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ABSTRACT

COVID-19 created a great deal of personal, social, and economic anxiety in the USA and across the globe and
exposed the inadequacy of traditional medical systems in handling large-scale emergencies. While telemedicine
and virtual visits have become popular as a result, they end once a visit is over, hence lacking data persistence
and continuity in caring for patients. Using the design science research approach with support from the theory of
affordances, this paper proposes the design of a medical system (called wepital) in which patients receive care
through their real avatars, enabling hospitals and other medical centers to provide immediate care that can
continue for as long as a patient needs it. Real avatars are digital representations of patients that embody their
real-time vital signs and health information. We have created a functional prototype to demonstrate how the
proposed design can work. To assess the usability of the design, we have used the prototype in an experiment to
provide medical advice to patient volunteers. Based on a theory-based conceptual model, we collected survey
data after the experiment to identify factors contributing to the success of such a system, as measured by patient
satisfaction. We report the factors that significantly contribute to the patients’ satisfaction. As part of the
application and policy implications of our work, we propose a nationwide system that could supplement and
expand the capacity of medical systems at the national or even global level.

1. Introduction

96]). Insurance companies accepted and encouraged virtual visits, and
patients reacted positively to receiving care at home. Even hospital

Recent outbreaks of SARS, Ebola, and COVID-19 indicate the high
likelihood of more epidemics in the future. The question is whether we
can build an infrastructure to provide immediate, ubiquitous, and
persistent care, with flexible capacity manageable both at normal times
and in emergencies. Such a structure by necessity would rely on avail-
able technologies to scale up medical capacities and improve care
processes.

The year 2020 witnessed a quick rise in telemedicine (e.g., [8,13,55,

* Corresponding author.

rounds and communications with patients within hospitals became
virtual [103]. Yet, telemedicine remains disconnected from patients’
health records and vital signs. Physicians usually access patients’ re-
cords on one device and communicate with patients on another device
without access to patients’ vital signs in real time. Moreover, such care
ends as soon as the session is over, without persistence.' Patients who
need continuous care (such as older adults with chronic health issues)
are left to deal with their medical needs on their own. Patients have to

E-mail addresses: zahedi@uwm.edu (F.M. Zahedi), hzhao@uwm.edu (H. Zhao), psanvans@mcw.edu (P. Sanvanson), nitin.walia@asu.edu (N. Walia), hemant-

jain@utc.edu (H. Jain), rshaker@mcw.edu (R. Shaker).

1 Ppersistence is defined as the fact that an object or characteristic “continues to exist even after the process that created it ceases to exist or the machine it is running

on is powered off.” (Techopedia) and (Persistence (computer science) - Wikipedia)
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seek more information about their medical issues on their own and have
no chance to benefit from and share information with other patients
with similar issues or receive group information and updates. Can
technology provide a solution?

The use of technology in medicine has two sides. One side involves
technologies used by healthcare providers. Research on medical tech-
nology has focused on the provider side from robots in surgery to the
development of virtual human providers [16]. Research on virtual
humans and their use as healthcare assistants cover multiple areas, such
as health coaches [3,28], psychological evaluation and diagnostic in-
terviewers (DeVault et al. 2014; [35,51,54,92,100]), and virtual human
patients for research, training, and safety assessment of new drugs [71,
115,123] (Appendix A).

On the patient side, wearable sensors connected to mobile devices
have emerged for individuals’ health self-management and potentially
for the diagnosis, treatment, and management of diseases (Appendix B).
Despite the availability of numerous wearable sensors for tracking
health parameters and many studies of their medical applications, their
use has remained limited and anecdotal. Their usefulness has been
questioned by medical researchers as “to what end is mobile health?
Tracking and reporting data are means to an end, not the end itself”
([108], p. 963). We argue that neither research nor the industry has paid
adequate attention to the use of technology on the patient side.
Furthermore, they have yet to provide a viable and integrated online and
offline system in which providers and patients come together, allowing
patients to walk through the system with their physical self or virtual self
to receive persistent care.

This paper provides the first step to address this gap. We rely on the
design science theory [43] to propose the design of a medical system
(called wepital) with real avatars for patients, develop a prototype that
brings recent technologies together, and integrate them with the existing
process of medical care for persistent, continuous, and real-time medical
care. The integrated (online and offline) system creates a smooth process
of care and extends the capacity of hospital systems through adding
online options. Moreover, this design renders communication richness
for web-based medical care that existing online cares lack.

2. Literature Review

The use of technology in medical care has a long history. With the
advent of the Internet and smartphones and their use in telecommuni-
cation, telemedicine has become a viable option to deliver care and has
appeared under various names, such as teleHealth, eHealth, mHealth,
eVisit, virtual care, and virtual visit. In defining telemedicine, medical
research has distinguished it from health informatics early on (e.g.,
[85]). However, telemedicine goes decades back to NASA space missions
that necessitated the monitoring of astronauts’ health in real time and
the checking of their vital signs [23]. This approach did not migrate to
civilian healthcare. Although the US government started reimbursement
for telemedicine in the 1990s, technologies for public telemedicine took
less sophisticated forms—phones, emails, blogs, and later video calls
and smartphones [124], while most technology innovations concen-
trated on the healthcare providers’ side.

The US Space Program had solved this problem more than half a
century ago. While it is impossible to provide a space suit for every
citizen for an integrated system of care, the technology of wearable
sensors with apps on smartphones already exists and has exploded in
recent years. The literature reports numerous studies on the use of such
devices in dealing with various diseases and health problems, including
asthma, elderly care, heart failure, hypertension, atrial fibrillation,
insomnia, Parkinson’s disease, mental health, cognitive impairment,
and type 1 diabetes, as well as several review papers (Appendix B). This
literature reports that sensors’ alerts increase people’s awareness of
their health status.

However, serious issues continue to plague the effective use of new
technologies for medical care. (1) Online and video visits lack
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persistence, in that once the session is over, no trace of visit will remain
unless the physician captures some information about the session on
another device. (2) Online and phone visits also lack the naturalness that
patients experience in face-to-face office visits. (3) When using app data
in an offline office visit, the data on patients’ mobile phone apps leave
the office once the visit is over. (4) A database of wearable sensors® lists
421 such devices at the end of 2021, of which at least 362 are mobile
health monitoring devices [81]. With the ever-growing number of
wearable sensors with apps on smartphones, patients’ data are frag-
mented, disconnected, and scattered on a large array of devices. (5)
There is little incentive and immediacy for standardization of data and
data sharing across mobile health apps [81]. (6) It is observed that “[m]
obile health data are likely to be more useful if combined with [elec-
tronic health record] EHR data for patient or clinician use.” ([108], p.
960). Such integration requires a process and a location that are not
readily available yet [74]. This lack of persistence in sensor data pre-
vents their use in medical decision-making. (7) The control, privacy, and
ownership of sensor data, once shared, are not obvious for patients
[108].

We argue that the first step is to provide a digital representation of
the patient that can embody all health data regardless of their sources,
such as real-time vital signs and medical records, under the control of
the patient in a natural and understandable form. Therefore, the
research questions are as follows: (1) Can we design a sensor-based
online system that provides integrated and persistent care based on
each patient’s digital self? (2) Will patients be satisfied with receiving
care through such a system? We rely on the design science theory and its
guidelines [43,47,122] in addressing these research questions.

Design science research is presented and assessed through proof-of-
concept and proof-of-value and use [43,46,47,107]. Proof-of-concept
shows the feasibility and promising aspects of the design, whereas
proof-of-value and use demonstrates that the design works in action. In
this study, the proof-of-concept (Stage 1) involves demonstrating rele-
vance, presenting the overall design and its requirements, identifying
kernel theories supporting the design, and developing a working pro-
totype of the design.” Examining the rigor of our design, the
proof-of-value and use (Stage 2) involves a theory-based conceptual
model for the design assessment and data collection through a labora-
tory experiment where the physician relies on the prototype to care for
real patients. As evidence of use, we discuss the implications of our
work, including a potential nationwide use of our design and its
extension.

3. Definitions of Real Avatar and Wepital
3.1. Real Avatar

The sensor-based artifact proposed in this study is what we call “real
avatar.” Avatars are variably referred to as digital personas, aspirational
alter egos, and self-representations online [26,27,112] and have been
used extensively in multi-person online games. Avatars have human
functionalities, such as walking, talking, sitting, standing, teleporting,
and interacting with others. Research has reported the use of “medical
avatars” for communication and interactions with patients [1,67,131].
We define patient avatars as digital representations of patients. We refer
to a patient’s “real avatar” as an avatar that embodies the patient’s vital
signs (such as temperature, heart rate, and blood oxygen level) in real
time and includes the patient’s health data and medical history—the
patient’s digital self. Thus, a real avatar represents the patient more

I

2 List of Wearables | Vandrico Inc.

3 Gregor and Hevner [43], p. 337] define kernel theory as “any descriptive
theory that informs artifact construction. ...A mature body of design knowledge
should include kernel theory because such theory explains, at least in part, why
the design works”
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realistically. Moreover, since real avatars have many human function-
alities, patients can move their real avatars around and receive medical
care at different locations, similar to what is commonly done in hospitals
and clinics.

3.2. Wepital

Merriam-Webster defines a hospital as “an institution where the sick
or injured are given medical or surgical care.” It is a physical location
that has various specialties and levels of care, including ER, ICU, beds for
overnight stays, pharmacies, and medical staff. At present, there is no
web-based equivalent for a hospital. We define a wepital as a web-based
equivalent of a hospital. We purposefully avoid the word “virtual” since
patients’ real avatars digitally represent patients in real time, and the
care in a wepital is real, persistent, and continuous. A patient’s real
avatar can reside in a wepital and receive different types of care from the
medical staff for a short or long period, while the patient stays at home.

We have technologies to create wepitals. Telemedicine and even
virtual hospitals (e.g., Mercy Virtual Hospital) are already in place. The
difference is that telemedicine with video chats is not persistent, still
requires one-on-one interactions, and ends when the visit is over. Having
patients stay in the wepital with their real avatars makes it possible to
care for them continuously, ubiquitously, and in real time.

