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Abstract

Background: Smart glasses have been gaining momentum as a novel technology because of their advantages in enabling
hands-free operation and see-what-I-see remote consultation. Researchers have primarily evaluated this technology in hospital
settings; however, limited research has investigated its application in prehospital operations.

Objective: The aim of this study is to understand the potential of smart glasses to support the work practices of prehospital
providers, such as emergency medical services (EMS) personnel.

Methods: We conducted semistructured interviews with 13 EMS providers recruited from 4 hospital-based EMS agencies in
an urban area in the east coast region of the United States. The interview questions covered EMS workflow, challenges encountered,
technology needs, and users’ perceptions of smart glasses in supporting daily EMS work. During the interviews, we demonstrated
a system prototype to elicit more accurate and comprehensive insights regarding smart glasses. Interviews were transcribed
verbatim and analyzed using the open coding technique.

Results: We identified four potential application areas for smart glasses in EMS: enhancing teleconsultation between distributed
prehospital and hospital providers, semiautomating patient data collection and documentation in real time, supporting
decision-making and situation awareness, and augmenting quality assurance and training. Compared with the built-in touch pad,
voice commands and hand gestures were indicated as the most preferred and suitable interaction mechanisms. EMS providers
expressed positive attitudes toward using smart glasses during prehospital encounters. However, several potential barriers and
user concerns need to be considered and addressed before implementing and deploying smart glasses in EMS practice. They are
related to hardware limitations, human factors, reliability, workflow, interoperability, and privacy.

Conclusions: Smart glasses can be a suitable technological means for supporting EMS work. We conclude this paper by
discussing several design considerations for realizing the full potential of this hands-free technology.

(JMIR Hum Factors 2022;9(1):¢30883) doi: 10.2196/30883
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Introduction

Background

Prehospital care is a high-risk, time-sensitive medical domain
where first responders such as emergency medical services
(EMS) providers provide urgent care to patients in the field and
transport them to the nearest hospital or care facility. The
primary goal of prehospital care is to stabilize patients by
quickly addressing severe illnesses or life-threatening injuries.
Perhaps prehospital care is among the most challenging medical
domains in the provision of care to patients owing to various
reasons, such as the broad range of clinical situations, limited
resources and time, difficulties in accessing remote experts, and
the highly dynamic situations and environmental conditions
that providers encounter [1,2]. Owing to such challenges,
technology support could be useful for EMS providers to
facilitate decision-making and information management [3,4].
Despite some efforts, the prehospital environment remains one
of the few medical settings with limited technology support [2].
In addition, previous work has primarily focused on developing
and implementing systems on conventional handheld devices
such as tablets or smartphones. For example, in an early study,
Tollefsen et al [S] developed a menu-driven mobile app for
EMS teams to document patient information, which was then
uploaded to a central database for hospital care providers to
instantaneously access and review. Another study designed and
evaluated a smartphone app to facilitate care documentation in
the field by enabling EMS providers to photograph the patient,
record digital audio notes, and capture the view of the incident
[6]. Despite their beneficial features, these handheld devices
could cause problems in real-time use because (1) handheld
devices are prone to interfere with manual tasks in a busy EMS
environment [7-11] and (2) the physical handling of these
devices could increase the chance of cross-contamination and
patient infections [12]. As such, the need for novel technologies
to support hands-busy EMS operations is evident [2,13].

Since being introduced to the public in 2011, smart glasses (a
wearable technology in the shape of conventional glasses with
a transparent screen and a video camera) have been gaining
momentum because they can offer hands-free operation through
novel interaction mechanisms such as voice control [14-18].
Google Glass has received the most exposure initially and
stimulated the development of smart glasses by the industry.
Compared with handheld devices, smart glasses enable constant
information presentation and access in a hands-free manner and
allow local workers to project first-person point-of-view to a
remote viewer. Given these benefits, researchers have been
exploring their potential in clinical and surgical environments
[16], such as surgical telementoring [19-21], remote evaluation
of patients with acute medical conditions [22], and disaster
triage [23,24]. This body of literature demonstrated that smart
glasses are potentially useful in supporting care management
[16,17,25-28] and can enable secure Health Insurance Portability
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and Accountability Act (HIPAA)-compliant communications
[29].

