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ABSTRACT

The spread of COVID-19 has encouraged the practice of using video
conferencing for family doctor appointments. Existing applications
and off-the-shelf devices face challenges in dealing with capturing
the correct view of patients’ bodies and supporting ease of use.
We created Dr’s Eye, a video conferencing prototype to support
varying types of body exams in home settings. With our prototype,
we conducted a study with participants using mock appointments
to understand the simultaneous use of the camera and display and
to get insights into the issues that might arise in real doctor ap-
pointments. Results show the benefits of providing more flexibility
with a decoupled camera and display, and privacy protection by
limiting the camera view. Yet, challenges remain in maneuvering
two devices, presenting feedback for the camera view, coordinating
camera work between the participant and the examiner, and reluc-
tance towards showing private body regions. This inspires future
research on how to design a video system for doctor appointments.
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1 INTRODUCTION

Recently, it has become more prevalent to see a family doctor over
video using one’s smartphone without a need to visit the doctor’s
office. Virtual visits can help patients save travelling and waiting
time in clinics during in-person visits. The recent spread of COVID-
19 has also encouraged the general practice of video conferencing
for doctor appointments. Such virtual visits have helped decrease
the risk of spreading the COVID-19 virus, as there is no physical
contact between patients and healthcare professionals [32]. A list
of commercial applications for video doctor appointments, such
as VSee, Telus Babylon, Medeo, etc., have emerged across North
America, and provided secure video services for family doctor ap-
pointments. These applications share a similar user interface with
video apps (e.g., Zoom or Skype) that people commonly use for
general purposes like work meetings or casual relations. Yet, prior
research found that such general-purpose applications face chal-
lenges in examining patients’ bodies in a video appointment context
[21]. This creates a design space for ensuring that video systems
can meet the needs of remote doctor-patient encounters.

Prior research on video doctor appointments has focused on the
use of existing video systems to support remote healthcare. Such
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work often aimed to distribute healthcare to areas short on medical
resources or patients with mobility issues. They either investigated
video appointments for a certain specialty, such as physical therapy
[68], to understand whether video conferencing can be a substitute
when in-person visits are unavailable, or explored if patients were
generally satisfied with video appointments in primary healthcare
[67]. However, few of these works investigated how a current video
system could be improved and adapted to the specific needs within
the doctor appointment context. Yet, capturing a patients’ body in
different ways has been found to be critical in video appointments
[21, 58], which is influenced by camera work, denoting how pa-
tients would maneuver the camera to show their body while being
examined by their doctor in different ways. Current video systems
are not specifically designed to assist patients in capturing their
body properly on camera.

In this work, we engaged in a participatory design process to
develop ideas and features for a home doctor appointment system.
We then created Dr’s Eye, a video conferencing prototype to explore
how to design video systems to support varying types of body
exams in home settings. Our design includes four core and novel
features: a video camera decoupled from the display for easier
capturing video of a patient’s body; a 3D-printed form as the camera
enclosure to support flexible placement; a ‘hide camera view’ mode
allowing patients to still receive visual feedback before they feel
ready to show their body; and a ‘virtual cover’ mode to assist with
showing limited camera views. In the system design section, we
elaborate these features in detail. We wanted to investigate how
patients would use our system and what features they would value
for video doctor appointments. In this work, we also extended the
boundary of video appointments to involve exams that require
patients to expose private body areas, to see how patients would
react to them when supported by new features to protect their
privacy. In summary, we wanted to address the following research
questions:

e (RQ1) How will patients use a video conferencing system
that is specially designed for doctor appointments?

o (RQ2) What benefits and challenges do patients experience
when using our video appointment system?

We conducted a lab study with eighteen participants where
they attended mock video doctor appointments for five medical
situations. These scenarios focused on camera work that requires
participants to manipulate the camera to show a range of body
regions. Scenarios included: diarrhea, sore throat, chronic pain in
the knee, chest acne, and post-surgery recovery. We observed how
patient participants used our system during these mock scenarios
and employed semi-structured interviews to learn about their reac-
tions as well as their thoughts on different features for capturing
their body regions.

Our findings showed that decoupling the camera and display pro-
vided flexibility for capturing different body regions. Participants
valued privacy protection features that could hide their camera
view and cover portions of the body that were unnecessary to show
to the examiner. Yet, challenges remain in maneuvering two devices
simultaneously and in coordinating the camera work between the
participants and the examiner when showing their body. We also
found that the awareness about one’s self-image, and changes from
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a clinical space to a virtual space might contribute to reluctance
in showing private body regions in real video appointments. The
study points to implications around decoupling camera and display,
supporting camera control distribution, designing visual feedback
with camera views, and supporting trust building for video ap-
pointments. In summary, we contribute a design and prototype of
a video calling system for video doctor appointments, empirical
understandings of our prototype’s usage as part of the simulated
appointments, and insights into the issues that future system should
value for real video doctor appointments.

2 RELATED WORK

2.1 Video Conference for Doctor Appointments

Video conferencing has been used for doctor appointments in a
broad spectrum of fields, such as dermatology [30], psychiatry [24],
physiotherapy [68], and chronic disease management [59]. They
usually share common ground in that the interactions between pa-
tients and doctors are largely through visual and auditory aspects,
while physical interactions are minimal or unnecessary. In video
conferences, doctors are reluctant to perform any kind of physical
exam for diagnosis purposes to avoid potential misdiagnosis [21],
which limits the capability and scope of video appointments. To
prevent possible infections during the COVID-19 pandemic, physi-
cians have started to provide video doctor appointment services,
so patients are able to receive remote healthcare in their homes
[32]. They typically choose doctor appointment applications that
feature scheduling or virtual waiting room features like VSee [8].
All these systems leverage off-the-shelf devices easily accessible to
patients such as smartphones, tablets, or laptops. Video streaming
interfaces for the applications resemble each other, including two
view windows—one for the video of the doctor and the patient, a
hang-up button, as well as microphone and camera switches.

However, research has found challenges in using existing devices
and software to capture the correct body regions or movements,
and helping patients comfortably share their bodies over video [21].
Video appointments might require the patient to capture themselves
in different ways depending on the health concern. For instance,
a remote physiotherapy session might require the camera to be
stationary at a proper distance from the patient [2], so that their
body movements can be fully captured. An exam to look at leg fluid
retention during a chronic heart failure follow-up appointment
might need the patient to press on their leg; while they must place
the camera close to the leg to provide a better view for the remote
doctor [59]. A dermatological exam might require the patient to
correctly orient the camera relative to a patch of their skin so that
the doctor can clearly see nuances of the shape and skin texture
[21, 29]. A family doctor video appointment context resembles
the situations above, where patients may face various forms of
camera work when showing their body to the doctor over video,
whereas current video applications are not optimized to support
such mobility [21]. This indicates that there is a design space for
video systems to support patients capturing regions of their body
and camera work actions with less effort.

Prior work has discussed challenges with video doctor appoint-
ments. Concerns have been raised on the quality of video confer-
encing for doctor appointments: the resolution of images, quality
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of lighting, and video latency can become obstacles that compro-
mise doctor appointment outcomes as doctors expect to be able
to examine nuances of a patient’s body appearance in a manner
similar to face-to-face visits [29, 31]. Addressing these challenges
typically requires hardware upgrades, such as getting a better cam-
era, a bright(er) lamp, or faster network access. Challenges remain
in terms of whether virtual appointments can provide reliable diag-
noses compared to in-person appointments [30, 54]. Further, doctor-
patient communication plays a vital role in healthcare [39, 50]; ver-
bal and non-verbal behaviors such as chit-chat or body language
can help convey care and empathy, support doctor-patient rela-
tionships, and relieve patients’ emotional discomfort [23, 48]. Yet,
patients may perceive less care from the doctor in video calls due to
their feelings of lack of attention from the doctor, and hurdles to get
involved in the dialogue, which leads to less engagement [19]. To
improve the experience, guidelines have been proposed around ini-
tiating the conversation and setting up the camera orientation and
room background in the doctor’s office to help patients feel comfort-
able and calm in a video appointment [60]. Prior work also explores
the use of multiple cameras and video streams in the clinical setting
to support patient-doctor communication [63], which frames an un-
derstanding of awareness of the environment, as well as attention
to objects and actions when given more than one pair of camera-
video interfaces. Despite the fact that doctor appointments over
video saves patients’ time for travelling and waiting in the clinic, it
could also create barriers for some patients with accessibility issues,
such as elderly patients who are unfamiliar with technology, or
patients with visual, auditory, or cognitive impairments [11, 45]. A
large volume of work in the video doctor appointment field also
focuses on patients’ and doctors’ acceptance and satisfaction with
video appointments, and health system outcomes such as efficiency,
diagnosis, and treatment [6, 8, 52, 67]. Building upon this body of
work, our study explores how to overcome user interaction chal-
lenges in both technical and socio-technical aspects that emerge in
video doctor appointments.

2.2 Camera Work in Video Communication

Video communication has been extensively studied in the contexts
of work, education, family, and social activities [4, 12, 42, 43, 71]. It
builds up interpersonal awareness and engagement through pre-
senting people over distance and conducting collaborative activities
[5, 17, 65]. However, limitations arise due to narrow fields of view
that limit showing a remote individual’s body, lack of support for
showing the surrounding space over the distance, or challenges
in coordinating collaborative activities [34, 51, 69]. Research also
shows that mobile phones cannot support camera work well in po-
sitioning the camera or screen to frame local individuals and time
activities [18]. Design work has aimed to address these challenges.
For example, a 360-degree camera could enable the local user to ori-
ent the camera to different perspectives in a remote touring activity,
without the need to rely on the remote guide [64]. Still, it can be dif-
ficult to know where the local individual is looking at, because this
approach decouples local and remote view directions. To resolve
this issue, designs have investigated presentations of visual cues in
the remote space, for example, mapping gaze range and projecting
annotations in the real-world environment to inform awareness
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[61]. Researchers have also explored an approach to expand the
field of view in the context of everyday life, where they increased
the number of viewpoints by employing multiple cameras to see
the remote home space [34]. This approach has also been used for
work scenarios where cameras are looking at different task boards
allocated in the office room, so that the local collaborator can get
more engaged in the event without holding a mobile phone and
chaperoning camera views [69]. Similar to a professional work or
collaboration context, a doctor appointment context also involves
camera tasks that center on the patient to capture their face, body
regions, or actions [21].

Prior work has investigated empowering the camera for shar-
ing collaborative activities by employing a first-person view that
enables remote users to see from the same view perspective, for
example, through mounting the camera onto glasses [53] or over-
laying video streaming from both ends to synchronize activities
[49]. Telepresence could also strengthen the awareness of remote
users’ presence, for example, by projecting the remote individual
in real size onto a local room environment to create co-presence
[51] or using a robot with human control as a form of physical
embodiment [44]. This provides more mobility and autonomy for
the remote user in a collaborative activity.