4. Stage 1. Proof of Concept

Appendix C contains an overall view of the proposed design. Fig. C.1
(Appendix C) shows the flow of data and interactions when a patient
uses his/her real avatar to receive medical care in the wepital. Fig. C.2
provides a view of the wepital structure.

Design Relevance. The following scenario demonstrates the rele-
vance of the design [43,47]. Consider that you wake up in the morning
and feel unwell. Maybe you are coming down with something that re-
sembles COVID-19. Normally you would wonder what to do next. At
several points, you must decide what to do next with little certainty. Am
I sick enough to ask for medical help? Should I wait to see what happens
next? Should I go to the ER? Instead, this morning you decide to go to
your device and open an app. This app has your avatar that communi-
cates with your smart sensors, such as your iWatch, Fitbit, Zephyr health
belt, Helo, or advanced versions thereof. Thus, your vital information is
loaded from your sensors to an armband of your avatar.

The app takes your avatar to the reception area of the wepital to
which you belong. Your avatar’s armband has your encrypted ID and
health insurance information that only the authorized receptionist
avatar can recognize. The receptionist, through his/her avatar, registers
you as a patient (you can hear and communicate with the receptionist
through the avatar-to-avatar communication.) Based on the nature of
your symptoms, you are advised to stay home while your avatar is sent
to an observation room to stay. Now, your home (or a protected part of
your home) has become a mypital or “my home-extended hospital.”

In the observation room, there are, say, 49 other patient avatars with
low-grade symptoms similar to yours. There is a nurse avatar monitoring
the patients in the observation room. Since the symptoms of patients in
this room are not severe, the nurse avatar could be a virtual human nurse
or an intelligent robot. This nurse avatar can answer simple relevant
questions, access your avatar’s armband, and connect your ID to your
medical records already in the hospital system. Using its Al algorithm,
the nurse avatar decides that you can stay in the observation room for
now, advises you to stay home, and suggests what to do and what to eat
and drink. An avatar of a real nurse may check the room at given in-
tervals to make sure all questions are answered. There are posters and
video links on the walls for you to read and watch. You talk with other
patients with similar symptoms through your avatars, sharing experi-
ences and information, all anonymously. There is little sense of isolation
and being quarantined or imprisoned at your home. It is more like a
community of patients with similar symptoms and medical conditions.
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At night, the nurse avatar notices from your sensor updates (or your
updates to the app or your verbal communication) that you have
developed a high fever. You get a notification and confirm the changes.
Your avatar is now moved to another group-care room, Room A, where
there are, say, 10 patients with a high fever. There is a nurse practitioner
behind the nurse avatar in this room, checking your vital signs and
medical records and notifying you (through your avatar) what to do.
This room is visited by a doctor avatar (with a doctor behind the avatar),
who checks the status of patients at appropriate intervals. The doctor
avatar may examine you through a private video chat (heard and seen
only by you and the doctor) if needed. You may need some medications,
which are ordered online and delivered to your home. Your avatar stays
in Room A for constant observation as you stay at your home (your
mypital).

Later your condition deteriorates, and you are told to move your
avatar to another room, Room B. Now you are continuously under
observation by a nurse or (more likely) by an intelligent robot nurse. You
continue to worsen. The robot informs a nurse. After the interaction with
you and maybe a video chat, the nurse decides that you need to be
transported to the hospital, dispatches an ambulance to your home, and
informs your physician. While in the ambulance, your admission process
takes place based on the information on your real avatar, and the on-call
physician checks your medical records and vital signs on your real
avatar and orders tests. Upon your arrival to the hospital, you are
directly transferred to your assigned room, and tests are immediately
done. No need for you to decide when to call an ambulance or whether
to go to the emergency room (ER). You do not wait in the ER, and the
admission process is already done.

Advantages of the Design. (1) You receive persistent care at home
and are moved to a hospital as soon as you need in-person hospital care,
and hence your online and offline medical care is integrated and
streamlined. (2) Your wearable sensors continuously communicate with
and send data to the medical staff in the wepital, who care for you as
soon as you need it. Thus, you avoid the uncertainty about what to do
and unnecessary trips to the ER. (3) In all stages of your care, you can
have a sense of being there in a wepital and observe how the medical
staff uses your digital self to take care of you. (4) You have the control of
your real avatar and its embedded data. You move your digital self
around and use it to communicate as though you were there. (5) You see
the embodiment of your data and can move it from one medical office to
another to receive care when needed. (6) The hospital expands its ca-
pacity through its wepital and reaches more people and service areas.

5. Kernel Theories Guiding the Design and Its Assessment

The design science theory prescribes the specification of meta-
requirement and requirements of the design, as well as kernel theories
that support the design and its assessment [43,46,47].

5.1. Meta-requirement of Design—Patient Satisfaction

The success of a design depends on its most important users. In our
case, patients are the most important consumers of medical services.
User satisfaction has emerged in numerous studies as the gold standard
for the success of a design and its implementation in the IS literature [29,
72,88]. Patient satisfaction is also the gold standard for patients’
assessment of providers [6,9,101] and in the assessment of telehealth
[84]. Hence, patient satisfaction constitutes the “meta-requirement” of
our design.” The next step is to identify the requirements for achieving
patient satisfaction.

4 Gregor and Hevner [43], p. 349] define meta-requirement as the goal of the
design.



F.M. Zahedi et al.
5.2. Theory of Affordances Supporting the Design Requirements

In specifying the overall design requirements, we rely on the theory
of affordances as a kernel theory. Gibson [41] coined the term affor-
dances as the “action capabilities available in organism-environment
systems” (Delucia and [52], p. 421). Affordance emphasizes the com-
bination of two components: the organism (animals, including humans)
and the environment [42]. Although the theory of affordances has been
applied in many areas, including the design and assessment of infor-
mation technology (e.g., Kannengiesser and Gero 2012; Volkoff and
Strong 2013 [113]), the conceptualization of affordances may vary [52].
Chemero [20] provided a succinct presentation of the theory of affor-
dances (p. 190):

Affordance = Perceived [animal, affords-BehaviorB (feature, ability)],
where the feature of the environment, together with the ability of the
animal, affords the animal BehaviorB, and affordance is the perception of
the animal about BehaviorB. The environment entails the situation or
context in which an affordance is perceived.

The theory of affordances treats an IT artifact with a “holistic view,”
avoiding the need to “decompose” it into smaller parts ([68], p. 622).
Applying this theory to the context of virtual reality and augmented
reality, Steffen et al. [113] identified four types of affordances: dimin-
ishing negative aspects of the physical world, enhancing positive aspects
of the physical world, recreating existing aspects of the physical world,
and creating aspects that do not exist in the physical world. An IT artifact
may entail features from each category. Applied to our design, the
wepital and real avatars constitute the environment that entails the
context of medical care, and patients are the user group. Patients’ en-
gagements with their relevant abilities within this environment result in
affordances. Based on the literature, we have identified three important
affordances when receiving medical care online: trust, convenience, and
telepresence.

5.3. Trust Affordance

Trust becomes essential when “the trustor depends on the trustee,
being vulnerable to its actions but unable to control its behavior” ([5], p.
3).° When receiving medical care, patients feel vulnerable since their
health is at risk, they have no expertise in dealing with the medical
problem, and they have little control over the attending physician or the
hospital/clinic that provides the settings and employs the physician.
Trust involves the beliefs that the physician or the hospital/clinic is
competent, honest, and has the patients’ best interest in mind [19,111].

5.4. Convenience Affordance

Access to medical care has a temporal dimension, which “includes
the time required to receive services and the opportunity cost of that
time. Perceived temporal access represents the self-reported time
burden and temporal convenience of receiving services” ([38], p. S643).
Patients consider convenience when seeking non-emergency medical
care. Research shows that some patients with non-emergency cases go to
the ER for convenience [120]. In the USA, patients with low-acuity
conditions visit care providers fifty million times per year and are
switching to new options (such as retail clinics, drugstore and grocery
store clinics, and home visits by a nurse) for convenience and shorter
delays in appointment [73]. The four-fold increase in retail clinic visits
to six million annually in a two-year period (2007-2009) indicates the
importance of convenience for patients in receiving non-emergency care
[73].

5 Research in multiple fields has reported that trust is a building block of
human relationships in personal and professional settings [5,39,130], as well as
in interactions with institutions [86]. The trustee could be an individual, an
object (such as an IT artifact), or an institution [69,130].
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5.5. Telepresence Affordance

Minsky [77] first coined the term “telepresence,” which referred to
the remote manipulation of physical objects. In our case, telepresence
includes (but is not limited to) the remote manipulation of an IT artifact
(real avatar).® Telepresence constitutes a perception of “being there”
and could vary depending on the environment’s interactivity ([114], p.
6). Research has shown that 3D avatars and virtual worlds increase
telepresence [82,93]. Applied to our study, the wepital constitutes a
technology-mediated environment in which patients participate with
their real avatars and receive medical care. This perception has two
components: (1) our design in creating the environment similar to a visit
with a physician in a hospital/clinic and (2) the patient who participates
in this environment and perceives it as “being there.” Thus, telepresence
meets the definition of an affordance—an environment and the patient
who uses it for a medical visit.

5.6. Kernel Theory Guiding Telepresence Design

How should telepresence’s vividness and interactivity be incorpo-
rated into the design? One way is to build a campus with buildings and
objects in the virtual environment that creates a vivid sense of being in a
medical environment and has the capability of being interactive
(Fig. C.2 in Appendix C). But what should guide the design of commu-
nication media for interactivity? The kernel theory that supports the
design of communication media is a synthesis of the media synchronicity
theory [30] and media naturalness theory [57-59], which were both
developed as alternatives to and extensions of the media richness the-
ory.” We use a synthesis of media richness, synchronicity, and natural-
ness and argue that caring for patients requires a rich set of alternative
media that meets the patient-physician communication needs and
comes close to face-to-face interactions to promote the interactivity and
vividness of the design. The prototype illustrates how the affordances
are incorporated in our design.