Research Gaps and Study Objective

Smart glasses can particularly benefit EMS as hands-free
interaction can be a useful resource to handle situations with a
lot of uncertainty. However, research on smart glasses in the
prehospital environment is limited, with a few notable
exceptions [13,23,24,30,31]. In addition, the previous work
primarily focused on developing smart glass apps for certain
EMS scenarios, such as disaster telemedicine triage [23,24],
patient localization [30], and mobile vital sign monitoring [13].
To gain a comprehensive understanding of the application areas
of smart glasses in EMS, the barriers and user concerns related
to the use of smart glasses in practice, and how best to integrate
this novel technology into the current EMS workflow, we
conducted interviews to explore the potential and affordances
of smart glasses in the out-of-hospital setting from the
perspective of EMS providers to derive design implications for
this novel technology. This study is part of a larger research
effort that aims to iteratively design, develop, and evaluate smart
glass technologies to support EMS operations in the field. In
this work, we aim to answer the following three research
questions through interviews with EMS providers: (1) How can
smart glasses support EMS providers in overcoming challenges
in the prehospital setting? (2) What interaction modality (eg,
voice control, touch, and hand gestures) is most preferred and
appropriate? (3) What types of concerns or potential barriers
could impede the adoption and real-time use of this novel
technology by EMS providers?

Methods
Study Design

We used a qualitative study approach (eg, interviews) [32,33]
to gain an empirical and in-depth understanding of EMS
providers’ perceptions of and needs for adopting smart glasses
in their daily work. This study approach has been successful in
informing the design of complex sociotechnical systems [34].
The interview guide (Multimedia Appendix 1) was informed
by previous work [35] and was developed in an iterative manner
by the researchers. We also pilot-tested the interview guide with
2 experts (ie, EMS team leaders) to ensure the clarity,
appropriateness, and relevance of the questions.

Participants

We conducted semistructured interviews with 13 EMS providers
recruited from 4 hospital-based EMS agencies in an urban area
in the east coast region of the United States. As shown in Table
1, a total of 85% (11/13) of them are paramedics, whereas the
remaining 15% (2/13) are emergency medical technicians. Their
years of experience ranged from 4 to 30 years, with 15% (2/13)
of the participants being EMS directors. In addition, a few of
them also serve other roles, such as EMS operation manager
and quality assurance coordinator.
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Table 1. Participant demographics (N=13).

Zhang et al

ID Sex Occupation Years of experience
P1 Male Paramedic 28
P2 Male Paramedic and EMS? educator 15
P3 Male Paramedic and EMS director 25
P4 Male Paramedic 18
P5 Male Paramedic and quality assurance coordinator 30
P6 Male Paramedic and EMS director >30
P7 Female Emergency medical technician 11
P8 Male Paramedic 23
P9 Male Paramedic 14
P10 Male Emergency medical technician 4
P11 Male Paramedic and EMS operation manager 21
P12 Male Paramedic 11
P13 Male Paramedic 7

*EMS: emergency medical services.

We included both emergency medical technicians and
paramedics in our study because they represent the major types
of EMS providers in the United States. Emergency medical
technicians are trained to provide basic life support such as
oxygen administration, wound treatment, and cardiopulmonary
resuscitation. In contrast, the scope of practice and autonomy
of paramedics are greater. Paramedics are allied health
professionals with >1000 hours of training and provide advanced
life support for patients, including advanced airway
management, electrocardiogram interpretation, and medication
administration. With both emergency medical technician and
paramedic roles involved in our study, we were able to gain a
holistic understanding of the use scenarios of smart glasses from
different perspectives.