Privacy issues often come with the usage of video conferencing
in various contexts. They usually focus on how people and their
environments are revealed in a video call [10]. People might be
unwillingly visible in other callers’ camera views [47], disclose
their background in the home environment, or worry about their
appearance [28]. User privacy can be infringed upon during a video
call in terms of autonomy of who can see the video, when they
have the access, and what they can see [10, 34, 43]. Such privacy
concerns are critical in a doctor’s appointment context. As the con-
versation should be kept confidential between patients and doctors,
patients prefer and desire to stay in a private space like their homes
without possible interventions from their environment [21]. Ex-
posing a patients’ body, including private and non-private regions,
rarely happens in everyday video chat contexts. This makes doctor
appointments different from work scenarios or casual activities
with family or friends over video. Little research has explored these
topics. Previous research on privacy in video conferencing has fo-
cused on the security of video channels or private surrounding
environments in the sharing space [9, 10, 52]. Yet, researchers have
not investigated how to let users properly control the camera view,
or what type of control is expected when showing something to
the remote user. Conducting research in relation to human body
privacy is also challenging in terms of balancing ethical concerns
and realism. For example, a study on reproductive health education
[3] employed augmented technology to help users learn intimate
health knowledge without actually exposing their body. Wong et al.
suggested a user-centered approach by engaging stakeholders in
the design process and defining privacy problems based on contexts
and practices [70]. Inspired by this research, our work aims to un-
derstand what patients value in different video doctor appointment
scenarios and how the user interface should be designed to support
capturing sensitive and non-sensitive body regions.
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Table 1: Participatory Design Workshop Procedures

Workshop Participant Activities Engagement & Research Goals

1. Problem « Share virtual appointment experiences « Explain research background, goals, and questions

Identification « Discuss challenges in terms of interaction, « Identify current challenges with virtual appointments
communication, and any technical or socio-related « Develop video appointment scenarios that can reflect
issues identified challenges

2. Ideation « Brainstorm ideas that could solve design « Generate ideas that could address previously identified
problems in various scenarios identified in challenges
workshop #1 « Identify design requirements based on the ideas

generated

3. Design Critique

scenario (from workshop #1)

« Reflect on the potential benefits and drawbacks
of proposed products (from workshop #2) for each

« Identify potential technology solutions based on the
design requirements

« Discuss pros and cons of potential technology
solutions identified

« Select one technology solution to further refine and
implement

3 SYSTEM DESIGN

3.1 Participatory Design with Patient Partners

We employed a participatory design method [55, 62] that involved
patients as our design partners to help understand design needs
and assist with the ideation and refinement of the video system. We
recruited a total of six participants (AVG = 53 years old, SD = 16;
five females, one male). Participants were from a metropolitan area
in Canada, where people often use mobile applications, like Telus
Babylon [73], to make appointments and see family doctors over
video calls. During recruitment, we gave priority to candidates with
prior experience with video doctor appointments, and who work
in industries which might provide additional insights to the design
process. For example, we recruited participants with background
in healthcare research, healthcare service, product design, social
services, and community volunteering. All participants had used
video conference tools with their family doctors or specialists for
chronic or occasional health conditions such as physiotherapy or
cardiology issues, in the year prior to the workshops. To maintain a
small group size for thorough discussions and opportunities to hear
from all participants in the group, we divided participants equally
into two groups. Each group participated in a series of three de-
sign sessions with a researcher organizer. Each workshop session
lasted two hours. We planned a one-week interval between work-
shop sessions to synthesize findings from the individual session
and prepare for the next session. Due to the restrictions during
the COVID-19 pandemic, we conducted all workshops online in
November 2020. We used a collaborative whiteboard tool, Miro, to
facilitate design activities. Each workshop session involved differ-
ent activities and goals (Table 1): the first workshop focused on
identifying challenges in the use of video conferencing for doc-
tor appointments; the second one focused on brainstorming ideas
for the challenges identified in the previous session; and the third
workshop emphasized refining design ideas. In Sessions 2 and 3,
we gave participants several types of doctor appointments as sce-
narios to reflect on. During the participatory design process, we
also partnered with a family physician who had over thirty years

of medical practice and developed four realistic video doctor ap-
pointment scenarios based on the challenges identified from the
first workshop. We also used the scenario-based method to develop
our study protocol (section 4.2).

Session 1: We asked participants to share their doctor appoint-
ment experiences, brainstorm about other medical situations, and
think of what challenges could possibly arise during video appoint-
ments. Through group discussions about video appointment ac-
tivities, we identified four main challenges in the use of video
conferencing for doctor appointments:

e Examining different body regions; showing one’s body parts
(e.g., throat, arm, leg) using a single device is difficult.

e Performing one’s own body actions and capturing body
movement (e.g., walk) on camera is challenging with a single
device.

e Sensitive topics or exams are concerning; showing certain
body regions that involve removing one’s clothes is often
embarrassing.

e Patients are worried about privacy exposure, such as show-
ing their surrounding environment, the camera being con-
trolled by others, or video recording.

Session 2: Next we created four video doctor appointment sce-
narios in cooperation with the family physician partnering in this
research, which covered the doctor appointment scenarios iden-
tified above, including sore throat, hurt leg, itchy chest, and de-
pression. During Session 2, we encouraged our patient partners to
brainstorm as many potential solutions as they could, to address
the issues associated with each scenario. To facilitate the ideation
process, we specifically prompted our participants not to consider
how to implement the technology. We then had a group discussion
to identify the commonalities across these ideas with our patient
partners, and identified four major design requirements for the
system:

1) The system should always show what the doctor is seeing.
2) The device should support being mounted on a surface or
held in the hand.
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a. A Handheld Video
Camera and a Monitor

b. A Drone Mounted with
a Camera, and a Monitor
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c. A Telepresence Robot

Figure 1: Examples of possible solutions of video systems for doctor appointments in low-fidelity storyboards.

3) The system should support showing patients’ video of them-
selves but not always be transmitting to the doctor.

4) The system should protect patients’ privacy by not exposing
body areas that are unnecessary to examine.

Session 3: Following Session 2, we conducted a broad search
on video-based systems and identified three potential technology
solutions with systems features that meet the design requirements
identified in the prior session. The solutions were presented as
images depicting the type of technology and a textual description
explaining how the system would work. We used these solutions
for discussion with our participants in Session 3, to delineate the
form of our final prototype. These solutions included:

o A handheld camera and a monitor (Figure 1(a)): Patients can
see from the display what the camera is showing.

o A drone camera and a monitor (Figure 1(b)): The drone can
be controlled to capture patients.

o A telepresence robot (Figure 1(c)): The doctor can control
the robot to examine patients’ body.

We provided patient partners with the same scenarios as in
Session 2 and asked them to reflect on the potential benefits and
drawbacks of using these three different systems. Patient partners
recognized benefits of each solution but felt that the drone might
be difficult to control in the home, and the robot as a telepresence
platform was perceived to be intrusive. With thorough comparison
and consideration, we decided to exclude these two solutions and
to implement our system based on the idea of using only a wireless
camera and a mobile display.

3.2 Design Characteristics and Interactivity

Based on the design requirements we uncovered in the participa-
tory design study, we proposed four main features for a system to
support various forms of visual doctor inspections:

1) Decouple camera and display: The patient can capture a view
of their body using an external camera and see the video
stream on the phone. This helps patients always have visual
feedback on the display when moving the camera around,
for example, when shooting body parts that are out of their
direct view (e.g., throat, back).

2) Free capturing: The patient can put the camera on a table or
attach it to any other surfaces, like a wall, without holding

the camera in their hands. This could be helpful when it is
not convenient for patients to hold the camera in their hand,
for example, when performing body movements that involve
both hands or when the user must be at a specific distance
from the camera to show an entire body region.

3) Hide my camera view: When the ‘hide my camera view’
mode is on, the video stream sent to the doctor is disabled.
Only patients see what the camera is currently showing. This
enables patients to align the camera into an appropriate pose,
until they are ready to stream images to the doctor.

4) Virtual cover: By selecting a part of the image in the camera
view, patients can limit the area that the doctor can see.
A slider can adjust the rest of the camera view between
transparent and completely opaque. The system then also
ensures that other body parts are kept hidden even when
the camera moves. This approach aims to protect patients’
privacy in that they can limit the view, to show the doctor
only to the parts that are truly necessary.

3.3 The Design Process of Dr’s Eye

Given these four design requirements, we created a prototype sys-
tem that we call Dr’s Eye. Dr’s Eye contains two components: 1)
an external camera embedded in a 3D-printed enclosure and 2)
software running on a mobile phone that streams video between
the patient and doctor. We created the final prototype through an
iterative process, including brainstorming about potential form
factors for the system (Figure 2(a)), hand sketching some selected
ideas (Figure 2(b)), and iterating and creating 3D models around
these ideas (Figure 2(c)). We also used paper boxes to create some
low-fidelity prototypes based on the models created. Figure 2(d)
shows some early drafts for the system design and Figure 3 presents
a more detailed rendered 3D model. The implementation of our
system prototype was widely informed by the technological probe
approach [26].

1) External Camera (4): Inspired by the small disc-shaped res-
onator of a stethoscope, we designed a rounded form to highlight
the camera’s position. We adopted a hinge to connect the body and
the camera component. Users can rotate the hinge to get a desired
camera orientation. We also designed a form enclosure to enhance
its flexibility. The base of Dr’s Eye is flat so users can place it on
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Figure 2: We created Dr’s Eye through an iterative design process. We started by brainstorming possible form factors for the
system (a) and sketched out some selected ideas (b). Then, we iterated on the ideas and created 3D models (c). We also used
paper box to create some low-fidelity prototypes based on the 3D models. (d) shows early draft 3D models, which we then

refined.

Camera

’—§ Hinge

Raspberry Pi

—* Battery

Switch

DC-DC Converter

Tape Lid

Figure 3: Left: The prototype (as an external camera) used together with a mobile phone (as a display), designed to assist patients
in showing regions of their body in a virtual appointment. Right: Electronic components embedded in the prototype form,
including a Raspberry Pi microcontroller and a compact camera module that allow patients to place and adjust its angle during

the call.

the table surface. We intentionally added heavy-duty reusable tape
on two sides of the form enclosure, so users can also stick Dr’s
Eye onto vertical surfaces, such as a wall. In addition, we designed
the enclosure to be rounded to fit into a users’ palm. The finalized
form enclosure was designed with a slight anthropomorphic look
to create a sense of accompaniment and to signal that the video
stream would be delivered to a professional party in an appropriate
context [16]. We produced one set of Dr’s Eye through 3D-printing

the final assembly. We used white-colored PLA material to print
the form enclosure as it offers minimalist aesthetics and endurance
for the study.

2) Mobile Phone User Interface: We used the web framework
Flask and OpenCV to implement the video system. The design uses
a mobile phone with a 6-inch screen to connect to the doctor who
interacts with the system through a webpage. The user interface
includes two camera views, a virtual cover button, a camera view
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Figure 4: Dr’s Eye external camera. It can be placed on a table or be attached to the back of a phone or onto a wall.

control button, a slider, and a text box (Figure 5(a)). Camera views
come from Dr’s Eye on the patient’s side and the camera on the
doctor’s side. Patients can tap on the small camera view to switch
which view they want to be shown larger at the top. When patients
click the Hide My Camera View button, a message pops up at the
bottom, saying “Doctor cannot see you now”, to highlight that
the doctor cannot see the patient’s video stream until they click
the Show My Camera View button (Figure 5(b)). When patients
click the Virtual Cover button, their video stream to the doctor
is automatically disabled, with a pop-up message stating “Doctor
cannot see you now. Please select the area you want to show to
the doctor”. Users then can draw a circle by dragging (press down,
move, and release) on their camera view to select an area they want
to show to the doctor. After the selection is made, they can click the
Done with Selection button (Figure 5(c)). The doctor will then only
see the selected body area. Supported by a vision-based tracking
system (see below), the circle follows the body region when the
patients move the camera, to ensure that the doctor will not see
other areas. Patients can also use a slider to change the level of
desired transparency of the unselected body area. The doctor’s
webpage includes two camera views: a larger view of the patient,
and a smaller one of the doctor.

4 STUDY METHOD

To form insights into our design’s elements, our study aimed to
understand how patients would use our video system in a series
of simulated medical scenarios. The study was approved by our
university research ethics board. This section describes how we
conducted the study and collected data.

4.1 Participants

We invited 18 participants to participate in our lab study. They
were all adults in the age range 21-75 (AVG = 41, SD = 16), eleven
males and seven females. Participants were recruited via several
strategies. We sent emails to university mail lists, posted ads on
social media platforms, and posted posters on university and local
library billboards. We also posted our study on the website of a
provincial health research program, which sent recruiting emails to

their patient network. We wanted our participants to cover a broad
age group. We only included candidates who are familiar with the
use of smartphones and video conferences.