6. The Prototype—Wepital with Real Avatars and Video Links

In a dual-institution (a business school and a medical college)
collaboration, we have built a prototype wepital campus on our land in
Second Life©, with the following features.

6.1. Real Avatar

What makes persistent care for patients in the wepital possible is the
real avatar. The challenge is to have the real avatar embody the patient’s
vital signs. We used sensors that can send patient vital signs to a cloud
database. The sensors we used include FDA-approved BioHarness (by
Zephyr, which was later acquired by Medtronic), oximeter, weight scale,
and blood pressure sensors. The FDA approval of a wearable sensor is the

6 Steuer [114] adopted the term and contrasted two perceptions of environ-
ment: presence and telepresence. Presence is “the sense of being in an envi-
ronment” (p. 6). In contrast, telepresence is the perception of being in an
environment that is mediated by technology, which has vividness and inter-
activity [82,97,114,118]. In using virtual reality, a person perceives two envi-
ronments simultaneously, the physical environment in which the person is
located and the technology-mediated environment [114].

7 The media richness theory argues that communication media should be rich
to reduce equivocality and uncertainty of the communication [24]. It defines
the richness of communication as the ability to use multiple communication
cues and information (such as tone of voice or facial expressions) and receive
immediate feedback. The shortcomings of the media richness theory (e.g.,
[116]) led to two subsequent theories. (1) The media synchronicity theory ar-
gues that the richness of the media should fit the communication needs of the
task at hand [30]. (2) The media naturalness theory defines the richness of the
media as how close it comes to face-to-face communication [58].
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Fig. 1. Patient Real Avatar in the Wepital.

evidence for its measurement quality (Muzny et al. 2019; [108]).% All
sensors can connect to Zephyr’s mobile app through Bluetooth. The app
uploads patients’ vital signs to Zephyr’s cloud database. We wrote a
program to download the vital signs from the cloud database in real time
and upload them to the avatars we created in Second Life©. The
remotely sensed vital signs are loaded to a green armband worn on the
patient’s real avatar.

Fig. 1 shows the implementation of the design (reported in Fig. C.1,
Appendix C). The data flow (1) from the sensors (attached to the pa-
tient’s body) to an app on a mobile device, (2) which sends the vital
signs to the Zephyr/Medtronic cloud database, (3) which in turn are
downloaded to our database, and (4) which is then uploaded to the
green armband of the patient’s avatar in the wepital. This way, the
avatar embodies the patient’s vital signs in real time.

It is possible to load the patient’s medical records and IDs to the
avatar. Since the Health Insurance Portability and Accountability Act of
1996 (HIPAA) restrictions at present prohibit our access to patients’
medical records, this aspect can only be applied in the actual imple-
mentation of our design by hospitals and clinics. Such addition may be
less complicated since most of patients’ medical records do not need
update in real time. Furthermore, patients can see where their data
reside and conveniently move their real avatars from one wepital to
another, boosting their sense of convenience and trust in using the
system.

6.2. Wepital Campus

In instantiating the overall design (outlined in Fig. C.2, Appendix C),
we built a wepital campus with multiple areas and buildings, including
an arrival space where avatars land when patients log into the wepital,
an auditorium/ observation building, a physician building, a reception
building, and others [131,132].

8 The accuracy of wearable sensor data is an important issue. FDA regulates
medical sensor devices, and wearable medial sensors fall in this category [108].
FDA has established a certification process for such sensors. Furthermore, the
federal government now has a set of new regulations called “software as a
medical device,” which expands the definition of medical devices under the
FDA watch for quality and accuracy (Software as a Medical Device (SaMD) |
FDA).

6.3. Buildings

The auditorium/observation building has a large conference room
for patient avatars under observation and a podium for nurses to observe
patient avatars. The physician building contains multiple offices (A, B,
and C). Office A is a room for group visits with the physician, Office B for
one-on-one visits with the physician, and Office C for emergency ex-
aminations of patients’ avatars. The design of the buildings emulates
familiar pleasant and airy architectures, hence promoting the synchro-
nicity and naturalness of the wepital environment. The reception
building has a reception area for patient avatars to register or schedule a
visit.

The building of the wepital campus went through multiple iterations,
including consulting with a Second Life© expert, eliciting feedback from
physicians, and testing with student participants. We also presented our
design to health community leaders in our state. We made many ad-
justments accordingly. For example, early on, we had a speaker wand
that is passed to each speaker to control who should speak next. In
testing the prototype, we found that such a wand is not needed and could
interrupt the flow of interaction.

6.4. Teleporting

We included teleporting stations in the reception building and
physician building. By clicking the stations, an avatar can teleport back
and forth between the two buildings. This avoids the need for patients to
walk their avatars down the path between the buildings, hence saving
time and increasing the convenience of moving around in the wepital.

6.5. Trust Cues

It is shown that trust can be calibrated by providing information and
settings that promote trust [21]. To this end, each avatar is assigned a
fictitious name, and only authorized caregivers know the identity of the
patient behind the avatar. This anonymity protects patients’ privacy
[110] and enhances their trust in the wepital. To further protect the
privacy and promote the trust of each patient, only the patient and
authorized caregivers can click the armband and see the vital data in real
time.

To further boost trust and vividity, we included cues, such as signs
from the two universities involved in this project, both well-known in
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Fig. 2. Access to a Patient’s Real-time Vital Signs in the Wepital.

the area. The wepital campus includes the facade of one of the university
buildings (where most data collection took place for the experiment).
Physician avatars wear white coats common in offline visits.

We added numerous cues to the wepital campus to give patients a
sense of vivid and immersive experience—patients feeling as if they
were visiting a medical campus. These cues include trees and bushes
outside, plants inside offices, windows with views of the sky and
greeneries, appropriate signages, automatic doors for patient avatars to
pass through, medical exam tables for patient avatars to sit on for one-
on-one visits, doctor chairs for one-on-one examination, chairs ar-
ranged in a semi-circle for patient avatars to sit on for group visits, and
medical objects, including wheelchairs, hospital infusion stands, and X-
ray-reader screens.

6.6. Communication Methods

In the wepital, caregivers’ and patients’ avatars have multiple op-
tions for communication, including voice, text message, and body ges-
tures, and use them as desired, thus increasing the media synchronicity
and naturalness in the wepital. If a patient desires to avoid speaking for
utmost privacy, he/she can use text and gestural cues to communicate
with the medical staff.

6.7. Video Visit

The wepital has a video component that allows the doctor to see and
examine a patient one-on-one via a video link, which provides the
maximum synchronicity and naturalness cues, while preserving the
privacy of the patient in a group setting. When a video visit is needed,
the doctor and patient can click on a secure link provided in the patient’s
green armband, visible only to the patient and attending doctor. We
used ustream.tv’, which was later acquired by IBM. This component is
now changed to Zoom.

Fig. 2 shows the group office, where patients visit the physician in a
group setting. When the physician clicks on a patient’s green armband, a
window opens (only visible to the physician and the patient, thus pre-
serving privacy and increasing trust). It has the patient’s vital signs and a

2 www.ustream.tv

link for a one-on-one video visit. When the physician needs to “see” the
patient, both would click on the link to have a private video consulta-
tion. Since the patient can always mute the voice of his/her real avatar in
the group room, the one-on-one video conversations remain private,
hence preserving privacy.

6.8. Persistent Care

For patients who need to be under observation, they would be asked
to move their avatars to the auditorium/observation building (Fig. 3). A
nurse would have access to their vital signs on the Zephyr/Medtronic
secure Web portal. The nurse (or an intelligent robot nurse) can
continuously monitor their vital signs in the observation room. More-
over, the patients can continue to ask the nurse questions or interact
with other patients’ avatars.

7. Stage 2. Proof of Value and Use: The Assessment Model

For the proof-of-value and use, we assessed our design by using the
prototype in a theory-guided laboratory experiment with real patients
(conducted prior to COVID-19). The patients visited a physician (who
was attending with his avatar) in the wepital with their real avatars and
then took a survey after the visit, providing data for the assessment of
the success of the wepital visit.

7.1. Design Rigor

We conceptualized a theory-based model to assess the salient factors
that contribute to the successful use of the wepital design from the
perspective of patients, as shown in Fig. 4. The measure of success is
patient satisfaction with the physician in the wepital. We continue to
rely on the theory of affordances as the kernel theory in hypothesizing
how design affordances impact satisfaction—the meta-requirement of
the design.

7.2. Telepresence Affordance—Satisfaction

Telepresence affordance varies across patients. Those who enjoy new
experiences are more willing to try new venues for receiving medical
care. Such people will have a higher perception of telepresence.
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Fig. 4. Wepital Patient Satisfaction Model.

Research has shown that telepresence enhances enjoyment [61,82]. HI1. The telepresence affordance of patient-wepital visit is positively
People approach the experience with positive anticipation and curiosity, associated with patient satisfaction.
increasing their focus on being in the wepital and participating in the
interactions. Their active participations lead to more engagement with
the physician, and hence more satisfaction with the physician. Thus, we 7.3. Time Convenience Affordance— Satisfaction
posit the following:
Since the COVID-19 pandemic, editorials and policy



F.M. Zahedi et al.

Information & Management 59 (2022) 103706

Control: Gender
M=1, F=2 23%%*
Flexibility about | 70+** H5 Telepresence
Method of Care R2=,54***
B3 F**
H6
: ) Satisfaction
R Time Convenience . . .
Lack of Privacy -— R2=.40%** with Physician
Concern 7 _ R2=,85%**
ns
H8
Trust
Understanding | H3— R2=,73***
Information 65

Real Avatar

¥*%¥p<0.001 **p<.01

Age (ns), education (ns), severity of symptoms (ns), satisfaction with one’s clinic (ns
g Y ymp

Fig. 5. Estimated Wepital Patient Satisfaction Model.

recommendations point to Internet-based care delivery as a convenient
alternative (e.g., [135]). In the case of the wepital, the time convenience
includes eliminating the travel time to access medical care depending on
the patient’s location and the availability of needed medical specialty.
Therefore, time convenience is an affordance as perceived by each pa-
tient using the wepital. Research has shown that patients’ perception of
convenience influences their satisfaction with the care they receive (e.g.,
[38].) Hence, we posit the following:

H2. The time convenience affordance of patient-wepital visit is positively
associated with patient satisfaction.

