
procedures rely on experts' tacit knowledge along side their strong
understandings of both spatial layout and physical properties of
anatomy. These understandings are di�cult to convey verbally, but
can be more easily communicated through physical gesturing.

Annotations in 3D . In the telementoring scenario, annotations
allow experts to communicate the location and length of incisions.
A important aspect of annotations for telementoring is the ability to
communicatedepthby drawing them in three-dimensions (�It's hard
to show you on a non-three-dimensional thing.�[S3, while explaining
leg fasciotomy over a paper picture]). This became clearer when
our experts telementored using existing MR collaboration technol-
ogy such as Microsoft Remote Assist [38]. Similar to STAR [30],
in Microsoft Remote Assist mentors sketch on a tablet and these
annotations are thenprojected(ray cast) to the closest surface in
the mentee environment. S4 was particularly concerned with that
since procedures such as leg fasciotomy have�a natural curve to
it...� and he wasn't able to sketch that.

Tools are not necessary, but could help in more compli-
cated scenarios. Most emergency procedures we role-played re-
quired specialized tools such as clamps, scalpel, metzenbaum scis-
sors, hooks, tracheostomy tubes, and others. Experts had mixed
opinions on whether or not they should have access to equivalent
virtual tools; they thought that these tools could be enacted with
their hands (�The mentee can see the mentor hands right? I think that
I can show that with my hands. I don't think that the mentee need to
physically see the tube) [S4]) but only when the procedures were
not �too complex� (�for something more complex than this, I think
that I would want to have the actual instrument.[S3]).

Egocentric guidance. Easing the amount of cognitive work-
load on the novice was reinstated by experts several times during
role-playing sessions. This impacts not only where information is
displayed (�(As a mentee) It would be bene�cial to see information
from my (point of) view� [S4]) and how it is displayed (�it would
be great for the expert to use the same hand I am using�[S4) but
also how much control novices should have over their MR interface
(�The learner is going to be fairly overwhelmed� (because they are
doing a new procedure alone) [S4]). Experts also agreed that it was
a good idea to give novices as little control as possible:�the idea of
only getting an ON button is what most people would want�[S4].

Educational content can support very inexperienced sur-
geons. Mixed Reality technologies creates an opportunity to bring
3D representations of human anatomy as well as other multi-media
content novice's environment, something experts mentioned could
be useful when novice has no familiarity with a procedure. While
not their main goal while telementoring trauma surgery, experts
expressed an interest in having access to a library of educational
video clips that they could show novices. Interestingly, none of the
experts expressed interest in showing 3D anatomy as ��it varies a
lot from person to person, and standard models won't be helpful�[S4].

3.5 Summary
In summary, our analysis showed that when expert surgeons mentor
novice surgeons, they focused on the following four expert goals
(EG):

� EG1: Watch the procedure from the novice's perspective
� EG2: Show the location of anatomical landmarks
� EG3: Mark the location, length, and depth of incisions
� EG4: Enact the use of tools
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Figure 3: ARTEMIS VR - Expert surgeon's interface in Virtual Reality. At the center, the main view that the expert surgeon sees.
(a) Expert's control panel with colors for 3D annotations and buttons to control novice's calibration and visibility of hands. (b)
Table control to adjust orientation, camera exposure and gain. (c) Remote Live Streams with two moveablecameras (RealSense
on wheels), two �xed cameras (RealSense), one patient-focused camera (Kinect) and a �rst-person view from the novice's HMD
(HoloLens). (d) Real-time 3D Patient Visualization. (e) Expert's Hands as seen in VR. (f) Expert's Pen. (g) Novice's Avatar (when
visible). (h) Expanded View of the Procedure Clips (the lower part is only visible when the expert is watching a procedure clip
with the novice).

They need a system that enables them to ful�ll all these four
goals while also not overburden novice surgeons. Novice surgeons
are already overwhelmed by the medical procedure at hand, and
a new communication system shouldn't distract them from their
main goal: keeping the patient alive.

4 THE ARTEMIS SYSTEM
After a 12-month long iterative design and development work that
included rapid AR prototyping [19] and role playing in collabo-
ration with expert surgeons, we created theAugmentedReality
Technology-Enabled reMote IntegratedSurgery (ARTEMIS) sys-
tem. ARTEMIS enables skilled surgeons and novices to work to-
gether in the same virtual space and approaches the problem of
remote collaboration through a hybrid interface: expert surgeons in
remote sites use Virtual Reality to access a 3D reconstruction of a
patient's body and instruct novice surgeons on complex procedures;
novice surgeons in the �eld focus on saving the patient's life while
being guided through an intuitive Augmented Reality interface.
From now on, we will refer to the expert interface as ARTEMIS VR
and the novice interface as ARTEMIS AR. Also, to contextualize our
implementation choices, we will refer back to the Expert's Goals
(EG) when describing features of ARTEMIS AR or VR.

The novice bedside environment is equipped with a Microsoft
HoloLens v1 [36] worn by the novice surgeon, 5x depth-cameras
to capture the 3D scene (1x Microsoft Azure Kinect [35] placed on
top of the bed and attached to a surgical lamp, 2x Intel RealSense
cameras [24] in the corners of the room, and 2x Intel RealSense
cameras on wheels movable in the OR), and an OptiTrack optical
marker system [44] to track the movements of objects and people in
the room (markers are attached to the HoloLens, the Kinect camera,
and the surgical table).

The expert's remote environment is equipped with a video-see-
trough Virtual Reality headset (HTC Vive Pro [22]) provided with
a wireless adapter that makes it untethered, hand+�nger tracking
for the expert surgeon based on an IMU-equipped gloves [62], a

wireless mouse-pen used for annotations and VR-based interactions,
and an OptiTrack optical marker system to track the movements
of objects and people in the room (markers attached to the Vive
Headset, surgical table proxy, gloves, and wireless pen).

Figure 5 shows ARTEMIS in action during one of our evaluation
studies, and outlines the devices used for both ARTEMIS AR and
ARTEMIS VR.

4.1 Novice Surgeon's Interface
The novice surgeon's main goal is to operate on the patient. To avoid
distractions, the ARTEMIS AR interface components are passive,
and by design the novice surgeon is not able todirectly interact
with the interface. All the features described below are controlled
remotely by the expert; for instance if the novices need to hide
annotations or play a procedure clip, then they can request the
expert surgeon to do so. This decision emerged directly from our
role playing sessions where it became clear that novices were not
able to directly interact with an AR application while operating
on a patient. Our hypothesis is that this resulting interface will
not overwhelm the novice surgeons nor distract them from their
operating tasks.

The novice surgeons are able to see three main holographic rep-
resentations in front of them (Fig. 4): (a) the expert's avatar and
hands, (b) a remote pen and 3D annotations, and (c) procedural
video clips. In addition, the novice surgeon is able to provide direct
views of the patient and the surgery to the remote expert, by manip-
ulating the position of the Kinect camera and by directly attending
to regions of interest with the HoloLens device's camera.

Expert's Avatar and Hands � The novice surgeon can see both
the expert surgeon's location and their hands (Fig. 4a). This enables
the expert surgeon to communicate through gestures, for example,
by pointing to a location on the patient body (EG2) or by showing
how to handle a surgical tool (EG4). The expert surgeon's avatar
automatically disappears if the novice surgeon walks into their
virtual location. This interaction allows the novice surgeon to repeat
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