4.2 Study Protocol

Each person participated individually in the study. First, we con-
ducted a brief background inquiry to learn about participants’ past
experiences with family doctors in-person or over video. The in-
quiry was designed to help participants recall what situations they
went to the doctor for, and how their appointment experience im-
proved or deteriorated with the use of video conferencing.

Next, we conducted a lab study to investigate how the partici-
pants would use the new features of our video system. This required
our study to be able to cover a range of scenarios that could po-
tentially happen in existing or future doctor-patient encounters.
Since the focus of our study is understanding our design features’
usage and potential issues that might arise in real doctor appoint-
ments, we chose the approach of a lab study with simulated doctor
appointments. In addition, we also recognized that having partici-
pants use our prototype in real doctor appointments might bring
up significant privacy concerns. Doctor appointments and medical
information are often considered to be confidential. Observing real
doctor appointments can also be intrusive. Besides, participants
may not be comfortable with sharing their health conditions. As
such, we thought a good first step to understanding our system’s us-
age and design was to use simulated appointments; this means that
the design ideas could be understood more deeply and improved
before future testing in real doctor appointments by us or others.
In this way, we reduced the risk to our participants.

We were inspired by the scenario-based design and user enact-
ment method [14, 46], which were generally applied to probe the
design of artifacts with potential ways of usage within a lab setting.
To understand the use of our video system in varying contexts, we
designed a list of scenarios where a range of medical situations were
presented. We asked participants to enact a patient as described in
each scenario using our video system. Each participant was asked
to go through all the scenarios using our system.
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Figure 5: System interface on the patient’s mobile phone. (a) Default page when the video call is initiated. (b) Video stream to
the doctor is disabled when hide camera view mode is on. (c) Virtual cover mode is on. Patients select a circular area on the
camera view. Only the highlighted body area is sent to the doctor.

We designed five scenarios representing varying types of situa-
tions where patient participants might use camera work differently
when seeing a doctor actor. To design appropriate scenarios, we bor-
rowed ideas from the participatory design study and brainstormed
a list of medical situations based on how different features of our
system could be applied when patients describe and present their
symptoms over video. For example, decoupling camera and display
can help a patient see what is being captured by the camera, when
a body part to be shown that is out of their sight. Such body parts
could be the inside of one’s mouth, their neck, or back. Situations
related to the mouth could involve a sore throat, swollen gums, or
mouth sores. Then, we selected four scenarios which we believe
could highlight the differences between our system and current
video apps. We also included a situation which needed no camera
work as the initial scenario, to help participants get acquainted with
the process. This situation also served as a comparison point for the
other scenarios so that participants could feel changes in using the
system. Afterward, we iterated on the scripts for these scenarios
and consulted with the family physician partnering in our research
to ensure that the narrative corresponds to what happens in actual
doctor appointments. Brief descriptions of the scenarios follow be-
low where we describe the roles that the participants played. Table
2 listed what design features we expected to be the focal points for
each scenario.

1) Diarrhea: The participant had diarrhea for a few days and
consulted the examiner over video. The participant described
their symptoms to the examiner. Then, the examiner pre-
scribed a lab test and medication.

2) Sore throat: The participant had a sore throat and described
their symptoms during the video call. The examiner asked
the participant to open their mouth and say ‘Ahhh’ to expose
the tonsils. Meanwhile, the participant held the camera to
capture the tonsils clearly.

3) Chronic pain in the knee: The participant saw the ex-
aminer regularly for chronic arthritis on their knees. The
participant was asked to lift and hold their thigh with two
hands, and to extend the lower leg slowly to see if the pain
was relieved. Then, the examiner asked the participant to
show their ankle and press on it to check if it was swollen.

4) Chest acne: The participant had bumps on the skin of their
chest. The participant was asked to show their chest to the
camera. The participant needed to remove their top to show
the area. (The participant did not actually remove their top;
instead, they pretended to do so.)

5) Post-surgery recovery: The participant had surgery due
to a lumbar disc protrusion. The participant video-called
the examiner as scheduled to check on the recovery of the
surgical site in their lower back. The participant was asked
to pull down their pants to expose the surgical area and show
to the examiner. (The participant did not actually pull down
their pants; again, they pretended to do so.)

We took several measures to balance potential ethical risks with
the realism of the video appointment scenarios. First, we did not
ask participants to actually take off their clothes and expose their
body parts, which would create significant ethical concerns. In-
stead, we printed fiducial markers and stuck them to participants’
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Table 2: Features to be explored in the scenarios

Scenario Decouple camera and display Free capturing Hide camera view Virtual cover
1. Diarrhea
2. Sore throat v v
3. Chronic pain in the knee v/ v
4. Chest acne v v v
5. Post-surgery recovery v v v v
Divider
Patient atim : =
(Participant) : \ ==
> —

Examiner
(Interviewer)

Figure 6: Study room setting. Participants sat in the chair. The interviewer sat behind the divider during the mock appointments

and returned to participants’ space during the interview.

clothes. When our camera captures the marker, a vision algorithm
recognizes the marker and replaces it with a generic picture of
the corresponding part of the human body. Thus, the participant
would see a camera view on the phone screen that was similar to
their body being exposed. The purpose was to help participants
experience a situation that reasonably faithfully simulates a real
video appointment with a doctor. For example, in the chest acne
scenario, participants were asked to put the camera close to the
marker area. They would see a photo of a chest overlaid on the
display. They could thus imagine how they would feel and what
they would do in such contexts. We selected ten pictures for each
body area, including chest and lower back, five from male and five
from female bodies. At the beginning of the fourth and the fifth
scenarios, we asked participants to pick the one they thought was
closest to their own body. We explained to participants that the
aim was to help create a feeling of realism, but that the video might
not represent their bodies exactly. When participants role-played
in these scenarios, the interviewer acted as a doctor and played the
role of the examiner.

Participants completed the study from a mock home space in our
research lab that contained couches, chairs, a television, a coffee
table, etc. (Figure 6). For each scenario, we first gave participants
enough time to read the script of the scenario and familiarize them-
selves with it. Rather than give participants specific instructions

on how they should use different features, we told participants to
go through the appointment in a way they felt comfortable with.

We set up a room divider to separate the interviewer and partici-
pant so they could not see each other during the mock appointment.
The examiner (interviewer) saw participants using a laptop with a
13-inch screen and a camera. We muted the speaker so participants
could hear the examiner’s voice directly from the other side of the
divider, to avoid audio issues such as overlapping audio or delay,
and to ensure high communication quality during the study. After
each scenario, the interviewer returned to the mock home space and
interviewed participants. We adopted this approach rather than in-
volving another researcher acting as a doctor for two reasons. First,
observing participants from a third-person view might create a
misunderstanding as to what exactly they showed with the camera.
In comparison, the interviewer could observe participants directly
from the first-person view of the examiner and might thus notice
unexpected reactions from participants. Then the interviewer could
bring up questions based on such observations. Second, a pilot study
within the research team validated that the lab setting of dividing
the space did not create a noticeable influence on ‘patient’ reactions,
since the study was more task-oriented and ethical concerns had
been minimized to protect participants’ privacy. Despite this, we
recognize this part of our method as a limitation of the work as
patients might behave differently in their homes when compared
to actual doctor appointments.
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During the interview, we asked participants questions about their
system usage and specific system features, such as “How do you feel
about using the system for this situation?”, “How do you feel about
using the virtual cover feature in the video call?” and “How do you
think the system can be improved?”. In addition, we asked questions
about system usage based on our observations. Questions included,
“I noticed you did. . ., could you explain why you used it that way?”
We asked questions that we felt would encourage participants to
discuss challenges or concerns that might arise during real video
appointments based on their experience interacting with the system,
including “Is this something you could see working over a video
call? Why or why not?” and “How is it different from using general
video systems or in-person visits?” At the end of the study, we asked
participants if there were other situations regarding video doctor
appointments where our system could be helpful or challenging.
The aim was to explore a wider range of contexts.

4.3 Data Collection and Analysis

The data collected from the study included audio recordings of
the interview, video recordings of participants’ behaviors in each
scenario, and recordings of the examiner’s (interviewer’s) screen.
Two researchers transcribed and coded audio recordings indepen-
dently. We applied an inductive coding process to create codes.
For example, codes like “position display” or “hold two devices”
were created, representing challenges of participants operating
our devices to capture their body in different scenarios. Then, the
two coders discussed the codes, selected those we believed to be
novel compared to prior work, and put them into a hierarchical
coding frame representing different topics of camera work. Three
high-level themes were created. These themes included benefits and
challenges in operating decoupled camera and display, camera coor-
dination needs between patient and doctor, and patients’ perceptions
of viewing and sharing their own video streams.

5 FINDINGS

In this section, we present the three high-level themes generated
from our in-lab study data. The first theme (section 5.1) captures
the benefits and challenges with our system in simulated appoint-
ment scenarios, which addresses our research question regarding
how participants used the system designed for the simulated video
doctor appointments (RQ1). The second and third themes (section
5.2 and 5.3) describe potential issues that might arise in real doctor
appointments regarding participants’ camera work coordination
with the examiner and participants’ concerns about viewing and
sharing their own video streams, which both address our research
question about challenges that patients may experience when using
our system (RQ2).

5.1 Benefits and Challenges in Operating
Decoupled Camera and Display

In this section, we describe both the benefits and challenges in
using a system with a decoupled camera and display for mock
appointments, including flexibility to capture body regions and
difficulties in operating the system, based on our observation and
participants’ explanations.
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5.1.1 Allowing Freedom to Capture Anywhere. Our participants
recognized the benefits of having the camera separated from the
display in those situations where they needed to capture a body
region that was out of the range of their vision or when they needed
to place the camera further away from themselves to show a view
at an appropriate distance. In both cases, a separate display allowed
them to view the camera’s feedback, in situations where a cou-
pled camera and display would have been hard to see. Participants
shared the difficulties with traditional video cameras to be unable
to see what the camera was recording. For example, in the sore
throat and post-surgery recovery scenarios where throat and lower
back needed to be examined, challenges arose if participants had
to use the mobile phone’s camera itself to capture the area and
to simultaneously see what was showing on the screen, because
the phone would be either under their chin or behind their back,
which is clearly beyond a participants’ capability to easily see. In
comparison, the decoupled camera-display design allows partici-
pants to place the phone display in front of them and to move the
unassociated camera around as desired. P5 discussed the ease of
viewing the screen in these scenarios, “since it was separate, I could
bring it as close as needed”.

When using only a single mobile phone, the phone screen can
be out of a patient’ sight when the phone camera is set far enough
away from the participant to capture more information (e.g., a full-
body image, or performing movements). For example, participants
brought up the issue in the chronic pain scenario where the phone
might need to be placed on the floor at an angle where they could
not see the display when walking forward or backward. Also, the
phone might be too far away to see the phone image clearly. Yet,
participants said that the separate camera could just be placed on its
own, and they could still hold the phone in their hand to get a better
view. P11 felt this scenario would be hard to do with traditional
video technology, as “you cannot just put the phone too far away
from you”.

5.1.2  Challenges in Positioning and Operating Camera and Display.
Despite the benefits of decoupling camera and display, our par-
ticipants found challenges in holding the devices in their hands,
coordinating two devices simultaneously, and getting used to ori-
enting their sight to two different devices. The exams over video
might be highly mobile so that patients may need to move their
body in various ways, while the display would be expected to be
mobile as well, to ensure that patients would have a comfortable
viewing angle. Holding the display properly for it to be viewable
to participants can became challenging. For example, in the sore
throat scenario, participants held the camera in one hand in close
proximity of their mouth (Figure 7 left). Meanwhile, they had to
hold the phone in the other hand to see what was being captured by
the camera. The situation worsened when they needed to raise their
head up to get better lighting from the ceiling into their mount,
since the inside of their throat was otherwise too dark to show
the inside clearly. Thus, the phone had to be lifted higher, and it
became challenging for participants to coordinate both devices. P1
commented that he had a hard time focusing on keeping the display
up, so he “had to basically prop the phone up”.