7.4. Trust Affordance—Satisfaction

Trust has emerged as beliefs about the trustee’s competence,
benevolence, and integrity. In this study, trust refers to trust beliefs. The
ideal view of beliefs refers to them as “a single corpus of beliefs which (a)
is consistent and deductively closed, and (b) guides all of the (rational,
deliberate, intentional) actions all of the time” ([34], p. 48). However,
beliefs are fragmented and emergent from experiences and perceptions.
“A belief-forming mechanism—for example, visual perception—pre-
sents us with a candidate object of belief” ([34], p. 54). Research has
supported the view that beliefs evolve from experiences and exposure to
environments and objects in different contexts [21,130]. Therefore, we
argue that as patients experience the wepital, they form the trust
affordance needed to visit the physician who operates within the
wepital. A higher level of trust increases satisfaction [133]. Hence, we
posit the following:

H3. The trust affordance of patient-wepital visit is positively associated
with patient satisfaction.

7.5. Real Avatar Affordance—Satisfaction

People may create avatars for self-representation online as an ideal
self, a fantasy self, or a realistic self (Messinger et al. 2008; [117]).
Studies have proposed standards for “universal avatars” that can work in
different virtual settings and across platforms (Domer 1997; [75]). Ap-
ple’s avatar patent indicates that the company is working on avatars that

can operate across apps and platforms. '’

Research shows that avatars can change people’s self-perceptions,
attitudes, and behaviors [60,75,129].'" Research also shows that, in
creating their own avatars, people tend to keep their core personal
identifiers (such as race and gender) but may enhance their physical
appearances [75].

Different fields, including healthcare, have begun to explore relying
on avatars for communication. Research has reported on cases where
providers rely on avatars to deal with medical issues (such as obesity,
neurological disorder, and mental health), help patients visualize their
healthy self, simulate personalized drug management, and track health
progress [48,67,76,95,98]. We argue that adding real-time vital signs
(and potentially medical records) to a patient’s avatar creates an avatar
that closely represents the patient and increases the bond between the
patient and avatar. Therefore, having a real avatar creates the percep-
tion of a realistic self-representation and enhances patients’
self-identification with their avatars. This brings the experience of
visiting the wepital closer to the familiar office visit, thus increasing the
patient’s satisfaction with the wepital. Hence, we posit the following:

H4. Having a real avatar is positively associated with patient satisfaction.

7.6. Impact of Patient Predisposition: Flexibility About Medical Care

Patients’ predispositions play a part in forming their affordance
perceptions. One such predisposition is being flexible about the venue in
which they receive medical care. Research shows that biological systems
tend to resist change and revert to the status quo to maintain equilibrium
and homeostasis [62]. Some people have a similar tendency. Resistance
to change is a preference for the status quo. People may resist change
because of the perception of threat, such as loss of control, fear of un-
certainty, lack of knowledge, and concerns about cost and effort [12,
121]. On the flip side, some people are more inclined to have

10 https://www.inverse.com/article/28150-apple-avatar-patent
11 Such changes are called the “Proteus effect,” a reference to the Greek god
Proteus who was able to change his shape [60].
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variety-seeking tendencies, which are defined as the tendency to choose
an option that are different from the previous one [56].

Research has studied reasons and motivations for variety-seeking
tendencies. Multiple disciplines, including psychology, marketing, and
economics, have examined the motivations, sources, and types of such
tendencies [70]. Motivations can be derived (such as trying new options
including balancing between choices to achieve desired outcomes,
addressing a need, reducing uncertainty, and dealing with a given sit-
uation) or direct (such as having a novel experience, enjoyment, and
gaining social status) [53,70,94,105]. Culture also plays a role in
variety-seeking as a means of self-expression [56].

In choosing options for receiving medical care, the variety-seeking
tendency could have similar motivations, including having more than
one option for receiving medical care, balancing between the required
time and effort in receiving medical care, enjoying new experiences with
technology, prior experiences, prior knowledge, or dealing with a given
medical situation. Variety-seeking could be a general tendency or spe-
cific to a given context. In our case, we focus on variety-seeking in terms
of choosing the venue to receive medical care, which we call flexibility
about method of care. Having such a flexibility gives people more pos-
itive views about their experience of receiving care in the wepital and in
assessing the affordances of the wepital. In other words, flexibility about
method of care is one of the “abilities” of patients that contribute to the
telepresence, convenience, and trust affordances. Hence, we posit the
following:

Hb5. Flexibility about method of care is positively associated with tele-
presence affordance of the wepital.

H6. Flexibility about method of care is positively associated with time
convenience affordance of the wepital.

H7. Flexibility about method of care is positively associated with trust
affordance in the wepital.

7.7. Impact of Patient Predisposition: Lack of Privacy Concern

HIPAA protects the privacy and security of patients’ medical infor-
mation and treats the privacy of medical records as an enforceable right.
People tend to be protective of their sensitive personal, especially
financial and medical information. Rising incidents of data breaches in
large corporations and governmental institutions have raised people’s
awareness about protecting their sensitive data in the online environ-
ment. Research has measured privacy in different forms, but privacy
concern (or lack thereof) has emerged as an appropriate construct for
the measurement of privacy [4,127]. Privacy concern is the extent of
people’s worries that their personal information could become the
subject of opportunistic behaviors or the source of embarrassment [5].
People who worry about their privacy tend to be hesitant to trust,
especially in the online environment.

Studies on privacy concern about personal information in finance, e-
commerce, and online medical visits have reported that privacy concern
has a negative effect on trust. Conversely, the lack of privacy concern has
a positive influence on trust [5,50,131]. Applied to the present context,
the lack of privacy concern is a patient predisposition that promotes
trust affordance in the wepital. Hence, we posit the following:

HS8. Lack of privacy concern is positively associated with trust affordance
in the wepital.

7.8. Impact of Patient Predisposition: Understanding Information

Research and practice in healthcare have emphasized the importance
of patient-provider communication in the care process [32]. Depending
on their personal characteristics, patients vary in their perception about
their communications with their providers [32]. In virtual visits, pa-
tients simultaneously operate in two worlds—virtual and physical. Some
medical fields take advantage of this duality by using virtual worlds to
distract patients from various physical circumstances, such as physical
pain, dependency on opioids, or dentist-office anxiety [44,106,125].
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The two-world distraction could exist in reverse. Disease symptoms and
physical environment could distract some patients from fully attending
to the communication in virtual worlds. Some people need to focus on
reading lips and body language to understand the verbal information.
Even the immersive nature of virtual worlds could distract some patients
from fully attending to and understanding the information [82]. At the
same time, understanding what is being communicated is essential in
forming trust [111,131]. This is particularly important in medical visits
since the information could critically impact a patient’s well-being.
Therefore, we argue that patients’ understanding of information in the
wepital is positively associated with trust affordance. Hence, we posit
the following:

H9. Understanding information in the wepital is positively associated with
trust affordance in the wepital.

7.9. Control Variables

Several control variables could influence the successful use of the
wepital. Patients’ demographics may influence their perceptions about
the visit in the wepital. Furthermore, satisfaction with their own phys-
ical clinic and the severity of their symptoms may influence their per-
ceptions and experience of visiting the physician in the wepital (Fig. 4).

8. Experiment and Data Collection
8.1. Experiment Design

We used our wepital prototype to carry out an experiment with real
patients with gastrointestinal (GI) problems. We chose GI problems
because they are chronic diseases suitable for our IRB requirement, we
had a GI specialist physician participating in the experiment, and more
than 60 million people in the USA suffer from them. '*> We received a
strict IRB permission for our experiment from the gastroenterology
clinic of a hospital associated with a Midwestern medical school. The
IRB approval process went through a prolonged and extensive scrutiny.
To examine the impact of real avatars on patients’ satisfaction, we
recruited two groups of volunteer patients for the experiment, one group
without wearable sensors (using a regular avatar) and the other with
wearable sensors (using the real avatar). We collected data for the two
groups at two different time intervals since the physician needed to
follow a fixed script that excluded/included reading patients’ vital signs
from their sensor armbands. Appendix D reports details of the recruit-
ment and experiment.

8.2. Data Collection

Patients attended the group settings, as uniquely enabled by the
wepital to protect patient anonymity, normally with two people in each
session. Due to difficulty in scheduling patient visits, if a patient
volunteer had to cancel at the last minute, one of the authors attended
the session as the second patient with a patient avatar and went through
a scenario with a given set of symptoms, questions, and responses to the
physician questions and had a video visit, giving the volunteer the same
impression of a group session, to preserve the consistency of data
collection for all volunteers. Patients took an online survey on the
wepital after the visit. We collected data from 63 patients (29 with and
34 without vital signs added to their avatars). Since two participants
(with sensors) refused the one-on-one video visit, we removed their data
in the analysis for consistency. Thus, the data analysis was based on data
from 61 patients.

12 In the USA, more than 60 million people suffer from heart burn and related
GI issues (webmd.com, accessed in 12/2021).
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9. Data Analysis and Results

Whenever possible, we adopted scales from the literature for
measuring the model constructs. Based on the literature guideline, we
converted all scales to semantic differential scales to ensure content
validity and reduce the common method bias (CMB) [22,91].]3
Appendix E reports the construct definitions and main sources.
Appendix F reports the instrument used to collect patient data at the end
of the experiment. Appendix G reports demographics of the participants.

9.1. Data Analysis

After the data collection, we used a marker variable to purify the
collected data by regressing each measured item on the marker variable
and capturing the residual of the regression analysis. The captured
regression residual replaced the measured item [40,91]. We used the
dataset consisting of the columns of captured residuals for our analysis.
These precautions addressed the potential threat of CMB in our data.