Data Collection

Owing to the COVID-19 pandemic, we conducted interviews
via Zoom (Zoom Video Communications) following the best
practices and experiences shared by other researchers who had
to transition their user studies from in-person settings to
web-based environments [36]. The interviews were conducted
by two trained researchers (ZZ and KJ) and lasted for 45 to 90
minutes. Each interview was roughly divided into three sections:
the first section consisted of general questions related to
participant’s demographics, work experience, and education or
training background; the second section focused on EMS
workflow from dispatch to patient hand off, artifacts and digital
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tools used in practice, and challenges encountered in their work
(eg, documentation, care coordination, and communication with
patients, dispatchers, and remote experts); the third section
inquired about EMS professional’s perceptions of using smart
glasses in their daily work.

To help participants better understand this novel technology
(eg, how it looks like and how it works) and elicit accurate and
comprehensive insights, we used the Vuzix M400 [37] product
to explain the hardware and software components of the device
and possible interaction modalities through video and live
demonstrations. In particular, we illustrated 3 modalities to
interact with smart glasses. The first interaction modality was
via the built-in touch pad and navigation buttons, which require
physical touching and clicking on the device (Figure 1A). The
second modality was voice commands created through the Vuzix
software development kit. The third modality we demonstrated
was hand gestures—based interaction, such as performing an
open pinch to select the cursor (Figure 1B) and presenting an
open hand and closing it to navigate back to the home page
(Figure 1C). We implemented this interaction mechanism using
the software development kit provided by CrunchFish [38], a
Swedish technology company that develops gesture recognition
software for mobile and wearable devices. We concluded the
system demonstration by briefly discussing about its current
application in other medical domains, such as in the operating
room, wound care, and disaster triage.
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Figure 1. Interaction modalities: (A) Use the built-in touch pad to navigate the user interface of smart glasses. (B) Perform an open pinch to select the
cursor on the glass screen. (C) Present an open hand and close it to navigate back to the home screen.

Data Analysis

All interviews were audio-recorded and transcribed verbatim
for analysis. Anonymized interview transcripts were analyzed
by two researchers (ZZ and KJ) using an open coding technique
[39]. We chose this coding technique because it could generate
rich and detailed insights of participants’ perspectives and
opinions through iterative-inductive analysis of interview
transcripts [40]. More specifically, the researchers first reviewed
an initial set of transcripts independently (3/13, 23%). Then,
the initial list of codes was generated and discussed among
researchers to determine which codes to retain, merge, or
remove. After the list of codes was set, we created a codebook
to define each code to standardize the following coding process.
The codebook was developed in an iterative manner until a
consensus was reached. Then, the 2 researchers analyzed the
remaining transcripts using the codebook. They met regularly
to discuss and compare their codes for each interview transcript.
The disagreements were resolved through discussion. Then,
following a thematic analysis approach [41,42], the codes were
grouped into themes using affinity diagrams [43], a common
approach for creating connections or finding patterns in
qualitative data. This step allowed the researchers to identify
overarching themes describing EMS providers’ opinions about
the application areas of smart glasses in EMS operation,
preferred interaction modalities, and potential barriers to
adopting this novel technology. We have discussed about these
major themes in the following section.

Ethical Consideration

This study was approved by the Pace University institutional
review board (1515261). All participants provided their consent
to participate in the study and be audio-recorded.
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Results

Application Areas of Smart Glasses in EMS Work

Overview

The EMS participants identified a set of potential application
areas where smart glasses could facilitate their work. We
categorized them into four areas: teleconsultation,
documentation, decision support, and quality assurance and
training. We describe each use scenario in detail in the following
sections.