This issue also happened in other situations where it was not
always easy for participants to put themselves into a comfortable
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Figure 7: Examples of participants’ usage of Dr’s Eye (blurred and shared with proper consent from participants). Left: A
participant showing their throat. Right: A participant showing their knee.

pose that affords a reasonably good view. We observed some par-
ticipants laid the phone on the table and leaned their body forward
to look at the screen; some used the plant container, which we had
placed on the table for decoration, as a temporary “holder”. Some
participants raised the concern of finding a way to put the display
in a fixed position to see it comfortably, especially when they “had
to work with both hands” (P3).

In scenarios that involve fewer movements, operating two de-
vices simultaneously can still be difficult as it increases the burden
of usage. Participants told us they were not used to working with
two devices simultaneously for a video call. In their prior experi-
ence, they were familiar with aligning a single phone to adjust the
camera view. However, in the scenarios we investigated, they had
to align the camera and simultaneously hold the phone steady to
see what the camera was showing.

We also observed interesting behaviors in some participants
when using our multi-device system. First, they felt confused by
the camera and phone being separate when trying to capture some-
thing. When they were supposed to adjust the camera position or
angle, their phone hand followed the camera hand involuntarily in
performing the same action, or the phone hand shifted rather than
the camera hand. Their upper limbs also appeared to become stiff
and uncoordinated. Holding two devices seemed more of a struggle
than holding a single device. P5 described this struggle with two
devices: “if I want to adjust this (camera) and I start adjusting this
(phone) instead, and then, if I adjust this (camera) and subconsciously
I have just moved it (phone) without like looking at it”.

To reduce the effort in using multiple devices, we found that
our participants often set one device aside (fixed to a surface or
semi-fixed to an object) and only focused on a single device. They
generally preferred to fix the camera somewhere, for example, on
the table, or “stick it to the wall, TV, or something” (P8) so that they
would not need extra help from someone else. In the chronic pain
scenario where we asked participants to stretch their leg and show
their ankle, we expected they might place the camera on the floor.
Yet, most participants twisted their body and leaned back in the
chair to have their legs captured by the view of the camera standing

on the table (Figure 7 right). Similarly, in the post-surgery recovery
scenario, we expected participants to stick the camera to a vertical
surface, like the wall or along the TV screen, and then stand in
front of the camera to show their back to the examiner. Yet, at the
beginning, they generally held the camera in their hand and curled
their arm behind the back to try to capture that area. Then, they
typically realized that it was difficult to capture all three markers
that we had put on their back for overlaying the digital image on
their body. Therefore, they then typically chose to stick the camera
to the wall instead.

We assumed the reason behind this issue might be that par-
ticipants tend to use the least effort to pose the camera. In these
scenarios, bending down to place the camera on the floor would
take more energy than lifting their leg; similarly, placing the camera
in a stationary position, holding the phone, and moving themselves
within the camera view takes more energy than moving the camera
to show their back. We also asked participants for reasons behind
their actions with the camera. They felt it “just came naturally”
(P12) in a way they were “very comfortable working with” (P16).

In addition, participants unintentionally misaligned the camera
view and the phone display. In a general video doctor appointment
that solely uses the mobile phone, the camera is located right at
the top of the display. The difference between the gaze orientation
and the camera orientation is (relatively) minor, so that the user
feels that they are looking at the remote person on the display. In
our study, participants tended to place the phone face-up on the
table and the camera standing beside the phone. This created a
disparity between the gaze and camera orientation. In this case,
they struggled with where to look at in the video call (i.e., to look
into the camera or to look at the screen) with the examiner (P5).

5.2 Camera Coordination Needs between
Patient and Doctor

In this section, we present camera coordination challenges we ob-

served from our participants’ usage of the system in mock appoint-

ments, and concerns that may arise in real doctor appointment
behind distributing camera control.
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Figure 8: Screenshot examples of participants’ usage of Dr’s Eye (blurred and shared with proper consents from the participants).
Left: Not aware of an appropriate pose for the camera. Right: Uneasiness to reach to the camera and adjust its pose when

showing body movements.

5.2.1  Lack of Communication and Awareness about Examiner’s View.
In our mock appointments, we found that the participants and the
examiner often needed to coordinate over camera work, so that the
examiner could instruct the participants to show enough informa-
tion. When asked about challenges, our participants talked about
their concerns on whether the image quality was good enough for
an accurate diagnosis, and whether they could capture the correct
region(s). The image quality is typically affected by lighting, im-
age contrast, or camera angle. Participants doubted if the camera
was able to show the details of their body as in the clinic, which
led to a lack of trustworthiness with the system. Prior research
has raised the lighting issue broadly, especially in teledermatol-
ogy [30], where poor lighting showed skin color imprecisely and
then led to misdiagnosis. This issue could be critical in general
video appointment contexts as well. In our study, the issue refers
to the fact that illumination is quite limited for certain medical
situations. For example, in the sore throat scenario, participants had
to turn toward the ceiling lights to get sufficient light into their
mouth. They mentioned that they might have to do something sim-
ilar in their homes or find an extra light source to help illuminate
their inner mouth. Thus, it could be tricky to conduct such exams
without special equipment like the handheld light used in clinics
during real doctor appointments. Similarly, as P15 mentioned in
the post-surgery recovery scenario, the lighting condition could be
poor when participants fixed the camera on the wall and blocked
the light, as they might stand close to the wall to capture their back.
This suggests our device design should support extra lighting, e.g.,
by including a light in the camera device itself.

Our participants also talked about the lack of communication
around what the examiner wanted to see, and the need for clear

instructions from the examiner to “move it (the camera) in a way
for them to see it (the body)” (P3). Specifically, they were not aware
of what a ‘right’/correct location to place the camera was, in terms
of where to place it, which direction to orient it, and how far away
to place the camera (Figure 8 left). Participants believed that visual
feedback could help build communication and awareness about
how to move the camera. They provided potential examples of the
feedback, such as a visual sign on the display, as studied in prior
research, e.g., in visual guidance for physiotherapy [66]. It could
also be audio feedback or a combination of cues, as P1 suggested,
“when I bring it closer, maybe a target area is selected. So that’s when
it makes a beep sound that shows me a red circle’.

However, some participants told us that they did not need to
see details on their display. They believed that only the doctor
should have good visibility of their body. The role of patients was
to provide the doctor with what they wanted to see, which was
similar to a clinic context, where they did not have to see their own
body when they were being examined. As P11 said, “you don’t need
some details (of your body) ... you only (need to) know what you
need to provide to the doctors.”

5.2.2  Concerns behind Distributing Camera Control to the Doctor.
To improve the camera coordination between doctor and patient,
distributing some camera controls to doctors could help resolve
at least some of the communication challenges. Given a doctors’
expertise or patients’ limited mobility, many participants showed
their willingness to have doctors more involved in their camera’s
controls. Participants told us that it was the doctor who was re-
sponsible for coordinating such work in their clinic, where patients
generally comply with what the doctor asks them to do. In a video
appointment context, patients need to take more responsibility to
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help the doctor get proper views of their body. Yet, our participants
exhibited a reluctancy to spend extra effort. Thus, granting camera
control to the examiner could help reduce the workload as they
would not have to conduct all the camera work by themselves. This
was especially noticeable when patients had limited mobility. As
P10 told us, “I think if somebody’s in that much pain, where they
are immobilized or not able to put a camera somewhere, they would
likely have someone there to help them” As a result, participants saw
the benefits of handing over the camera control to the doctor, so
that the coordination work for how they should precisely position
the camera could be reduced.

Yet, challenges remain in deciding what types of control patients
would like the doctor to have and how much control they are com-
fortable with handing over to doctor. The challenges mainly came
from security and privacy concerns when sharing camera control
and granting camera access. Some participants felt that it was ap-
propriate for the doctor to make minor adjustments to the camera.
This included zooming in or out, rotating the camera head, taking a
picture, or controlling the light. Such “fine-tuning” camera control
could be initiated when patients had already roughly oriented the
camera to the area that needed to be viewed by the doctor. For
example, in the sore throat scenario, holding the camera in front of
the mouth was effortless. In contrast, subtle camera adjustments
were usually needed to get the best orientation for the view of the
tonsils, which might take substantial coordination work between
the participant and the examiner. Participants indicated willingness
to hand over camera zoom or rotation controls so they would not
have to worry so much about showing the correct area. Such cam-
era control could also help when participants placed the camera
at a distance, e.g., to perform whole-body movements, where they
could not easily adjust the camera (Figure 8 right). In this case,
the camera’s field of view might be limited to capturing what the
examiner wanted to see, especially when participants needed to
move around. Letting the examiner adjust the camera view to cap-
ture specific areas during participants’ movements could also help
participants concentrate on the task in these scenarios (P17, P14).

We found that the level of comfort with handing over camera
control was related to a trusting relationship with their doctor. Par-
ticipants with a good trusting relationship with their doctors were
less concerned about letting the examiner take more control of the
camera, similar to the access and power that doctors often had in
clinical settings during in-person appointments (e.g., P4, P14). Still,
unlimited camera control might allow the doctor to see their home
space. Video doctor appointments can capture patients’ personal
information from their background, as P10 described, is like “invit-
ing people into your room”. Such information, like their “favorite
movie poster on the wall”, was often not shared when appointments
were conducted in the clinical space.

Thus, participants preferred the doctor to focus the camera view
only on their body, not elsewhere. This suggests a design space
where the camera could be rotated or zoomed within limits when
being remotely controlled by the doctor. Meanwhile, participants
hoped they were able to manage when the examiner had the camera
access and to supervise what the examiner was looking at after
giving over the control, to assure that the examiner was not looking
at something they deemed inappropriate. As P10 said, “it would
make the patient feel like they’re in control of their own privacy.”
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Participants also raised concerns about trusting the system re-
garding its access to the camera. Once the camera was capable of
being remotely controlled, there could be risks of being accessed
outside of the appointment time, or even controlled by third parties.
P5 mentioned that they expected the control to be properly revoked
after completing the video call. Our participants also wanted to
have a physical cover for the camera on our prototype to avoid it
being accessed without awareness, as mentioned by P17, “you never
know if somebody can hack in and start viewing things without your
permission” Such physical components for revoking camera access
are simple to include but can make participants feel to have more
control over the device and reassure their privacy is protected.

5.3 Patients’ Perceptions of Viewing and
Sharing Their Own Video Streams

During the interviews, our participants talked about issues and
concerns that might arise in real video doctor appointments, espe-
cially around viewing and sharing their own video streams with
the examiner. In this section, we present findings on our partici-
pants’ perceptions of viewing their own video on the display and
their needs around controlling the sharing of their video in video
appointments.

5.3.1 Patients’ Perceptions of Viewing Themselves on the Display.
Our participants talked about how seeing their body on the dis-
play can create a feeling of discomfort, which might discourage
them from using such a video conferencing system for real doctor
appointments, even though they understood it was necessary to
see themselves as part of the visual feedback to know what the
examiner was looking at. Participants explained that this discom-
fort might come from showing parts of their body that were not
normally shown in a video call context, in contrast to only showing
faces in more regular video-mediated communication. Our scenar-
ios involved showing the throat, chest, and lower back. These body
regions, as well as areas they would not expose in a normal social
context, were considered ‘private’, and could make participants
feel uncomfortable during real video appointments, as “it wasn’t
necessarily what I do every day or even any day” (P1). Showing such
body parts over video was deemed poor self-image management by
participants. They further interpreted that self-image created issues
solely in a human-human interaction context, as seeing themselves
in a mirror would not create uncomfortable reactions because no
other individuals were involved.