We performed exploratory factor analysis (EFA) of the constructs.
Appendix H reports the results of EFA. All items appropriately loaded to
their respective constructs. There was no cross-loading of more than
0.40 (the one minor exception was 0.401). EFA results supported the
convergent and discriminant validity of the constructs. We checked for
the reliability and validity of constructs in multiple ways, as reported in
Appendix 1. We used Mplus for model estimation.'* Appendix J reports
the fit indices for the estimation of the measurement model, as well as
for the estimated model. All fit indices of measurement-model estima-
tion were desirably above or below the corresponding thresholds, indi-
cating a good model fit. Appendix K reports the confirmatory factor
loadings in the measurement model. All factor loadings in the mea-
surement model were above 0.89, and all R? values were above 0.73
with highly significant t-values. The results for the measurement model
provided additional support for the discriminant and convergent val-
idity of the constructs. We then estimated the Wepital Patient Satisfac-
tion Model (Fig. 4) using the MLM method in Mplus.

9.2. Results

All but one fit indices for the estimated model were desirably above
or below the corresponding threshold levels. The only exception was the
standardized root mean square residual (SRMR), which was slightly
above the threshold. This was due to the relatively small size of our
sample. Asparauhov and Muthén [2] point out that for small samples,
the SRMR above 0.08 commonly occurs and should not be a cause for
concern.'” Fig. 5 reports the estimated model.

The statistically significant R? values provided further support for
model fit. Patient satisfaction with a physician had an R value of 0.85
(p<0.001). Telepresence, convenience, and trust had R? values of 0.54,
0.40, and 0.73, respectively, all with significant p-values well below

13 We took several precautions to avoid the threat of CMB as recommended in
the literature ([22]; MacKenzie and Podsakoff 2012; [91]). CMB is defined as
biases attributable to the measurement method and not to the intended con-
structs [91]. We used neutral words and semantic differential scales in devel-
oping the instrument. We added one marker to the instrument for the purpose
of purifying the data.

14 We chose the mean-adjusted maximum likelihood (MLM) method in Mplus
for the measurement model and model estimations. The reason for this choice
was that MLM adjusts for any non-linearity in the dataset.

15 “These larger SRMR values can occur quite often when the sample size is
200 or less; however, this is not a reason to doubt the null model and the exact
fit conclusion holds. In small samples, there is less certainty in the sample and
the estimated correlations, and there is natural sampling variation that con-
tributes to the larger SRMR values. Regardless, when the exact fit holds, even if
SRMR> 0.08, the model should be considered well fitting.” Asparauhov and
Muthén [2], p. 4].
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0.001. Together, the fit indices showed a satisfactory model fit.

Fig. 5 shows the standardized path coefficients of the model and their
levels of significance and corresponding hypotheses. Telepresence
affordance had a path coefficient of 0.41 (p<0.001), supporting HI.
Similarly, convenience and trust affordances had significant path co-
efficients of 0.33 and 0.43 (p<0.001 for both), supporting H2 and H3.
Having real avatars had significant positive association with patient
satisfaction, with a coefficient of 0.11 (p<0.01), supporting H4.

H5-HO9 reflect the influences of patients’ predispositions on their
perceptions of affordances. Flexibility about method of care had a strong
influence on telepresence, convenience, and trust affordances (H-H7)
with coefficients of 0.70, 0.63, and 0.29 (all at p<0.001), respectively,
indicating that patients with this predisposition could be more likely to
form positive perceptions of affordances about the wepital. An unex-
pected result was that lack of privacy concern did not show a significant
influence on trust (H8). Understanding information exerted a strong
influence on trust in the wepital, with a path coefficient of 0.65
(p<0.001), supporting H9.

9.3. Control Variable Results

Except for gender, none of the control variables was statistically
significant. Fig. 5 shows that women were more likely to perceive tel-
epresence affordance, with a path coefficient of 0.23 (p<0.001).

10. Discussion

Several serious gaps in online medical services and use of mHealth
prompted our first research question: whether we can design a sensor-
based online system that provides integrated and persistent care based
on each patient’s digital self. In addressing this research question, we
presented a theory-based design. The proof-of-concept stage showed the
feasibility of our design. This design has persistence and comes close to a
natural interaction in medical offices. It addresses the fragmentation of
data across various medical disciplines [90], provides a mechanism for
the integration of patients’ mHealth data and electronic health records
as has been called for in the medical literature [108], and motivates the
standardization and interoperability of data across medical sensors [81].
It gives a patient control of his/her real avatar, its movements, and
embedded health data. Furthermore, the anonymity of patients in a
group setting allows them to benefit from other patients’ information,
experiences, and social interactions, while their true identities are
protected.

Our proof-of-value and use involved a limited experiment with real
patients using the prototype, in response to our second research ques-
tion: whether patients will be satisfied with receiving care through our
designed system. The results show that our design could be successful in
terms of patient satisfaction—the meta requirement. Affordances of
trust, convenience, and telepresence can lead to the successful imple-
mentation of wepitals. Furthermore, people who have more flexibility
about method of care and better understand information in the wepital
settings would be among the first group willing to receive care in
wepitals, with women being more willing to do so. Wepitals, like their
hospital counterparts, need to provide a high level of security and pri-
vacy for patients to foster trust.

To gain a better understanding of the patients’ views about real av-
atars, we asked questions regarding their feelings and beliefs about their
real avatars. Fig. 6 shows that the patients had favorable feelings and
beliefs about their real avatars, hence supporting the value and use of
our design.

11. Implications
11.1. Theory Implications

Our work shows that real avatars have the potential to represent
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Patients' Feelings about Their Real Avatars
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Fig. 6. Patients’ Feelings and Beliefs about Their Real Avatars*.
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*Measured on continuous scales from 0 to 10. Feelings: having high anxiety (0)/having little anxiety (10); very negative (0)/very positive (10); not having fun at all
(0)/having a lot of fun (10); not enjoyable at all (0)/enjoyable for sure (10); not pleasant at all (0)/quite pleasant for sure (10); very frustrated (0)/quite relaxed (10);
very unsafe (0)/quite safe (10); not satisfied at all (0)/very satisfied (10). Beliefs: not useful at all (0)/very useful (10); not a real experience at all (0)/like a real
experience (10); requires too much effort (0)/requires little effort (10); requires too much cost (0)/requires little cost (10); not a real option for me (0)/a real option

for me (10).

people in critical contexts, such as medical care. Our work also points to
possible patients’ emotional attachment to their avatars as a mode of
self-representation when the avatars carry private and biological ele-
ments. Although avatars as the next mode of communication have
appeared on the technology horizon, real avatars as digital self could go
beyond communication and open pathways to novel methods of living
and social life.

Our work also demonstrates that the theory of affordances is an
appropriate framework for theory-based assessment of design success.
Of particular importance is technology design for healthcare delivery.
Patient-based technologies, such as sensors and monitors, play
increasing roles in healthcare. Our approach provides medical-
technology researchers and developers with a theoretical basis to test
their technology-assisted delivery modes. They could use the theory to
discover affordances that contribute to the success of their design and
identify predispositions of patients who would be early adopters of their
new modes of delivery.

Another theoretical contribution of our work is the identification of
affordances that explain a large variation in patient satisfaction when
using online delivery of medical care. Many approaches in telemedicine,
e-health, and virtual health do not consider the importance of tele-
presence in helping patients feel they are receiving care at par with visits
in physical offices. Our work points to the importance of telepresence in
the design of web-based care delivery.

Medical research has identified the importance of trust in physical
encounters between patients and care providers. Our work shows that
trust plays the same important role in web-based care, and patients’
understanding contributes significantly to forming such trust. As Al and
robots take up a role in patient care, trust affordance should play a
significant role in theory-based assessment of such technologies.

11.2. Practical and Policy Implications

IS research has received criticism for its inadequate discussions of
relevance, practical applications, and policy recommendations [78],
which would provide further support for design rigor [46]. In response
to this, we describe how our work could have far-reaching applications
and policy implications for extending medical capacities, as well as re-
quirements for such implementations.

11

First, our design makes it possible to provide persistent care for pa-
tients while they stay at home. This expands the hospital capacity to
patients’ homes (mypital) while their real avatars are continuously
being monitored by a nurse or intelligent robot nurse in different rooms,
depending on the type of diagnostic and severity of symptoms, in the
wepital. Patients do not need to decide when and how to seek help, call
an ambulance, or go to the ER.

Second, short-term rehab centers, nursing homes, and other in-
stitutions that provide care for patients after hospitalization or for
chronic diseases also benefit from this approach. By having sensors on
patients to provide real-time data to avatars in wepitals, medical experts
and nurses assisted by intelligent robot nurses can continuously monitor
patients under their care in the wepital and take immediate action when
patients’ real avatars signal an emergency. Patients’ loved ones and
family members responsible for the patients’ medical care can, with
appropriate permissions and access, monitor the well-being and health
status of the patients.

Third, our work promotes the creation of pools of qualified and
credentialed medical staff (let us call them docpitals, short for doctor-
extended hospitals) who can treat patients in wepitals across state bor-
ders. When a hospital becomes short of medical staff, it can ask for help
from qualified medical staff in docpitals to cover certain shifts or certain
wepital rooms. As shown in Fig. 7, hospitals can extend their physical
and staff capacity by adding patients’ rooms at home (mypitals), virtual
human supervisors in wepitals, and medical staff in docpitals. In times of
extreme need, hospitals can immediately increase capacity by adding
more rooms to their wepitals and staffing their wepitals with additional
intelligent robots, virtual human providers, and medical staff in docpi-
tals. Thus, hospitals will have the capacity and capability to better
handle pandemics on short notice. More importantly, they will have the
capability to extend their resources to remote parts of the country or
even the globe.

Fourth, our work also makes it possible for hospitals to transfer a
patient’s avatar to another hospital’s wepital for various reasons, such as
to a hospital with more expertise, for a second opinion, or upon the
patient’s request. The patient’s avatar (which embodies all his/her
medical records) can easily teleport to another wepital.