Teleconsultation

The most prominent application area of smart glasses raised by
EMS providers was teleconsultation. The reason is that EMS
providers sometimes need to talk to a remote expert (eg,
emergency department [ED] physician) for consultation, such
as getting permission or advice for medication administration
and collectively understanding the patient’s status to decide the
next steps. Currently, they rely solely on traditional
communication mechanisms, such as radio or phone, to share
and discuss information. However, these mechanisms have their
intrinsic  limitations, posing challenges for efficient
communication between distributed EMS and ED teams. That
is, in the field, EMS providers need to describe with words the
situation they face; on the other side, ED physicians at the
hospital often have difficulties in understanding what is precisely
happening in the field potentially owing to ambient noise or
disruptions in connectivity. As 1 participant explained:

Physicians maybe not hearing details correctly
because it is over the radio. There’s always going to
be lag or miscommunication when you are using
radios to relay information. [P8§]
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As such, our participants expressed the emerging need for
visual-based technologies to support their communication with
the hospital. They believed that smart glasses could serve as an
unobtrusive technological means to improve the communication
and care coordination between prehospital and hospital care
providers, as 1 participant explained:

1 think it would be a useful tool, especially in those
situations where you are going to end up contacting
a physician, and they can actually see the environment
in which the patient is. They can see the patient,
specifically stroke patients, so that the physician can
actually see the patient and facial droop and actually
look at the patient. So, for those situations, I think it
would be very helpful...You can have a conversation
with the physician. Might be helpful for the physician
to see the patient and what is being done to the patient
at the same time for their purpose of understanding
and getting a better picture of what’s going on. I think
it will be very helpful. [P1]

Documentation

During the interviews, several participants identified the
potential use of smart glasses in documentation. For example,
participants stated that they could use smart glasses to take
pictures and videos, which can be saved in the electronic health
record (EHR) system to document patient injuries and wounds.
In addition, these context-rich data can be shared with ED
physicians to help them understand the severity of patient injury:

If you were able to do like a real-time video recording
for a trauma patient to document like the mechanism
of injury, like for falls or for car accident, and to be
able to show those to the clinicians at the hospital,
the doctors would love that. [P4]

Another specific use for documentation is allowing EMS
providers to dictate to the smart glasses and have the smart
glasses transcribe the dictation to text through voice recognition.
This use case was seen as a potential facilitator of documentation
in the field, which could save a significant amount of time and
efforts that can be spent on patient care:

1 think it will be helpful for actual data collection for
timing and all that. I think it’s an excellent tool
because it will make life easier if they [EMS
providers] could actually just dictate certain things
and they can be automatically stored in the electronic
medical record. [P5]

The ability to scan medications was also deemed useful by
several participants. This feature could allow EMS providers
to scan the barcode of the medication given to the patient, and
the detailed information of the medication (eg, name and dosage)
is automatically saved to EHR. In addition, as some patients
could take several medications for chronic disease management
and EMS providers may not have sufficient time to capture all
the details, the medication scanning feature enabled by smart
glasses could also make the collection of patient’s medical
history much easier:

Sometimes people come to us with a bag of medication
and they're like, these are my medications. So, if 1
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could just turn on the glasses and scan them and 1
have all the medications there...I mean, it'll not only
make our jobs a little easier, but also expedite our
patient’s transport to the hospital. [P7]

Decision Support

Participants believed that smart glasses could become a powerful
decision support tool. For example, embedding medical
protocols in the app could help EMS providers to perform a
range of complex medical activities, verify the steps of less
frequent tasks, and ensure compliance with medical procedures.
One participant explained:

I think it would be great to integrate a point of
reference to it (smart glass). Like, you know, we have
protocols. Sometimes not everybody is going to have
the same types of calls. Some people rarely get
aphylactic calls, so when they get it, they would be
like “oh my god, how much do I give?”...If you are
newer in the field or you don’t know your protocol
because you’ve never encountered this problem, it
would be great just to pull up that reference. [P7]

Other mentioned decision support opportunities included
augmenting information searching in a hands-free manner (P10),
facilitating the determination of medication or fluid dosage
(P12), and constantly presenting vital signs information to
enhance situation awareness (P13):

Have a way to find references to normal vital signs
or to look up definitions or features of different
medical conditions. [P10]

I think where the smart glasses could be very, very
helpful is, as like a second check before you
administer narcotics... If I don't have to take out my
cell phone to confirm weight, pounds to kilograms
and like, do the conversions, if I could just do that to
my smart glasses without touching anything, I think
that would be like perfect. [P12]