Moreover, participants felt the experience of video appointments
can be different from their experience in the doctor’s office. They
explained that when they were examined in person, it was usually
the doctor who focused on their body rather than themselves. Yet,
in video appointments, patients must set up the device containing
the camera and focus more on their own body. Thus, not seeing
their own body in the clinic might reduce consciousness of their
self-image. This was reflected by comments from our participants
as well. For example, P15 said that instead of just sitting there and
letting the doctor do the exam when visiting in person, during video
appointments the patient had to “tape it themselves and figure out
the angle and all of that”, making it uncomfortable. Therefore, a
participant considered it might be better to send pictures or videos
rather than show their body live to reduce their exposure level. If
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patients need to consult about chest area problems, they could just
take “a picture of [the] chest in advance instead of doing it on the call
live”, which might be easier for patients (P5).

5.3.2  Patients’ Needs in Controlling Their Video Stream’s Viewing
and Sharing. Our design features hide my camera view and virtual
cover allow participants to control the timing of sharing their video
stream and the amount of information they want to share. Par-
ticipants felt that these features could be helpful for real doctor
appointments. Hide my camera view was treated as an initial pro-
cess during which patients might need to take off their clothes and
adjust the camera before exposing their body to the doctor. They
felt it to be inappropriate and awkward to remove their clothes
in front of the camera during video appointments. Having such a
feature would also allow participants to still receive images from
the camera, without having to go to another room to prepare for the
exam (P18). This was different from current video systems which
disable seeing images from the patients’ side when the camera is
turned off.

In addition, participants thought that the virtual cover feature
could help them hide what was not necessary to show to the ex-
aminer during video appointments. For example, in the chest acne
scenario, participants felt that the examiner only needed to see
the bumps on the skin, and that it was unnecessary to have the
whole chest area exposed. Some participants also believed that
the level of exposure is lower with our virtual cover feature in
video appointments, compared to the level of exposure in in-person
appointments. (P3).

We also observed that participants tended to place the camera
on the table rather than holding it in their hand close to the chest
in the chest acne scenario. This was in contrast with showing the
ankle in the chronic pain scenario, where they generally placed
the camera very close to the foot. Still, this might reflect that the
virtual cover feature could reduce the workload of maneuvering
the camera. Direct area selection on the camera view should help
the patient and examiner focus only on the area needed to examine,
as expressed by P1, “from a perspective, if I only wanted to source
certain region of the body and focus on that, that makes sense.”

Video systems not only need to provide privacy-preserving fea-
tures like hide camera view and virtual cover in our prototype, but
also need to better communicate how patients can control the view-
ing and sharing of their video streams. More specifically, systems
need to communicate the status quo of their video stream (e.g., what
is shared and what doctors can see). Our participants expressed the
feeling that the feedback was confusing when they turned the hide
camera view or virtual cover features on. They said they still saw
the same image of themselves when using the hide camera view
feature, though there was a prompt at the bottom saying that the
examiner cannot see their image. This might create the illusion that
the examiner can still see them. As P7 told us, “I think I can hide my
camera view, but because in my phone it still shows myself, so I feel a
bit unsafe about that.” Participants are apparently used to current
video systems’ design, in that other individuals can see them when
they are able to see themselves on the display. Thus, participants
desired more obvious feedback, for example, a popup message on
their images, or a change in the coloring of their camera view (P5).
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Our current implementation of the virtual cover feature with a
slider to change the transparency of the unselected area also re-
sulted in ambiguous feedback to participants. They felt that chang-
ing the transparency was a way of blurring how much the examiner
could see. For example, when the image was generally darkened out
with only a specific area visible, P1 imagined the examiner would
be able to see the exact video feed as what the patient was seeing.
Thus, our participants wished to have fewer options for how they
could see their blurred body, while they could still use the image as
a reference for where to position the camera. As P6 told us, “It was
great on the plus side to be able to see [on] the phone what is happen-
ing, I was able to glance at it and move the camera device” Moreover,
some participants suggested that their camera stream should be
darkened when the virtual cover button was pressed. Then the area
they selected could be highlighted to indicate the area to be shown,
which would be clearer than using only a red circle to identify the
area. They also suggested supporting free selection in case there
might be multiple places they would need to show.

6 DISCUSSION

In summary, our study confirmed the benefits of decoupling camera
and display and provided directions for potential improvements
for such a multi-device video system. We identified current chal-
lenges in coordinating camera controls and in adjusting the video
feedback, suggesting future system features to support these needs.
Our findings also revealed patients’ concerns behind distributing
camera controls and sharing their video stream during a video ap-
pointment, highlighting the importance of trust in remote doctor
appointments. In this section, we discuss ideas for future design
implications based on patients’ use of our system.

6.1 Support Decoupling Camera and Display

Our study revealed that decoupling the camera and display can pro-
vide more flexibility to help patients capture various body regions.
Otherwise, they must rely on the examiner’s verbal instructions
to receive feedback. When using a single device such as a mobile
phone, tablet, or desktop computer, it can be challenging for pa-
tients to see the display while capturing different parts of their
body. Current video systems typically do not support such features,
unless initiating a triadic video call by, for example, using a lap-
top and a mobile phone to join the meeting. This typically adds
further challenges in terms of positioning two devices and coping
with dual cameras, views, and audio channels. Prior research has
explored configurations for and usage of multiple devices in the
workspace [13, 72], where people might integrate several devices
simultaneously to achieve a task. However, the supported tasks
in that work are quite different from our body exam tasks. In a
workspace scenario, users usually work in a limited area and de-
vices are generally stationary without having to be highly mobile
during the tasks. In contrast, in a body exam context, the camera
and display should be able to allow patients to capture and to view
feedback simultaneously. Stevenson employed similar setups in
healthcare facilities for patients in a doctor appointment room with
multiple monitors and cameras [63]. Their study provided similar
insights about supporting examination from and mutual awareness
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of different views in remote doctor appointments. Our work ex-
tends their communication framework to the home setting, where
patients may have limited access to devices and may not have the
additional assistance that might be available in a healthcare facility.
The examining work becomes more challenging in a home setting,
as such work is at least partially transferred from the doctor to the
patient. Patients must play two roles: both examinee and examiner.
Unlike the prior work which investigates a decoupled configura-
tion in surgical interventions where the examiner dominates the
camera control [38], our work discusses considerations for this
configuration emphasizing a patients’ perspective.

To deal with positioning and orienting challenges in using two
devices, an intuitive idea is to reduce patients’ work as an exam-
iner. One approach could be decreasing patients’ work of moving
the camera or display. Previous research has explored camera con-
trol with panning and tilting functions, which can automatically
follow a user’s specific body part [15]. The system may employ
such features to capture a patients’ body movements, such as dur-
ing walking, to avoid the need for manually adjusting the camera
or giving over camera control to the doctor. The display could
also be flexible, for example, by mounting it onto flexible stand
that can support high degree-of-freedom positioning in a space
[35]. Such an assembly could provide patients with feedback on
the camera view from a range of perspectives without the need
to hold the display within their view. Prior research in surgical
collaboration explored the use of Google Glass to support infor-
mation sharing, images interaction, and shared decision making
[37], where the collaboration happens between two professionals.
The doctor-patient context in our study differs in that a notable
knowledge gap exists between them. The context involves more
instructing than collaborating, which is also validated from prior
work showing that communicative asymmetry [22] is magnified in
the use of video conferencing for medical appointments, as patients
have to take more responsibilities [1]. This suggests a design space
in considering how the patient may interpret instructions from the
doctor in the form of images or annotations when they are asked
to show a part of their body or body actions. Another approach
could be handing over camera control to the doctor. Telepresence
robots have been used in conferences or homes [44, 71] and could
potentially be used in video appointments. This would resemble
examinations in a clinic, yet the doctor would be embodied in the
robot and examining patients in their homes. However, for such a
robot solution, our participants shared concerns about showing too
much of their home space and the robot being out of their control.
Such concern is also related to doctor-patient trust relationships.
Thus, future research might explore how to manage the doctor’s
control and the coordination work between doctor and patient. In
addition, we also see emerging approaches that use smartwatches
as the display, while the phone camera is used to take photos or
record videos. A similar method could involve other wearable de-
vices, for example, smart glasses [40]. One central issue is that such
pricy devices might not be accessible to patients in their home.
Low-cost cardboard goggles where users can embed their phone
[49] might help with the display positioning issue.
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6.2 Support Distributive Camera Controls and
Adjustable Video Feedback

Conducting video appointments in the home gives patients more au-
tonomy and control over what the doctor can see. Participants were
willing to grant the minimum camera control needed to achieve
the examination task. They hoped the examiner can only see what
is necessary to assess their conditions. This raises a design chal-
lenge. Patients must be aware of what kinds of exam the doctor will
conduct, so they can set up the boundary of the camera view that
the camera may cover. This might require the virtual appointment
system to offer pre-guidance before the appointment to inform pa-
tients what might be involved in the exam. Still, the set-up process
for an appointment should be efficient to avoid occupying too much
time. To implement the control strategy of setting up the camera’s
view range, the video system should support features recognizing
patients’ bodies. Because the camera might need to be positioned
differently, the system should be able to understand which area
the camera is capturing. Prior work adopted a 360-degree camera
for video conferencing, where the local user sees a portion of the
remote environment [61, 64], which means the camera view is vir-
tually controlled. This inspires a design that could allow patients to
set up a virtual boundary that limits what the doctor can see. Prior
work [36] also explored the use of touchless interaction where the
device is distal from users, which unfolds interaction mechanisms
among devices and collaborative parties. Applying their insights to
the doctor-patient coordination context, cameras or displays from
the patient’s end could work as shared devices and could be con-
trolled by both the patient and doctor to facilitate body capturing
and presenting.

The ‘hiding the camera view’ and ‘virtual cover’ features allow
patients to show only what is necessary to examine. However, the
interface design in our current system caused confusion about
what the examiner could see. Common video doctor appointment
interface designs follow the principle of seeing what other people see.
To comply with this principle, an extra viewport could be added on
the patient’s side, showing a view that shows what the doctor can
see on their screen. Then, patients would know what the doctor is
seeing, which would reduce confusion. Another solution could be
providing clearer visual cues, for example, employing a translucent
filter, adding a camera-off icon on the camera view, or using a
pop-up prompt. Future work might explore what types of view
feedback might be easier to perceive. The transparency changes
of the unselected body area also created confusion whether the
doctor could see it. Considering that seeing one’s private body parts
could lead to discomfort, future designs should keep darkening the
unshown parts of the camera view.

6.3 Support Patients’ Trust Building During
Video Appointments

Patient trust plays an important part in doctor appointments, espe-
cially in remote settings. Prior literature often discusses patients’
trust in technology systems [27, 56] as well as their trust in medical
professionals [7, 57] in the healthcare context. Our findings also
highlight the critical role that trust plays in video doctor appoint-
ments and suggest trust-building as an important consideration for
future video appointment systems.
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When asked about concerns, our participants expressed mostly
privacy and security concerns with a video doctor appointment
system. Prior work in studying patients’ trust in technology systems
discusses the importance of the permission and consent process in
gaining trust, especially for systems that collect highly sensitive
data [33]. Our participants also discussed the needs for consent
or legal agreement during a system’s onboarding process to help
address their concerns. The system’s physical design can also help
build patients’ trust in the system by letting patients have physical
means to protect their privacy. For example, adding a physical cover
to the camera to help patients hide their camera feed, or having a
removable battery source to completely turn the device off. Thus,
both interface and physical components should be considered when
designing future video system features to support patients’ trust
building with the device.