Fifth, in an advanced application, states can create an infrastructure
that facilitates such movements. Each state or city (depending on the
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Fig. 7. Extending Hospitals’ Capacity and Providing Persistent Care.
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Fig. 8. An Advanced Application at State and National Levels.

12



F.M. Zahedi et al.

number of its hospitals and its population) can create a hub, called a
wepital hub, on which its hospitals set up their wepitals. Each hub is
supervised for security and compliance at the state level. The collection
of wepital hubs creates the US Medical Care Internet, which should be
regulated at the federal level for security and compliance (Fig. 8). State
and federal governments can provide medical services to more people
and handle medical crises with more options and resources. They can
disseminate health information and educational materials in wepitals
when people have the time and motivation to receive such information
and education.

Sixth, another application of our work is extending patients’ real
avatars to the organ level. At present, medical records are displayed on
screens and interfaces that are not natural to understand for a non-
technical person. Patients’ avatars could become an interface for pre-
senting health information at the organ level. For example, the data,
background information, and medications related to heart could be
displayed on the avatar’s heart, even in multiple languages. Patients and
physicians can retrieve the information by clicking the avatar’s heart.
This way, patients and physicians will have a common point of reference
for communication and understanding. For information that relates to
multiple organs or the entire body, armbands, and other avatar acces-
sories could be used for points of access (Fig. 9a).

Seventh, physicians’ avatars could be extended to include their job-
related information, such as their patient schedules and patients under
persistent care in wepitals. Physicians’ avatars could become real by
adding real-time information to their avatars, as shown in Fig. 9b.
Physicians can have immediate access to patients’ full information, use
their own real avatars as a central point of access to their schedules,
messages, and emergency information, become part of docpitals to
extend their service areas, and work from home if desired.

Eighth, patients can access the medical care they need and receive
persistent care whether they stay at home or remain in care facilities.
While in a wepital, patients can talk with other patients about their
experiences, learn from each other, avoid unnecessary exposure to
contagions, counter the sense of isolation by socializing with others in
the wepital, have their loved ones visit them (with permission) from any
distance, and move to another wepital for a second opinion or treatment.

Ninth, hospitals can increase their capacity while reducing costs and
achieve increased flexibility faster and at lower costs in times of crisis.
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This can slow down the rate of increase in healthcare costs. Hospitals can
extend their areas of service to reach more patients, extend their care to
older adults, hospice care, children, and rehab patients, have advanced
notice about potential patient admissions based on the number of pa-
tients under persistent care in their wepitals, and streamline patient
transfer into and out of their care.

11.3. Requirements for Successful Implementation

A successful implementation of our design relies on several critical
requirements, as listed in Table 1.

12. Limitations and Future Extensions

The real avatars in our prototype had sensors loading patients’ vital
signs in real time, but due to HIPAA rules, we did not have access to
patients’ medical records. Future extensions of our prototype need to
examine the effect of real avatars that have access to patients’ medical
records.

The size of our sample, albeit after multiple years of diligent
recruitment, was small due to the extremely sensitive nature of the
context and strict IRB rules on recruiting patients for our experiment.
Also, our experiment was conducted in a single context (patients with GI
problems) using a prototype. Future extensions could include in-depth
experiments and study cases in various medical disciplines with larger
samples collected from real hospital-owned wepitals to validate the
generalizability of our findings and further explore patients’ views about
using their real avatars in wepitals to receive care. Moreover, our
experiment involved doctor visits in the wepital but did not involve
patients staying in the wepital for persistent care. Further work is
needed to examine patient satisfaction with persistent care in the
wepital.

The IRB approval prohibited the physician from providing the pa-
tient volunteers with formal diagnoses and prescriptions in our experi-
ment, disallowing us to assess other important aspects of design success,
such as care quality and outcome, which need to be assessed in formal
clinical trials in the future once the feasibility and potential of our design
are preliminarily evidenced.

Our work forms the first step in creating wepitals and initiates a

A Figure 92
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Fig. 9. Patient Real Avatar with Full Medical Information and Doctor Real Avatar.
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Table 1
Requirements for Successful Implementation of the Proposed Design.

Information & Management 59 (2022) 103706

1 Serious investment and commitment from multiple players—the government and tech companies—to build a secure and scalable infrastructure, including the building blocks of

wepitals for hospitals

2 Hospitals’ willingness to extend their capacities to wepitals and admit patient avatars for care

3 Creation of standards for data communication to and from real avatars

4 Device and sensor makers’ willingness to follow the standards for data communication to patients’ avatars

5 The involvement of medical software companies to connect patients’ medical records to avatars and update medical records with data from avatars

6 Uniform standards of care for real and robot medical personnel who staff different types of care rooms in wepitals with the same rigor as those in hospitals, including no
commercial ads

7 The involvement of security companies to devise strict data security, communication, access, and storage

8 Strictest standards for access to people’s medical records and protection of their privacy
Recognizing this need, the federal government (FDA) in its October 2020 certification rule has called for Fast Healthcare Interoperability Resources.'”

9 A system of drones and delivery vehicles for delivering treatment items to and picking up test samples from mypitals

10  The existence of mobile units of nurses and caregivers to provide assistance in mypitals as needed based on a standard of care

11  The willingness of Medicare and health insurance companies to cover wepital costs

12 Cross-state credentials and licensing boards for medical staff and specialties
13  Training of patients and care providers in the handling and use of real avatars

17 The ONC Cures Act Final Rule, About ONC’s Cures Act Final Rule (healthit.gov, accessed in December 2021), supports seamless access, exchange, and use of

electronic health information.

proposal for docpitals. It opens up avenues for future research, including
more advanced prototypes, test bed implementation by hospitals, and
more extensive experiments involving patients and physicians from
multiple medical disciplines. Future research should explore the policy
implications and impacts of the application of our proposal in depth. As
prior research has called for the examination of the link between in-
formation technology and global public health [18], our work could also
be extended to the global level. This work also lays a foundation for new
avenues of research and theory-building about real avatars as modes of
self-identification, self-representation, communication interface, ideal
self, or healthy self.
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Study  Subject Area Purpose/Method Intervention Data Results
[3] Al-supported virtual Use a data science approach in Reducing risks - Proposes a framework with
health coaches virtual coaches emphasis on reliability, fairness,
engagement, and ethics in data
science
[25] Modeling virtual Perception of virtual humans’ Mechanism to extract image Simulation The method achieved 80%
humans discomfort features identifiable as discomfort accuracy
[28] Relaxation Virtual human breathing Virtual human in a virtual world - Proposes an architecture for
relaxation using sensors coaching breathing relaxation
[31] Anxiety and Create and assess virtual human Virtual human coach to reduce 351 subjects recruited from Subjects were willing to disclose
relaxation interviewer to assess the extentof ~ PTSD Craigslist their inner thoughts to the virtual
stress interviewer
[35] Depression and Design and evaluation of tasks Tasks involved mimicking, dyadic 56 subjects The group using the virtual human
anxiety using virtual humans interaction, digital (emotion did better than the group using
recall and interpretation of Dixit text only for tasks
cards) treatment (mindfulness
and reading text loud), and
psychometric
[51] Depression and Use virtual human to administer Compared the performance of 55 subjects Virtual human’s performance was
anxiety psychological questionnaires four groups: self-administered, comparable with others
virtual human, face-to-face real
humans, and real human in
another room
[54] Mental health Develop the technology for a Patient care and provider training ~ Not reported Preliminary tests showed positive
diagnosis and virtual human health provider using virtual patient assessment
clinician training and virtual patient
[63] 24 national guards’ members

14

from war in Afghanistan and
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Study

Subject Area

Purpose/Method

Intervention

Data

Results

[66]

[71]

[89]

[92]

[99]

[100]

[115]

[123]

[128]

[134]

Mental health,
psychological
assessment of PTSD
Modeling humans in
radiology studies

Blood flow in virtual
humans

Mental health,
depression

Mental health

Connecting devices
in virtual reality in
healthcare

Mental health

Pain assessment

Pain assessment

Automatic
evaluation of mental
health providers’
empathetic
responses

Cancer and virtual
humans

Use virtual humans for interviews
about symptoms to preserve
anonymity and increase rapport
Review of virtual human models
for medical devices studies and
simulation

3D macroscopic blood flow on a
full human scale using
HemeLB—an open-source 3D
fluid dynamics tool—for the
study of blood flow in virtual
humans

Use virtual human for diagnosing
depressive disorders

Review of various uses of virtual
humans as healthcare cognitive
assistants in medical fields

Develop an approach to connect
multiple devices in virtual reality

SimCoach project to develop
virtual human interviewer

Differences in pain assessment
based on the demographics of
patients using virtual human
patients

Differences in pain assessment
based on the demographics of
patients using virtual human
patients

Use virtual human patients to
identify empathetic responses in
mental health and use the data to
automatically evaluate the
empathetic performance of
mental healthcare providers

Use virtual humans to deliver
information about collateral
cancer to promote patents’
change of behaviors

Mental health assessment using
virtual humans and anonymized
real humans

Review of methods and
technologies used in creating
virtual human models

Coding the simultaneous
simulation of arterial and venous
vascular trees based on human-
specific geometries

Diagnosis by psychiatrist vs.
virtual human

Review and categorization of use,
trends, challenges, design
guidelines, and technologies

An approach to connect devices in
using virtual reality

Virtual human interviewer to
assist war veterans

Pain assessment differences using
cues from virtual human patients

Studying the differences in pain
assessment by patients’
demographics using virtual
human patients

Developed virtual human
patients, used them to collect data
on the providers’ empathetic
responses, trained an evaluation
process, and then used the
automatic evaluation to assess the
performance of providers
Developed virtual humans for the
delivery of cancer information

132 active or retired US military
service members recruited from
Craigslist

Review of 29 virtual human
models created since 2004 (an
updated list from a previous
study) and 9 virtual pregnant
women