If you were working on a cardiac arrest and the
monitors not facing you, you can use the smart glass
to pull up the vital signs using this head-up display.
It would be awesome. [P13]

Quality Assurance and Training

Participants considered smart glasses as a useful tool to record
either the entire patient care process or critical medical
procedures (eg, how the patient was treated for a complication
in the field). This use of smart glasses can potentially enhance
the quality of care by urging EMS providers to be more
compliant:

If things are being recorded, it might make sure that
you follow a protocol very correctly. With a digital
record of when and how you do things, you're a lot
more likely to kind of do things closer to the textbook.
[P13]

Furthermore, the video recordings of patient care can be used
for both quality assurance and training purposes:
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It’ll be very good for educational quality assurance.

You can actually trim videos for different things that

went wrong, and you could use it to instruct your staff.

[P5]
Another interesting application area mentioned by a participant
was helping with litigation issues faced by EMS providers in
their work:

A lot of times, if something happens, you can be
accused. But if you can have a recording with the
voice, it could be used to protect the crews from
litigation. [P5]

Preferred Interaction Modalities

Participants were asked to rank the 3 demonstrated interaction
modalities from most preferred to least preferred. Our data show
that 46% (6/13) of the participants ranked voice commands and
hand gestures equally as the most favored interaction
mechanism:

I'd probably be an even mix of hand gestures and
voice commands if that was like being used practically
in real life. I think the voice control would be the
preferred way to control the device, but in a loud
situation the voice can probably be a little bit clunky.
1t’d be easier to use hand gestures to accomplish the
same thing. [P13]

Among the rest of the participants (7/13, 54%), 57% (4/7) of
them chose voice commands as the most preferred modality,
whereas 29% (2/7) of them voted the hand gesture modality.

In contrast, touch pad was indicated as the least preferred
interaction modality, with only 14% (1/7) of the participants
choosing this mechanism over the others. The reason for not
favoring touch pad was either because it occupied hands or
owing to concerns about cross-contamination:

Touch I think it's definitely bad cause your hands are
always disgusting. Plus, with COVID going on right
now, you touch one surface, then you're touching
something that's very close to your face [smart
glasses], that is not safe. [P11]

Despite the various views on these interaction modalities, a few
participants highlighted the importance of having all the
interaction modalities available so that they can choose which
one to use depending on the situation:

You have to have redundancy, you have to have a
backup. So, let's say, it's not responding to your voice,
then you can do the touch or whatever. [P6]

Perceptions, Needs, and Concerns of Using Smart
Glasses in Practice

Overview

Overall, our participants had a very positive attitude toward the
use of smart glasses during prehospital encounters. Almost all
of them expressed the willingness to use this system given its
potential benefits; for example, not only supporting their work
but also enhancing patient-centered care:
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That would save so much time for the patient...So,

you can do anything you got to do with your hands

and it [smart glasses] will expedite the patient’s care,

which leads to a better patient outcome. I would

definitely use it. [P7]
Despite the positive attitude, participants shared several concerns
about deploying this novel technology in practice. We grouped
the major concerns into six categories, including hardware
limitations, human factors, reliability, workflow,
interoperability, and privacy.

Hardware Limitations

Battery life of smart glasses was a major concern:

They need to be able to last a while, making sure that
it's not like going to run out on me in the middle of a
high acuity situation. [P12]

Participants suggested installing a charging station inside the
ambulance and preparing 1-2 backup batteries to ensure that
the smart glasses can constantly run through a whole work shift;
that is, 8 hours.