Our study found that changes from offline to online settings (e.g.,
patients need to play roles both as an examinee and an examiner,
with camera control responsibilities in remote exams) could poten-
tially affect doctor-patient relationship dynamics. Although most
of our participants expressed their trust in doctors, they talked
about potential scenarios and tasks they feel less comfortable with
over video calls because they may not know the doctor well. The
insights on distributing camera work responsibilities between doc-
tors and patients demonstrate how patients’ trust level affects how
much control they feel comfortable giving doctors over the camera
(section 5.2). Previous work often talks about supporting doctor-
patient trust building as a more long-term process for promoting
positive health outcomes for patients [20, 25, 41], while our study
shows some insights on potential factors behind patients’ trust
during short-term video appointments. To support trust-building
over video doctor appointments, future systems should consider
design features that help doctors set a professional atmosphere and
communication, to mimic the clinical setup that patients are used
to. For example, having a built-in “start examination” feature for
patients and doctors provides step-by-step instructions for doctors
to walk through and lets patients adjust their camera feed (hide,
cover, or show everything) at the beginning of each step. Future
system design could also consider providing patients with more
transparency over what doctors can see and control during a video
appointment, to ensure doctors’ access and control match patients’
level of trust in them.

6.4 Limitations and Future Work

Our work focused on understanding the use of the camera and
display with our system prototype to generate early insights about
potential issues that might arise in real doctor appointments. This
informed our decision to study our research questions in a lab
setting using scenarios that simulated doctor appointments. This
approach allowed us to observe participants’ usage of the system
prototype closely and understand their concerns and challenges
with our design features without infringing on participants’ pri-
vacy. That said, our findings are affected by our lab setting as well
as our participants’ demographics. Having participants use the
prototype from places that are dissimilar to our lab setup might
generate different insights about the system usage and challenges.
Although we recruited participants from a broad age range, we did
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not specifically recruit people with accessibility issues or those who
were unfamiliar with technology. Future work investigating these
groups of patients’ can provide insights about their challenges in
video doctor appointments. In addition, we did not involve doctors
in our lab study nor did study our system’s features in real doctor
appointments. Future studies with doctors or using real doctor ap-
pointments as a study context can thus provide further insights on
the issues that we uncovered in our lab study.

7 CONCLUSION

We designed Dr’s Eye, a video system to support patients cap-
turing their body using separated camera and display for virtual
appointments with a doctor in a home setting. We contribute an
understanding of how people use our system in simulated medical
situations and insights into potential issues that might occur during
real medical appointments. Our findings reveal that by providing
additional freedom through an external camera device Drs Eye can
support participants in showing different body regions, while also
protecting their privacy. We highlight design challenges in terms
of operating two devices, distributing camera control, as well as
managing self-consciousness and the environmental change in the
virtual appointments. With the findings and challenges identified
from the study, our work contributes discussions of design thoughts
for future video systems, on view feedback, camera artifact usability,
and camera work collaborations.

ACKNOWLEDGMENTS
We thank NSERC for supporting our research.

REFERENCES

[1] Deepti Aggarwal, Bernd Ploderer, Frank Vetere, Mark Bradford, and Thuong
Hoang. 2016. Doctor, can you see my squats? Understanding bodily communi-
cation in video consultations for physiotherapy. In DIS 2016 - Proceedings of the
2016 ACM Conference on Designing Interactive Systems: Fuse, ACM Press, New
York, New York, USA, 1197-1208. DOLhttps://doi.org/10.1145/2901790.2901871
Deepti Aggarwal, Weiyi Zhang, Thuong Hoang, Bernd Ploderer, Frank Vetere, and
Mark Bradford. 2017. SoPhy: A wearable technology for lower limb assessment
in video consultations of physiotherapy. In Conference on Human Factors in
Computing Systems - Proceedings, Association for Computing Machinery, 3916—
3928. DOLhttps://doi.org/10.1145/3025453.3025489
Teresa Almeida, Rob Comber, Gavin Wood, Dean Saraf, and Madeline Balaam.
2016. On looking at the vagina through Labella. In Conference on Human Factors
in Computing Systems - Proceedings, ACM Press, New York, New York, USA,
1810-1821. DOLhttps://doi.org/10.1145/2858036.2858119
Morgan G. Ames, Janet Go, Joseph Kaye, and Mirjana Spasojevic. 2010. Making
love in the network closet: The benefits and work of family videochat. In Pro-
ceedings of the ACM Conference on Computer Supported Cooperative Work, CSCW,
145-154. DOL:https://doi.org/10.1145/1718918.1718946
Uddipana Baishya and Carman Neustaedter. 2017. In Your Eyes: Anytime, Any-
where Video and Audio Streaming for Couples. In Proceedings of the 2017 ACM
Conference on Computer Supported Cooperative Work and Social Computing -
CSCW ’17, 84-97. DOLhttps://doi.org/10.1145/2998181.2998200
[6] Rashid L. Bashshur, Joel D. Howell, Elizabeth A. Krupinski, Kathryn M. Harms,
Noura Bashshur, and Charles R. Doarn. 2016. The Empirical Foundations of
Telemedicine Interventions in Primary Care. Telemedicine and e-Health 22, 5
(May 2016), 342-375. DOLhttps://doi.org/10.1089/tm;j.2016.0045
[7] Karthik S. Bhat, Mohit Jain, and Neha Kumar. 2021. Infrastructuring Telehealth in
(In)Formal Patient-Doctor Contexts. Proceedings of the ACM on Human-Computer
Interaction 5, CSCW2 (October 2021), 28. DOLhttps://doi.org/10.1145/3476064
[8] Bokolo Anthony Jnr. 2020. Use of Telemedicine and Virtual Care for Remote
Treatment in Response to COVID-19 Pandemic. Journal of Medical Systems 44, 7
(2020), 1-9. DOLhttps://doi.org/10.1007/s10916-020-01596-5
[9] Michael Boyle and Saul Greenberg. 2005. The language of privacy: Learning from
video media space analysis and design. ACM Transactions on Computer-Human In-
teraction 12, 2 (June 2005), 328-370. DOLhttps://doi.org/10.1145/1067860.1067868

—_
&,

B3

[4

[5


https://doi.org/10.1145/2901790.2901871
https://doi.org/10.1145/3025453.3025489
https://doi.org/10.1145/2858036.2858119
https://doi.org/10.1145/1718918.1718946
https://doi.org/10.1145/2998181.2998200
https://doi.org/10.1089/tmj.2016.0045
https://doi.org/10.1145/3476064
https://doi.org/10.1007/s10916-020-01596-5
https://doi.org/10.1145/1067860.1067868

[10] Michael Boyle, Carman Neustaedter, and Saul Greenberg. 2009. Privacy Factors

in Video-Based Media Spaces. In Media Space: 20+ Years of Mediated Life. Springer,
London, 97-122. DOLhttps://doi.org/10.1007/978- 1-84882-483-6_7

Mylaine Breton, Nadia Deville-Stoetzel, Isabelle Gaboury, Mélanie Ann Smithman,
Janusz Kaczorowski, Marie Thérése Lussier, Jeannie Haggerty, Aude Motulsky,
Peter Nugus, Géraldine Layani, Guy Par, Gabrielle Evoy, Myléne Arsenault, Jean
Sébastien Paquette, Julien Quinty, Marie Authier, Nadjib Mokraoui, Mireille Luc,
and Marie Eve Lavoie. 2021. Telehealth in primary healthcare: A portrait of its
rapid implementation during the covid-19 pandemic. Healthcare Policy 17, 1
(August 2021), 73-90. DOLhttps://doi.org/10.12927/HCPOL.2021.26576

Jed R. Brubaker, Gina Venolia, and John C. Tang. 2012. Focusing on shared
experiences: Moving beyond the camera in video communication. In Proceedings
of the Designing Interactive Systems Conference, DIS ’12, ACM Press, New York,
New York, USA, 96-105. DOLhttps://doi.org/10.1145/2317956.2317973

Frederik Brudy, Christian Holz, Roman Rédle, Chi Jui Wu, Steven Houben,
Clemens Nylandsted Klokmose, and Nicolai Marquardt. 2019. Cross-device tax-
onomy: Survey, opportunities and challenges of interactions spanning across
multiple devices. In Conference on Human Factors in Computing Systems - Pro-
ceedings, Association for Computing Machinery, 28. DOLhttps://doi.org/10.1145/
3290605.3300792

JM Carroll. 2000. Making use: scenario-based design of human-computer interac-
tions. MIT press.

Derrick Cheng, Pei Yu Chi, Taeil Kwak, Bjérn Hartmann, and Paul Wright. 2013.
Body-Tracking Camera Control for Demonstration Videos. In Conference on
Human Factors in Computing Systems - Proceedings, Association for Computing
Machinery, 1185-1190. DOLhttps://doi.org/10.1145/2468356.2468568

Carl DiSalvo and Francine Gemperle. 2003. From Seduction to Fulfillment: The
Use of Anthropomorphic Form in Design. In Proceedings of the International
Conference on Designing Pleasurable Products and Interfaces, ACM Press, New
York, New York, USA, 67-72. DOLhttps://doi.org/10.1145/782896

Azadeh Forghani and Carman Neustaedter. 2014. The routines and needs of
grandparents and parents for grandparent-grandchild conversations over dis-
tance. In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems, ACM, New York, NY, USA, 4177-4186. DOLhttps://doi.org/10.1145/
2556288.2557255

Yumei Gan, Christian Greiffenhagen, and Stuart Reeves. 2020. Connecting Dis-
tributed Families: Camera Work for Three-party Mobile Video Calls. In Proceed-
ings of the 2020 CHI Conference on Human Factors in Computing Systems, ACM,
New York, NY, USA, 1-12. DOLhttps://doi.org/10.1145/3313831.3376704
Howard S. Gordon, Pooja Solanki, Barbara G. Bokhour, and Ravi K. Gopal. 2020.
“I'm Not Feeling Like I'm Part of the Conversation” Patients’ Perspectives on
Communicating in Clinical Video Telehealth Visits. Journal of General Internal
Medicine 35, 6 (2020), 1751-1758. DOLhttps://doi.org/10.1007/s11606-020-05673-

w
Amanda M. Hall, Paulo H. Ferreira, Christopher G. Maher, Jane Latimer, and
Manuela L. Ferreira. 2010. The influence of the therapist-patient relationship
on treatment outcome in physical rehabilitation: A systematic review. Physical
Therapy 90, 8 (August 2010), 1099-1110. DOLhttps://doi.org/10.2522/ptj.20090245
Dongqi Han, Yasamin Heshmat, Denise Y Geiskkovitch, Zixuan Tan, and Carman
Neustaedter. 2022. A Scenario-based Study of Doctors and Patients on Video
Conferencing Appointments from Home. ACM Transactions on Computer-Human
Interaction (April 2022). DOLhttps://doi.org/10.1145/3514234

Christian Heath and Paul Luff. 1992. Media Space and Communicative Asym-
metries: Preliminary Observations of Video-Mediated Interaction. Human-
Computer Interaction 7, 3 (September 1992), 315-346. DOLhttps://doi.org/10.1207/
$15327051hci0703_3

Christian Heath and Katherine Nicholls. 1986. Body Movement and Speech in
Medical Interaction. Cambridge University Press. DOLhttps://doi.org/10.1017/
cb09780511628221

Mariell Hoffmann, Mechthild Hartmann, Michel Wensing, Hans Christoph
Friederich, and Markus W. Haun. 2019. Potential for integrating mental health spe-
cialist video consultations in office-based routine primary care: Cross-sectional
qualitative study among family physicians. Journal of Medical Internet Research
21, 8 (August 2019), e13382. DOLhttps://doi.org/10.2196/13382

Nynke Holwerda, Robbert Sanderman, Grieteke Pool, Chris Hinnen, Johannes A.
Langendijk, Willem A. Bemelman, Mariét Hagedoorn, and Mirjam A.G. Sprangers.
2013. Do patients trust their physician? the role of attachment style in the patient-
physician relationship within one year after a cancer diagnosis. Acta Oncologica
52, 1 (January 2013), 110-117. DOLhttps://doi.org/10.3109/0284186X.2012.689856
Hilary Hutchinson, Wendy Mackay, Bosse Westerlund, Benjamin B Bederson,
Allison Druin, Catherine Plaisant, Michel Beaudouin-Lafon, Stéphane Conversy,
Helen Evans, Heiko Hansen, Nicolas Roussel, Bjérn Eiderbick, Sinna Lindquist,
and Yngve Sundblad. 2003. Technology probes: Inspiring design for and with
families. In Conference on Human Factors in Computing Systems - Proceedings,
ACM Press, New York, New York, USA, 17-24. DOLhttps://doi.org/10.1145/642611
Marina Jirotka, Rob Procter, Mark Hartswood, Roger Slack, Andrew Simpson,

Catelijne Coopmans, Chris Hinds, and Alex Voss. 2005. Collaboration and trust
in healthcare innovation: The eDiaMoND case study. Computer Supported Coop-

erative Work: CSCW: An International Journal 14, 4 (September 2005), 369-398.