Simulation

179 outpatients

Papers from various domains,
including robotics (6), Al (6),
cyber-physical systems (12), HCI
(9), and smart health (4)
Method development

System development to
encourage and engage in
discussion of mental health
issues

107 healthcare students, 32
virtual human patients with
different profiles

113 nurses and 80 physicians,
32 virtual human patients with
different profiles

Developed two suicidal virtual
human patients, collected 1952
empathetic responses to train for
automatic evaluation, and then
evaluated the performance of 20
mental healthcare providers

73 people in a focus group and
1,400 responses to an online
survey

Virtual human interviewers were
effective in inducing more
disclosure

While the reliance on anatomically
specific virtual humans for safety
assessment and R&D is on the rise,
challenges exist due to the number
of human body parts, accuracy of
measurements, and justifying their
use

Demonstrates that blood flow in
humans can be simulated with
virtual humans. Visualization
remains an important requirement

Embodied conversational agent
(virtual human) performed equally
well in standardized clinical
interviews

Virtual humans in the form of
healthcare cognitive assistants will
play critical roles in healthcare in
the near future

Connected devices in virtual
reality, with a limitation of 7
devices

Expected the veterans and service
members to take the first step to
seek help for mental health issues

The assessment of pain by
healthcare students differed by
gender, race, and age of the virtual
human patients

The assessment of pain and
prescription of opioids differed by
patient demographics

It is possible to capture empathetic
responses using virtual human
patients and use the data for
training and assessment of mental
healthcare providers

Offers guidelines for designing
virtual humans to deliver
information to patients

Appendix B

Selected Studies and Review Papers on Wearable Sensors in mHealth.

Study

Subject Area

Purpose

Intervention

Data

Results

Use of Wearable Sensors for Health Monitoring

(7]

Asthma

Real-time patient
data monitoring
through data
analytics

Type 1 diabetes
mellitus

Studies on electronic inhaler sensors

that track the time, frequency, and
location of short-acting b-agonist
(SABA) use

Proposes a method for sensing
emergency, adapting data sensing,
and real-time prediction

Self-management tool: access to
an app that reports the
information collected by the
sensor

Simulation of existing secondary
data for assessment

An ontology-based clinical
decision support system

15

120 participants: their
days with asthma before
and after using the self-
management tool
Secondary data

Using the wearable sensors leads to longer
periods of asthma-free days.

The data analytic method reduces energy

use by sensors and removes data
redundancy

NA

(continued on next page)
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(continued)
Study  Subject Area Purpose Intervention Data Results
Proposes an ontology architecture to  proposed for monitoring Proposes the architecture for an
collect, formalize, integrate, analyze,  patients intelligent decision support system to
and manipulate patients’ data monitor type-1 diabetic patients
[14] Elderly care Proposes an architecture for Discusses an architecture for NA The system collects elderly patient data

[15] Heart failure

[109] Parkinson’s disease
detection

[126] Network of patients

monitoring elderly care

Develops and validates a self-
administered 6-minute-walk mobile
app to be used by patients at home
for the prediction of heart failure
Proposes a method for the diagnosis
of Parkinson’s disease using voice
data

Proposes a technology for creating a
cloud network of patients through
their wearable sensors

Review Papers about Wearable Sensors in Healthcare

[10] mHealth apps

[11] Mental health

[33] Heart failure

[64] Insomnia

[65] Health monitoring
of physiological
parameters

[79] Cognition

[81] Wearable sensors
with data exchange
possibilities

[87]1 Atrial fibrillation
(Afib)

[90] Mobile apps
available in app
stores used in
healthcare

[102] Parkinson’s disease

[108] Wearable sensors in
healthcare

[119] Hypertension

Reviews mHealth apps in third
party—curated (trusted) mHealth app
libraries

Reviews the use of virtual reality in
mental health

Reviews studies about the use of
wearable sensors for detecting heart
failure and emerging technologies

Reviews digital solutions for
cognitive behavioral therapy for
insomnia

Reviews studies about wearable
sensors, categorizes them into
different categories of physiological
parameters and activities, and
reviews studies in textile-based
wearables

Reviews using self-administrated
wearable sensors for cognitive
assessment

Reviews available health monitoring
wearables with data exchange
possibilities and maps wearables into
13 attributes for data exchange

Reviews studies of using wearable
sensors in Afib and divides the
published papers into validating Afib
wearables and screening with them
Reviews and classifies mobile apps in
healthcare and papers on scientific
validations

Reviews the use of wearable sensors
in Parkinson’s disease management

Reviews the state of using wearable
sensors in healthcare, covering
passive and active wearable sensors
for medical use

Reviews the use of mobile blood
pressure cuffs for hypertension

creating a patient cloud
database

Using the wearable sensor at
home for the 6-minute walk

Diagnosis

Creating a network of patients’
wearable sensors

Self-management using apps

Assessment and treatment of
mental health

Monitoring heart failure

Use of various technologies to
improve onset of sleep

Apps for health monitoring

Assessment of the feasibility and
psychometric property of self-
assessment using wearable
sensors

Self-management

Screening for Afib

Various app stores’ mobile apps
and their use in healthcare

Categorizes the use of wearable
sensors: early diagnosis, tremor,
body motion analysis, motor
fluctuations, and home and
long-term monitoring

Using wearable sensors for
tracking and diagnostics

Self-management

Three phases: n=>52, 32,
19, respectively

1000 voice samples

NA

18 apps were reviewed

Published papers

Published papers

Papers on various
technologies used for
insomnia treatment
Published papers

12 published papers

Published papers;
reports on 362 mobile
health monitoring
devices

43 studies for validating
the detection (28
papers) and screening
Afib (15 papers)
Published papers and
website sources

Published papers, with
1,429 papers found and
136 evaluated

Published papers,
covering emerging
technologies, future use,
and issues

Published papers

and makes the data available in a cloud
database

The wearable sensor is easy to use and
provides accurate measurement

The method achieves 99% accuracy
within one second

A prototype cloud-based network was
demonstrated at a conference

There are a limited number of such apps,
and they need to be extended

Virtual reality is useful for the assessment
and treatment of various mental health
issues, and assessments show that virtual
reality creates similar physiological and
psychological reactions as those in real
environments

Wearables have the potentials to improve
care for heart failure. Current studies are
only observational. There are needs for
more studies, a well-structured payment
system, and social change in the use of
technology

The use of technologies is helpful in
dealing with insomnia at the global level,
but challenges need to be addressed

This comprehensive review shows the
wealth of research interest in wearables,
and future technologies would increase
their use

There is positive evidence of the
feasibility and general support for high
levels of between- and within-person
reliability and construct validity

Few systems have FDA approval, few
systems support middleware, only 30%
allow users access to source data, and only
16% allow transfer of data from the
device

The existing studies indicate that
wearables with apps are useful in
detecting atrial fibrillation

Provides a comprehensive review and
classification of app stores’ mobile apps in
healthcare

Provides a comprehensive review with
recommendations and trends in each
category of use, as well as discussions of
automatic real-time assessment,
limitations, and open questions

Provides a comprehensive review of how
wearable sensors are used in healthcare,
their positives, negatives, future
potentials, and needed safeguards
Patients need to be cautioned about
inaccuracies
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Appendix C. The Meta Design of Real Avatar in Wepital
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Fig. C.1. Meta Design of Data Flow and Interactions, Figure C.2. Meta Design of Wepital.
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Appendix D. Recruitment and Experiment Protocol

Recruitment. Our IRB approval strictly limited our recruitment to patients with heartburn or similar gastrointestinal (GI) problems at a single
clinic. The choice of GI problems was approved because they normally are not acute diseases that may need immediate treatment or hospitalization.
Each participant received $100 after the completion of the experiment and the survey.

The IRB-approved recruitment text specifies the following inclusion and exclusion conditions for the real-avatar case (the non-real-avatar
recruitment text does not have information regarding sensors).

- You have had chronic symptoms of irritable bowel syndrome (IBS) or heartburn (Gastroesophageal Reflux Disease or GERD) for more than a year.
- You are NOT experiencing unintentional weight loss or difficulty in swallowing.

- You are NOT experiencing blood in stool.

- You are NOT experiencing any serious symptoms, such as shortness of breath, wheezing, or cough.

- You have adequate computer skill in using computers and the Internet and entering text in the chat box.

- You have no hearing disability that prevents you from using a headset.

- You have no visual impairment that prevents you from seeing the computer screen.

- You have sufficient knowledge of the English language for communication (speaking, reading, and writing).

- You agree to use mHealth sensors to capture your physiological data in order to create your real avatar (under a fictitious name).

- You are of age 18 or older.

Experiment Protocol. The attending physician was a GI specialist, who followed an IRB-approved script for interactions with patients and asked
questions about each patient’s history of symptoms and medications. In the real-avatar case, the physician would click on the patient avatar’s green
armband to see the patient’s vital signs (only the physician and patient could see the vital data). The physician held a short one-on-one video visit to
visually examine the patient, such as asking the patient to open his/her mouth and bring his/her eye close for examination. The physician provided his
opinions and suggestions to each patient at the end of the interaction with the patient. The IRB approval prohibited the physician from giving patients
formal diagnoses and prescriptions during the experiment. The physician did not have access to the patients’ medical records for this experiment due
to HIPAA rules.

Location. As required by the IRB approval, the volunteer patients had to come to the laboratory at one of the two universities to make sure that if
there was an emergency during the process, an attending staff member could immediately address it. Each patient attended the experiment in a private
office with a knowledgeable attending staff member accessible to ensure the patient’s safety in case of a medical emergency during the visit in the
wepital (the attending staff member did not observe the patient during the experiment.)

Steps to Avoid Bias. We had created the avatars and logins for patients in advance. To avoid any bias due to pre-exposure to virtual worlds, online
visits, and sensors, all participants received a short training about the wepital and how to use their avatars, video chats, and sensors. All patients in the
real-avatar case wore the same types of sensors. To avoid potential bias due to differences in the type of computers and use of sensors, participants
came to a location where a separate room was set up for each participant with the same type of equipment.