Durability was another common concern expressed by
participants because the prehospital environment is messy and
fast-paced, where any device can easily get lost or broken:

The first impression to me is if it could survive in the
911 system...I constantly have equipment that breaks
and malfunctions. It is unfortunately that the city 911
system is very rugged, abusive and tough. So, you
need to make sure that something is tough and
durable then you might stand the chance. [P3]

Finally, smart glasses require a high-bandwidth cellular network
to establish video calls; however, some areas (eg, rural areas
and subway stations) rarely have high-speed network access.
As such, use of smart glasses for teleconsultation could be
impacted sometimes. Similarly, participants were concerned
about not being able to transfer the recorded data from smart
glasses to other devices (eg, EHR system) in a timely
manner—an issue that is often caused by connection failure
between devices. Therefore, a few participants mentioned that
smart glasses should have sufficient internal memory to allow
store-and-forward, a common data transferring method in many
telemedicine systems [44]:

If I'm in subway and there is no WIFI, and if  record
videos or take pictures, or you know, telling it to
dictate something, it should have enough internal
memory to store everything recorded. [P5]

Other hardware-related factors that might impact the adoption
of smart glasses included device cost (eg, “my only concern is
how much will this cost per unit?”’ [P1]), process of disinfecting
the device (eg, “If it gets contaminated, how do you clean it?”
[P5]), and safety issues (eg, “I’'m definitely concerned about
getting assaulted with it on.” [P9]).

Human Factors

Our participants raised several issues with regard to human
factors. For example, 15% (2/13) of the participants commented
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that smart glasses could block a certain field of vision and, in
turn, affect their patient care activities:

[ think it could impede work if it's obstructing my
view. I think that the most likely scenario where there
would truly be an impedance to patient care is
intubating a patient because I need to make sure that
I have good vision of the patient’s vocal cords. [P12]

In addition, it is vital to ensure that the device is not intrusive
because “after a certain amount of time, stuff on your head could
get irritating or annoying” [P5].

Compatibility with users’ own glasses or personal protective
equipment was also frequently mentioned by our participants:

I like to wear goggles now, especially because of
Covid-19. You need to make sure that the glasses have
a good fit with the rest of your PPE, whether it’s a
goggle or a face mask. [P12]

Reliability

The smart glass app must be reliable because EMS work is
high-acuity and time-critical; any system malfunction could
lead to increased stress and high cognitive workload on EMS
providers and even adverse patient outcomes. As such, system

reliability is one of the primary concerns expressed by multiple
participants:

If'there is a technological failure, what is our backup,
what do we do? [P4]

Workflow

As our participants had little experience with smart glasses
(compared with mobile phones or tablets), they were not clear
whether this novel technology can seamlessly fit into EMS
workflow:

Just like with every technology, just making sure that
it is seamless and actually works. All of our
technologies make sense in theory, but the application
can be a little bit difficult. [P12]

Another participant shared the same opinion and further
commented that smart glasses might add more workload, such
as the need to check the accuracy of recorded data when using
it for documentation:

Obviously they [EMS providers] have to make sure
that the information was recorded correctly. Is that
another component that’s going to add time? [P3]

Interoperability

Interoperability was also mentioned by the participants. For
example, smart glasses should be integrated with the EHR
system to realize the documentation use. Similarly, timely and
constant data exchange (eg, electrocardiography, blood pressure,
and oxygen saturation) between smart glasses and the vital signs
monitor is critical for implementing the decision support feature.
As such, the interoperability between smart glasses and other
medical devices is essential:

I guess compatibility to different devices is very
important. You know, trying fto integrate something
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as simple as a monitor to any sort of technology is a
bit of a hurdle because they don’t play nicely with
each other. [P2]

Privacy

Not surprisingly, data privacy was one of the most prominent
concerns shared by almost all participants. Given that smart
glasses would transfer, retrieve, and even store sensitive patient
data, it is imperative to ensure compliance with the HIPAA
regulations:

The number one concern would be patient privacy.

That would have to be worked out. How is the data

getting stored? How is the data getting processed?