Dr’s Eye: The Design and Evaluation of a Video Conferencing System to Support Doctor Appointments in Home Settings

[28

[29

[31

[32

(33]

[35

[36

®
=

[38

[39

[40

[42

[43

[44

[45]

CHI 23, April 23-28, 2023, Hamburg, Germany

DOTL:https://doi.org/10.1007/s10606-005-9001-0

David S. Kirk, Abigail Sellen, and Xiang Cao. 2010. Home video communication:
Mediating “closeness.” In Proceedings of the ACM Conference on Computer Sup-
ported Cooperative Work, CSCW, ACM Press, New York, New York, USA, 135-144.
DOL:https://doi.org/10.1145/1718918.1718945

Shoshana M. Landow, Ashley Mateus, Kaveri Korgavkar, Deborah Nightingale,
and Martin A. Weinstock. 2014. Teledermatology: Key factors associated with
reducing face-to-face dermatology visits. Journal of the American Academy of
Dermatology 71, 3 (September 2014), 570-576. DOLhttps://doi.org/10.1016/j jaad.
2014.02.021

Jonathan J. Lee and Joseph C. English. 2018. Teledermatology: A Review and
Update. American Journal of Clinical Dermatology 19, 2 (April 2018), 253-260.
DOTL:https://doi.org/10.1007/s40257-017-0317-6

C. LeRouge, M. J. Garfield, and A. R. Hevner. 2002. Quality attributes in
telemedicine video conferencing. Proceedings of the Annual Hawaii Interna-
tional Conference on System Sciences 2002-Janua, (2002), 2050-2059. DOIL:https:
//doi.org/10.1109/HICSS.2002.994132

Hai Lei Li, Yiu Che Chan, Jian Xiong Huang, and Stephen W. Cheng. 2020. Pilot
Study Using Telemedicine Video Consultation for Vascular Patients’ Care During
the COVID-19 Period. Annals of Vascular Surgery 68, (October 2020), 76-82.
DOLhttps://doi.org/10.1016/j.avsg.2020.06.023

Ewa Luger and Tom Rodden. 2013. An informed view on consent for ubicomp.
In UbiComp 2013 - Proceedings of the 2013 ACM International Joint Conference
on Pervasive and Ubiquitous Computing, 529-538. DOLhttps://doi.org/10.1145/
2493432.2493446

John MacCormick. 2013. Video chat with multiple cameras. In Proceedings of the
ACM Conference on Computer Supported Cooperative Work, CSCW, ACM Press,
New York, New York, USA, 195-198. DOLhttps://doi.org/10.1145/2441955.2442004
Nicolai Marquardt, Nathalie Henry Riche, Christian Holz, Hugo Romat, Michel
Pahud, Frederik Brudy, David Ledo, Chunjong Park, Molly Jane Nicholas, Teddy
Seyed, Eyal Ofek, Bongshin Lee, William A.S. Buxton, and Ken Hinckley. 2021.
AirConstellations: In-Air Device Formations for Cross-Device Interaction via
Multiple Spatially-Aware Armatures. In UIST 2021 - Proceedings of the 34th Annual
ACM Symposium on User Interface Software and Technology, Association for Com-
puting Machinery, Inc, 1252-1268. DOLhttps://doi.org/10.1145/3472749.3474820
Helena M. Mentis, Kenton O’Hara, Abigail Sellen, and Rikin Trivedi. 2012. In-
teraction proxemics and image use in neurosurgery. In Conference on Human
Factors in Computing Systems - Proceedings, 927-936. DOLhttps://doi.org/10.1145/
2207676.2208536

Helena M. Mentis, Ahmed Rahim, and Pierre Theodore. 2016. Crafting the image
in surgical telemedicine. In Proceedings of the ACM Conference on Computer
Supported Cooperative Work, CSCW, Association for Computing Machinery, 744-
755. DOL:https://doi.org/10.1145/2818048.2819978

Helena M. Mentis and Alex S. Taylor. 2013. Imaging the body: Embodied vision
in minimally invasive surgery. In Conference on Human Factors in Computing
Systems - Proceedings, 1479-1488. DOLhttps://doi.org/10.1145/2470654.2466197
Edward Alan Miller. 2003. The technical and interpersonal aspects of telemedicine:
Effects on doctor-patient communication. Journal of Telemedicine and Telecare 9,
1 (February 2003), 1-7. DOLhttps://doi.org/10.1258/135763303321159611

Stefan Mitrasinovic, Elvis Camacho, Nirali Trivedi, Julia Logan, Colson Campbell,
Robert Zilinyi, Bryan Lieber, Eliza Bruce, Blake Taylor, David Martineau, Em-
manuel L.P. Dumont, Geoff Appelboom, and E. Sander Connolly. 2015. Clinical
and surgical applications of smart glasses. Technology and Health Care 23, 4 (July
2015), 381-401. DOL:https://doi.org/10.3233/THC-150910

Alex Molassiotis, Kate Morris, and Ian Trueman. 2007. The importance of the
patient—clinician relationship in adherence to antiretroviral medication. Inter-
national Journal of Nursing Practice 13, 6 (December 2007), 370-376. DOLhttps:
//doi.org/10.1111/].1440-172X.2007.00652.X

Carman Neustaedter, Carolyn Pang, Azadeh Forghani, Erick Oduor, Serena Hill-
man, Tejinder K. Judge, Michael Massimi, and Saul Greenberg. 2015. Sharing
Domestic Life through Long-Term Video Connections. ACM Transactions on
Computer-Human Interaction 22, 1 (March 2015), 1-29. DOLhttps://doi.org/10.
1145/2696869

Carman Neustaedter, Jason Procyk, Anezka Chua, Azadeh Forghani, and Carolyn
Pang. 2020. Mobile Video Conferencing for Sharing Outdoor Leisure Activi-
ties Over Distance. Human—Computer Interaction 35, 2 (March 2020), 103-142.
DOLhttps://doi.org/10.1080/07370024.2017.1314186

Carman Neustaedter, Samarth Singhal, Rui Pan, Yasamin Heshmat, Azadeh
Forghani, and John Tang. 2018. From being there to watching: Shared and
dedicated telepresence robot usage at academic conferences. ACM Transac-
tions on Computer-Human Interaction 25, 6 (December 2018), 1-39. DOLhttps:
//doi.org/10.1145/3243213

Sarah Nouri, Elaine C. Khoong, Courtney R. Lyles, and Leah Karliner. 2020.
Addressing Equity in Telemedicine for Chronic Disease Management During the
Covid-19 Pandemic Improving Outpatient diagnosis View project Medication
Adherence View project. NEJM Catalyst 1, 3 (2020), 1-13. DOLhttps://doi.org/10.
1056/CAT.20.0123


https://doi.org/10.1007/978-1-84882-483-6_7
https://doi.org/10.12927/HCPOL.2021.26576
https://doi.org/10.1145/2317956.2317973
https://doi.org/10.1145/3290605.3300792
https://doi.org/10.1145/3290605.3300792
https://doi.org/10.1145/2468356.2468568
https://doi.org/10.1145/782896
https://doi.org/10.1145/2556288.2557255
https://doi.org/10.1145/2556288.2557255
https://doi.org/10.1145/3313831.3376704
https://doi.org/10.1007/s11606-020-05673-w
https://doi.org/10.1007/s11606-020-05673-w
https://doi.org/10.2522/ptj.20090245
https://doi.org/10.1145/3514234
https://doi.org/10.1207/s15327051hci0703_3
https://doi.org/10.1207/s15327051hci0703_3
https://doi.org/10.1017/cbo9780511628221
https://doi.org/10.1017/cbo9780511628221
https://doi.org/10.2196/13382
https://doi.org/10.3109/0284186X.2012.689856
https://doi.org/10.1145/642611
https://doi.org/10.1007/s10606-005-9001-0
https://doi.org/10.1145/1718918.1718945
https://doi.org/10.1016/j.jaad.2014.02.021
https://doi.org/10.1016/j.jaad.2014.02.021
https://doi.org/10.1007/s40257-017-0317-6
https://doi.org/10.1109/HICSS.2002.994132
https://doi.org/10.1109/HICSS.2002.994132
https://doi.org/10.1016/j.avsg.2020.06.023
https://doi.org/10.1145/2493432.2493446
https://doi.org/10.1145/2493432.2493446
https://doi.org/10.1145/2441955.2442004
https://doi.org/10.1145/3472749.3474820
https://doi.org/10.1145/2207676.2208536
https://doi.org/10.1145/2207676.2208536
https://doi.org/10.1145/2818048.2819978
https://doi.org/10.1145/2470654.2466197
https://doi.org/10.1258/135763303321159611
https://doi.org/10.3233/THC-150910
https://doi.org/10.1111/J.1440-172X.2007.00652.X
https://doi.org/10.1111/J.1440-172X.2007.00652.X
https://doi.org/10.1145/2696869
https://doi.org/10.1145/2696869
https://doi.org/10.1080/07370024.2017.1314186
https://doi.org/10.1145/3243213
https://doi.org/10.1145/3243213
https://doi.org/10.1056/CAT.20.0123
https://doi.org/10.1056/CAT.20.0123

CHI 23, April 23-28, 2023, Hamburg, Germany

[46] William Odom, John Zimmerman, Scott Davidof, Jodi Forlizzi, Anind K. Dey,

and Min Kyung Lee. 2012. A fieldwork of the future with user enactments. In
Proceedings of the Designing Interactive Systems Conference, DIS '12, ACM Press,
New York, New York, USA, 338-347. DOLhttps://doi.org/10.1145/2317956.2318008
Kenton O’Hara, Alison Black, and Matthew Lipson. 2009. Media Spaces and
Mobile Video Telephony. In Media Space 20+ Years of Mediated Life. Springer,
London, 303-323. DOLhttps://doi.org/10.1007/978- 1-84882-483-6_19
L.M.L.Ong,]. CJ.M. de Haes, A. M. Hoos, and F. B. Lammes. 1995. Doctor-patient
communication: A review of the literature. Social Science and Medicine 40, 7 (April
1995), 903-918. DOLhttps://doi.org/10.1016/0277-9536(94)00155-M

Rui Pan, Samarth Singhal, Bernhard E. Riecke, Emily Cramer, and Carman
Neustaedter. 2017. “Myeyes”: The design and evaluation of first person view
video streaming for long-distance Couples. In DIS 2017 - Proceedings of the 2017
ACM Conference on Designing Interactive Systems, ACM, New York, NY, USA,
135-146. DOLhttps://doi.org/10.1145/3064663.3064671