Data Collection for Two Cases: with and without Real Avatar. Per IRB requirements, participants for the real-avatar and non-real-avatar cases
were recruited in two time periods in order to have clarity in recruitment and the technology being used. The data for the non-real-avatar case were
collected first. In the recruitment for the real-avatar case, we had nine participants who had also participated in the non-real-avatar case. In order to
study the effect of having participated in the non-real-avatar case, we divided the real-avatar sample into two sub-samples: having participated and not
having participated in the non-real-avatar experiment. For each item used in the analysis, we performed a two-sample t-test. None of the t-tests showed
statistical significance, suggesting that our training had removed any potential bias due to having been exposed to virtual worlds and our experiment
without real avatar.

Privacy and Anonymity. The experiment was conducted online in the wepital. Through his avatar, the physician could both speak to each patient
avatar and write in the text/chat area seen by all patients. However, to strictly preserve the patients’ privacy, as required by the IRB approval, patients
communicated (asked and answered questions) in the chat area only so that no one could possibly identify them by their voices. Patients wore sensors
in the real-avatar case, and their vital signs were uploaded to the green armbands of their avatars in real time. For each patient, only the patient and the
physician could see the information on the patient avatar’s green armband. The physician examined the patient’s vital signs and provided opinions
and suggestions accordingly. All avatars had made-up names, and no one had access to the real identities of the patients except the person in charge of
consenting them. As required by the IRB approval, a staff member (located at the same location as the participants) was present in the wepital with his/

Fig. D.1. Zephyr BioHarness and Patient Wearing It.
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her avatar without any active participation to provide immediate support in case a patient would need any medical emergency attention.

Video Chats. Each patient had the option of attending a one-on-one video consultation. The technology used for video chat was ustream.tv

16 (1ater

acquired by IBM). The physician briefly interacted with and checked the patient in a video call. After this brief interaction, both would return to the

wepital group room.

Technologies. The prototype was built on a land we had acquired on Second Life©. For the real avatar case, the wearable sensors collected vital
signs, including heart rate, breathing rate, body temperature, ECG, blood oxygen saturation, and weight, from patients. The sensors included FDA-
approved BioHarness (by Zephyr), oximeter, and scale. Fig. D.1 shows the BioHarness worn around the chest of a patient.

Appendix E

Construct Definitions and Main Sources.

Construct

Flexibility about method of
care

Lack of privacy concern

Understanding information

Telepresence

Time convenience

Trust

Satisfaction with physician
Real avatar

Definition Main Sources Used
Having a flexible attitude toward the method of care within a healthcare system [12],[131]
The lack of concern about the exposure of one’s private information in the group office visit in the wepital [4],[131]

The ability to understand information provided in the office visit in the wepital
The perception of “being there” in an environment mediated by technology as opposed to “presence” that refers to the

[72],[130],[131]
[171,[931,[114],[118]

perception of natural environment

Perceived convenience related to time savings in office visits in the wepital
Trust in the virtual campus

Satisfaction with the physician in the office visit in the wepital

Having sensor data added to patient avatar, a binary variable, 0 or 1

Developed for this study
[51,[86],[131]
[72],[881,[130]

Specific to the design in this
study

Appendix F

Instrument*.

Construct Code Item

Flexibility about method of care In receiving medical services, my attitude about changing the way I receive medical services can be characterized as
FlexM1 Very unfavorable/very favorable
FlexM2 Not open at all/very open
FlexM3 Not comfortable at all/very comfortable

Lack of privacy concern My level of concern that health information at the Virtual Medical Office, once shared in a (online) group visit
Privl Will be abused for sure by other patients/will not be abused by other patients at all
Priv2 Will be compromised for sure by other patients/will not be compromised by other patients at all
Priv3 Will not be kept confidential by other patients/will be kept confidential by other patients

Understanding information I believe that the medical information I received at the Virtual Medical Office was
UndInfl Not at all clear in meaning/very clear in meaning
UndInf2 Difficult to comprehend/easy to comprehend
UndInf3 In general, the understandability of the information was very low/very high

Telepresence Referring to the Virtual Medical Office I just visited, I believe that
TelePrel Its similarity to visiting a physician office/clinic was very low/very high
TelePre2 My feeling of being in the same room with a physician was very low/very high
TelePre3 The overall feeling that I visited a physician office was very low/very high

Time convenience Compared with my past experiences of using traditional medical services, I believe using the Virtual Medical Office I just visited
TConv1l Increased the time spent at physician’s office/reduced the time spent at physician’s office
TConv2 Increased the travel time to the physician’s office/reduced the travel time to the physician’s office
TConv3 Was slower in providing service/was faster in providing service

Trust In receiving medical services through the Virtual Medical Office, I believe that the office
Trustl Cares only about its own interest/cares about patients’ interest
Trust2 Has no integrity/has a great deal of integrity
Trust3 Is not capable at all/is very capable

Satisfaction with physician My feeling about my experience with the physician at the Virtual Medical Office could be characterized as:
PhSatis1 Not satisfactory at all/very satisfactory
PhSatis2 Not pleased at all/very pleased
PhSatis3 Very negative/very positive

*We used the term “virtual medical office” to avoid the need to describe what a wepital is.

Appendix G. Participants’ Demographics

The number of female participants was twice that of male participants. The mode of age in our sample was 56-60 years. About half of the par-

ticipants had an undergraduate degree.
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www.ustream.tv, Streaming Video Platform & Hosting Services | Watson Media (ibm.com).
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Appendix H

Exploratory Factor Analysis.

Constructs on Level 1 Item 1 2 3

1. Flexibility about method of care FlexM1 0.094 -0.926 -0.125
FlexM2 0.202 -0.918 -0.186
FlexM3 0.240 -0.894 -0.237

2. Lack of privacy concern Privl 0.932 -0.170 -0.261
Priv2 0.932 -0.174 -0.275
Priv3 0.912 -0.207 -0.196

3. Understanding information UndInfl 0.207 -0.243 -0.901
UndInf2 0.192 -0.242 -0.921
UndInf3 0.348 -0.086 -0.880

Cumulative variance explained (Level 1) 0.320 0.623 0.926

Constructs on Level 2 3 4 5

4. Telepresence TelePrel 0.945 -0.119 -0.186
TelePre2 0.910 -0.239 -0.216
TelePre3 0.927 -0.226 -0.232

5. Time convenience TConv1l 0.185 -0.179 -0.907
TConv2 0.366 -0.319 -0.806
TConv3 0.178 -0.401 -0.870
Trustl 0.121 -0.897 -0.297

6. Trust Trust2 0.179 -0.905 -0.268
Trust3 0.323 -0.878 -0.236

Cumulative variance explained (Level 2) 0.326 0.639 0.926

Constructs on Level 3 7

7. Satisfaction with physician PhSatis1 0.979
PhSatis2 0.983
PhSatis3 0.954

Cumulative variance explained (Level 3) 0.945

Appendix I. Construct Reliability and Validity Checks

We checked the reliability of the constructs in three ways, as reported in Table I.1. We computed Cronbach alpha values, which were all above the
0.70 acceptable threshold [83]. Composite factor reliability (CFR) values were above the 0.70 acceptable threshold [104]. Average variance extracted
(AVE) values were above the acceptable threshold 0.50 [104]. As an additional check on discriminant validity, we computed the square root of AVE for
each construct and compared it with the construct’s correlations with other constructs [37]. For each construct, the square root of AVE was desirably
greater than the correlation values (Table 1.2). These checks provided support for the reliability and validity of the measured constructs.

Table I.1
Construct Reliability Checks.
Construct Cronbach’s a AVE CFR
Flexibility about method of care 0.938 0.853 0.945
Lack of privacy concern 0.974 0.927 0.974
Understanding information 0.942 0.865 0.952
Telepresence 0.970 0.917 0.971
Time convenience 0.938 0.843 0.941
Trust 0.950 0.921 0.972
Satisfaction with physician 0.971 0.871 0.951
Table 1.2
Construct Correlations and Comparison with Square Root of AVEs.
Construct 1 2 3 4 5 6 7
1. Flexibility about method of care 0.853
2. Lack of privacy concern 0.419 0.927
3. Understanding information 0.468 0.517 0.865
4. Telepresence 0.674 0.127 0.312 0.917
5. Time convenience 0.593 0.466 0.461 0.489 0.843
6. Trust 0.576 0.500 0.809 0.499 0.663 0.921
7. Satisfaction with physician 0.778 0.449 0.620 0.736 0.769 0.791 0.871

*The square root values of the AVEs are in boldface on the diagonal.
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Appendix J
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Fit Indices for the Measurement Model and Wepital Patient Satisfaction Model.

Fit Index Measurement Model Model Threshold*
Normed y2 1.551 1.581 <3
CFI (Comparative Fit Index) 0.945 0.932 >0.90
TLI (Tucker-Lewis Index) 0.932 0.921 >0.90
SRMR (Standardized Root Mean Square Residual) 0.055 0.091 <0.08
Sources: [49],[80].
Appendix K
Confirmatory Factor Analysis-the Measurement Model.

Item Loading t-value R?

FlexM1 0.900 31.041 0.810

FlexM2 0.938 51.799 0.879

FlexM3 0.932 38.390 0.868

Privl 0.984 189.223 0.968

Priv2 0.998 399.954 0.996

Priv3 0.904 37.648 0.817

UndInfl 0.927 55.534 0.824

UndInf2 0.972 63.753 0.888

UndInf3 0.890 26.588 0.900

TelePrel 0.939 68.724 0.882

TelePre2 0.944 78.206 0.891

TelePre3 0.989 150.035 0.978

TConvl 0.857 19.225 0.735

TConv2 0.907 34.805 0.823

TConv3 0.986 82.029 0.972

Trustl 0.980 76.478 0.960

Trust2 0.985 191.506 0.971

Trust3 0.913 44.188 0.834

PhSatis1 0.908 30.692 0.860

PhSatis2 0.942 46.399 0.944

PhSatis3 0.949 54.711 0.792
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