[P4]
They also have concerns that patients, especially pediatric
patients, might feel uncomfortable or nervous while seeing them
wear a pair of smart glasses, as this device is rarely seen in daily
life. Sometimes, patients may not even want to be recorded, so
participants suggested that new regulations or rules regarding
the digital recording of patients should be established before
deploying the system in the field:

You always might have some patients who may not
want to be recorded unless that’s the policy...you may
also need to get patient’s consent and it becomes the
legal issue. [P1]

Finally, as smart glasses can capture the conversations, actions,
and patient care process in videos, several participants expressed
concerns about their personal liability and felt that they would
be working under observation:

Maybe stuff you don't want recorded gets recorded
and then a supervisor uses that against you. If they're
trying to look for something, you know. It goes back
to like the same things with police body cams, where,
you know, stuff gets recorded without their knowledge.
Sometimes it doesn't turn on when it's supposed to.
So those would be the concerns I had and then who
has access to see and hear what's recorded. [P8]

Discussion

Principal Findings

In this study, we conducted semistructured interviews with
prehospital care providers to understand the potential and
affordances of smart glasses in EMS. We identified several
potential application areas for smart glasses to support EMS
work in the field, including (1) enhancing communication and
consultation between distributed prehospital and hospital
providers, (2) supporting patient data collection and
documentation in a hands-free manner, (3) supporting
decision-making and situation awareness, and (4) augmenting
quality assurance and training. In the following section, situated
in previous work, we discuss the feasibility of these potential
applications and design considerations for realizing them. Major
design considerations for the 4 identified application areas are
summarized in Textbox 1.
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Textbox 1. Summary of application areas and design considerations for applying smart glasses in emergency medical services.

Teleconsultation

e  Smart glasses should be designed to augment rather than replace current communication tools.

e  Advanced mounting techniques are needed to make sure smart glasses sit steadily in front of the user’s eyes.

Documentation

e Novel techniques are needed to enable high performance of automatic speech recognition feature of smart glasses.

e  More tests are needed to examine the usability and affordances of smart glasses in transcribing medical procedures.

Decision support

e Smart glass—based decision support interventions (eg, checklist) need to be designed such that they are dynamic and flexible enough to adapt to

different patient scenarios.

e Artificial intelligence, computer vision, and smart glasses should be combined to automatically detect a patient’s signs and symptoms.

Quality assurance and training

e Patient data security and confidentiality must be maintained in accordance with Health Insurance Portability and Accountability Act regulations.

e Rules and policies need to be enacted to guide when video recording is allowed and who has the permission to watch the videos.

Communication and care coordination between prehospital and
hospital teams are essential for safe, timely, and effective patient
care. For example, the treatment of a pediatric patient with
traumatic brain injury with a rapidly changing state of
consciousness often requires a considerable level of knowledge
and skills that EMS providers may not have. In this case, EMS
providers may need to consult with a more experienced ED
physician for advice (eg, what medications to administer or how
to perform treatments that are critical to save the patient’s lives
during ambulance transport) [45,46]. Furthermore, smooth
communication can enable efficient joint decision-making
between EMS and ED care providers with regard to the
treatment plan, likely diagnoses, and appropriate destination of
care [6,47-49]. Despite its critical role, this process remains
ineffective [50-53]. This challenge is owing in part to the
limitations of current communication mechanisms (eg, radio)
because they limit multisensorial interaction—an important
mechanism for ensuring smooth work and cooperation among
collaborators [54]—between distributed care providers. Our
study revealed that smart glasses were perceived to be a useful
tool for EMS providers to connect with remote experts because
they fulfill the need of visual supports through a see-what-I-see
video. In fact, previous work has revealed the usefulness and
feasibility of smart glasses in establishing remote expert support,
such as in surgical telementoring [19-21], remote evaluation of
patients experiencing acute stroke [22], and disaster telemedicine
triage [23,24,55]. For example, a recent study [55] indicated
that using smart glasses led to increased quality of triage during
mass casualty incidents (MCIs). In addition, EMS providers
reported satisfactory usability and good acceptance of the smart
glass technology. However, there are a few considerations for
deploying smart glasses in the out-of-hospital setting for use
by EMS providers. For example, because smart glasses require
a high-bandwidth cellular network for video calls, which is rare
in some places (eg, rural areas and subway stations), smart
glasses should only augment rather than replace current
communication tools (eg, radio or cellular phone). However,
with the rapid development of 5G technology and the
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proposition of building a dedicated broadband network for first
responders (eg, FirstNet [56]), this limitation might be addressed
in the near future. Another design consideration is regarding a
common problem of wusing smart glasses for
teleconsultation—difference in line of sight between distributed
collaborators; that is, the remote expert could not always see
what exactly the smart glass wearer’s local eyes were fixed on
[57]. Therefore, more advanced mounting techniques are needed
to ensure that smart glasses sit steadily in front of the user’s
eyes even during excessive physical activities.