Teresa Pawlikowska, Colonel Jonathan Leach, Peter Lavallee, Rodger Charlton,
and Jo Piercy. 2007. Consultation models. In Learning to Consult, Rodger Charlton
(ed.). Oxford: Radcliffe Pub, 192-229. DOLhttps://doi.org/10.1201/9781315378770-
19

Tomislav Pejsa, Julian Kantor, Hrvoje Benko, Eyal Ofek, and Andrew Wilson.
2016. Room2Room: Enabling Life-Size telepresence in a projected augmented
reality environment. In Proceedings of the ACM Conference on Computer Supported
Cooperative Work, CSCW, Association for Computing Machinery, New York, New
York, USA, 1716-1725. DOLhttps://doi.org/10.1145/2818048.2819965

Rhea E Powell, Jeffrey M Henstenburg, Grace Cooper, Judd E Hollander, and
Kristin L Rising. 2017. Patient perceptions of telehealth primary care video visits.
Annals of Family Medicine 15, 3 (May 2017), 225-229. DOLhttps://doi.org/10.1370/
afm.2095

Jason Procyk, Carman Neustaedter, Carolyn Pang, Anthony Tang, and Tejinder
K Judge. 2014. Exploring video streaming in public settings: Shared geocaching
over distance using mobile video chat. In Conference on Human Factors in Com-
puting Systems - Proceedings, ACM Press, New York, New York, USA, 2163-2172.
DOL:https://doi.org/10.1145/2556288.2557198

Michael Roman and Sharon E. Jacob. 2014. Teledermatology: Virtual access
to quality dermatology care and beyond. Journal of the Dermatology Nurses’
Association 6, 6 (November 2014), 285-287. DOL:https://doi.org/10.1097/JDN.
0000000000000086

Elizabeth B.N. Sanders, Eva Brandt, and Thomas Binder. 2010. A framework for
organizing the tools and techniques of participatory design. In Proceedings of the
11th Biennial Participatory Design Conference on - PDC ’10, ACM Press, New York,
New York, USA, 195. DOLhttps://doi.org/10.1145/1900441.1900476

Mareike Schiile, Johannes Maria Kraus, Franziska Babel, and Nadine Reifiner.
2022. Patients’ Trust in Hospital Transport Robots: Evaluation of the Role of User
Dispositions, Anxiety, and Robot Characteristics. In HRI "22: Proceedings of the
2022 ACM/IEEE International Conference on Human-Robot Interaction, 246-255.
DOEL:https://doi.org/10.5555/3523760

Woosuk Seo, Ayse G. Buyuktur, Sanya Verma, Hyeryoung Kim, Sung Won Choi,
Laura Sedig, and Sun Young Park. 2021. Learning from healthcare providers’
strategies: Designing technology to support efective child patient-provider com-
munication. In Conference on Human Factors in Computing Systems - Proceed-
ings, Association for Computing Machinery. DOLhttps://doi.org/10.1145/3411764.
3445120

Lucas Martinus Seuren, Joseph Wherton, Trisha Greenhalgh, Deborah Cameron,
Christine A’Court, and Sara E. Shaw. 2019. Physical examinations via video?
Qualitative study of video examinations in heart failure, using conversation
analysis. Journal of Medical Internet Research (October 2019). DOLhttps://doi.org/
10.2196/16694

Lucas Martinus Seuren, Joseph Wherton, Trisha Greenhalgh, Deborah Cameron,
Christine A’Court, and Sara E. Shaw. 2020. Physical Examinations via Video

Donggqi Han et al.

for Patients With Heart Failure: Qualitative Study Using Conversation Analysis.
Journal of medical Internet research 22, 2 (October 2020), e16694. DOLhttps://doi.
org/10.2196/16694

[60] Jay H. Shore. 2013. Telepsychiatry: Videoconferencing in the Delivery of Psy-

chiatric Care. American Journal of Psychiatry 170, 3 (March 2013), 256-262.
DOL:https://doi.org/10.1176/appi.ajp.2012.12081064

Maximilian Speicher, Jingchen Cao, Ao Yu, Haihua Zhang, and Michael Nebeling.
2018. 360Anywhere: Mobile ad-hoc collaboration in any environment using
360 video and augmented reality. Proceedings of the ACM on Human-Computer
Interaction 2, EICS (June 2018), 1-20. DOLhttps://doi.org/10.1145/3229091

Clay Spinuzzi. 2005. The methodology of participatory design. Technical Com-
munication 52, 2 (2005), 163-174.

Duncan Roderick Stevenson. 2011. Tertiary-level telehealth: A media space ap-
plication. Computer Supported Cooperative Work 20, 1-2 (April 2011), 61-92.
DOLhttps://doi.org/10.1007/s10606-010-9125-8

Anthony Tang, Omid Fakourfar, Carman Neustaedter, and Scott Bateman. 2017.
Collaboration with 360° Videochat. In Proceedings of the 2017 Conference on
Designing Interactive Systems, ACM, New York, NY, USA, 1327-1339. DOLhttps:

//doi.org/10.1145/3064663.3064707

Anthony Tang, Michel Pahud, Kori Inkpen, Hrvoje Benko, John C. Tang, and Bill
Buxton. 2010. Three’s Company: Understanding Communication Channels in
Three-way Distributed Collaboration. Proceedings of the 2010 ACM conference
on Computer supported cooperative work - CSCW ’10 (2010), 271-280. DOLhttps:
//doi.org/10.1145/1718918.1718969

Richard Tang, Xing-Dong Yang, Scott Bateman, Joaquim Jorge, Anthony Tang,
Xing-dong Yang Scott Bateman, Joaquim Jorge, and Anthony Tang. 2015.
Physio@Home: Exploring visual guidance and feedback techniques for physio-
therapy exercises. In Proceedings of the 33rd Annual ACM Conference on Human
Factors in Computing Systems - CHI ’15 (CHI ’15), ACM, New York, NY, USA,
4123-4132. DOL:https://doi.org/10.1145/2702123.2702401

Arun Thiyagarajan, Calum Grant, Frances Griffiths, and Helen Atherton. 2020.
Exploring patients’ and clinicians’ experiences of video consultations in primary
care: A systematic scoping review. BJGP Open 4, 1 (2020), 1-8. DOLhttps://doi.
0rg/10.3399/bjgpopen20X101020

Andrea Turolla, Giacomo Rossettini, Antonello Viceconti, Alvisa Palese, and
Tommaso Geri. 2020. Musculoskeletal physical therapy during the COVID-19
pandemic: Is telerehabilitation the answer? Physical Therapy 100, 8 (August 2020),
1260-1264. DOLhttps://doi.org/10.1093/ptj/pzaa093

Baris Unver, Sarah D’Angelo, Matthew Miller, John C. Tang, Gina Venolia, and
Kori Inkpen. 2018. Hands-Free Remote Collaboration over Video: Exploring
Viewer and Streamer Reactions. In ISS 2018 - Proceedings of the 2018 ACM Interna-
tional Conference on Interactive Surfaces and Spaces, Association for Computing
Machinery, Inc, New York, New York, USA, 85-95. DOLhttps://doi.org/10.1145/
3279778.3279803

Richmond Y. Wong and Deirdre K. Mulligan. 2019. Bringing Design to the Privacy
Table. In Proceedings of the 2019 CHI Conference on Human Factors in Computing
Systems, ACM, New York, NY, USA, 1-17. DOLhttps://doi.org/10.1145/3290605.
3300492

Lillian Yang and Carman Neustaedter. 2018. Our house: Living in a long distance
relationship through a telepresence robot. Proceedings of the ACM on Human-
Computer Interaction 2, CSCW (November 2018), 1-18. DOLhttps://doi.org/10.
1145/3274459

Ye Yuan, Nathalie Riche, Nicolai Marquardt, Molly Jane Nicholas, Teddy Seyed,
Hugo Romat, Bongshin Lee, Michel Pahud, Jonathan Goldstein, Rojin Vishkaie,
Christian Holz, and Ken Hinckley. 2022. Understanding Multi-Device Usage Pat-
terns: Physical Device Configurations and Fragmented Workflows. In Conference
on Human Factors in Computing Systems - Proceedings, ACM, New York, NY, USA,
22. DOLhttps://doi.org/10.1145/3491102.3517702

TELUS Health MyCare | TELUS. Retrieved December 14, 2022 from https://www.
telus.com/en/personal-health/my-care


https://doi.org/10.1145/2317956.2318008
https://doi.org/10.1007/978-1-84882-483-6_19
https://doi.org/10.1016/0277-9536(94)00155-M
https://doi.org/10.1145/3064663.3064671
https://doi.org/10.1201/9781315378770-19
https://doi.org/10.1201/9781315378770-19
https://doi.org/10.1145/2818048.2819965
https://doi.org/10.1370/afm.2095
https://doi.org/10.1370/afm.2095
https://doi.org/10.1145/2556288.2557198
https://doi.org/10.1097/JDN.0000000000000086
https://doi.org/10.1097/JDN.0000000000000086
https://doi.org/10.1145/1900441.1900476
https://doi.org/10.5555/3523760
https://doi.org/10.1145/3411764.3445120
https://doi.org/10.1145/3411764.3445120
https://doi.org/10.2196/16694
https://doi.org/10.2196/16694
https://doi.org/10.2196/16694
https://doi.org/10.2196/16694
https://doi.org/10.1176/appi.ajp.2012.12081064
https://doi.org/10.1145/3229091
https://doi.org/10.1007/s10606-010-9125-8
https://doi.org/10.1145/3064663.3064707
https://doi.org/10.1145/3064663.3064707
https://doi.org/10.1145/1718918.1718969
https://doi.org/10.1145/1718918.1718969
https://doi.org/10.1145/2702123.2702401
https://doi.org/10.3399/bjgpopen20X101020
https://doi.org/10.3399/bjgpopen20X101020
https://doi.org/10.1093/ptj/pzaa093
https://doi.org/10.1145/3279778.3279803
https://doi.org/10.1145/3279778.3279803
https://doi.org/10.1145/3290605.3300492
https://doi.org/10.1145/3290605.3300492
https://doi.org/10.1145/3274459
https://doi.org/10.1145/3274459
https://doi.org/10.1145/3491102.3517702
https://www.telus.com/en/personal-health/my-care
https://www.telus.com/en/personal-health/my-care

	Abstract
	1 INTRODUCTION
	2 RELATED WORK
	2.1 Video Conference for Doctor Appointments
	2.2 Camera Work in Video Communication

	3 SYSTEM DESIGN
	3.1 Participatory Design with Patient Partners
	3.2 Design Characteristics and Interactivity
	3.3 The Design Process of Dr.'s Eye

	4 STUDY METHOD
	4.1 Participants
	4.2 Study Protocol
	4.3 Data Collection and Analysis

	5 FINDINGS
	5.1 Benefits and Challenges in Operating Decoupled Camera and Display
	5.2 Camera Coordination Needs between Patient and Doctor
	5.3 Patients' Perceptions of Viewing and Sharing Their Own Video Streams

	6 DISCUSSION
	6.1 Support Decoupling Camera and Display
	6.2 Support Distributive Camera Controls and Adjustable Video Feedback
	6.3 Support Patients' Trust Building During Video Appointments
	6.4 Limitations and Future Work

	7 CONCLUSION
	Acknowledgments
	References

	Permission to make digital or hard copies of all or part of this work for personal or: 
	Workshop: 
	Participant Activities: 
	Engagement  Research Goals: 
	Scenario: 
	Decouple camera and display: 
	Free capturing: 
	Hide camera view: 
	Virtual cover: 