Collecting and documenting patient data in the field is a
challenging and time-consuming task, which demands a
significant portion of EMS professionals’ cognitive attention,
thereby reducing their time spent on patient care [58]. Despite
the increased adoption of EHR systems by EMS agencies, the
real-time use of the EHR systems has faced many challenges.
For example, as these systems are implemented on handheld
devices such as tablets, EMS providers may not be able to use
such devices in real time given the dynamic and hands-busy
nature of prehospital care [10,11]. In addition, the use of
handheld devices could increase the chance of
cross-contamination [12]. Compared with handheld devices,
smart glasses offer advantages such as hands-free operation,
which has the potential to support real-time patient data
collection and documentation. However, to date, very few
studies have focused on supporting clinical documentation using
smart glasses [28,59,60]. For example, a previous work [60]
reported the design and evaluation of a smart glass app for
chronic wound photography, which supported wound care nurses
in documentation by enabling capture, tagging, and transfer of
images to a patient’s EHR in a hands-free manner. In another
study [59], researchers tested the patient’s acceptance and
perception of their physician wearing smart glasses to connect
with a remote scribe nurse who took notes during a clinical visit.
These studies demonstrated the usefulness of smart glasses in
supporting timely clinical documentation. However, they were
conducted in settings where the working stress and noise level
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are considerably lower than the prehospital domain, which is
often characterized as a noisy and messy environment that could
affect the effective use of the voice recognition feature of smart
glasses. In recent years, novel techniques have been developed
to address this issue, such as a sensing and signal processing
solution that enables high performance of automatic speech
recognition of smart glasses [61]. To overcome challenges in
realizing the documentation use for EMS, future research is
needed to systematically test the usability and affordances of
smart glasses in transcribing medical procedures while EMS
providers perform them in noisy, dynamic, and fast-paced
environments.

Similarly, very limited research has been conducted to examine
the use of smart glasses for decision-making support. The most
common feature reported in previous work is the presentation
of a checklist or medical protocols on the glass screen. For
example, in a recent study [62], researchers compared a smart
glass—based checklist with conventional methods (ie, memory
or poster) during surgical cases and found that smart glass—based
checklists increased the completion rate to 100% and reduced
the time required to execute the checklist and prepare the
equipment. Another study [63] implemented triage algorithms
on the smart glass platform to support the triage process during
MClIs and reported that most EMS participants found the triage
app to be useful or partially useful. Similarly, Follmann et al
[55] found that smart glass can improve triage results during
an MCI by showing the triage algorithms and by receiving
support from a physician. These previous studies, despite not
being extensive, illustrated that EMS teams could benefit greatly
from smart glass checklists [3]. Given the unique characteristics
of the EMS environment (eg, unpredictable clinical scenarios),
smart glass—based checklists need to be designed such that they
are dynamic and flexible enough to adapt to different patient
scenarios, including less frequent but critical tasks [64,65]. In
addition to the checklist application, future research can also
explore combining artificial intelligence, computer vision, and
smart glasses to automatically detect a patient’s signs and
symptoms and recommend treatment options accordingly. For
example, the artificial intelligence—powered smart glasses can
help EMS providers to identify early signs of critical illnesses
(eg, stroke) or hard-to-detect mechanisms of injury (eg, child
abuse).

The use of smart glasses for quality assurance has received little
attention so far, but it could become a new application area of
smart glasses for not only EMS but also other medical domains.
This use is realized mainly through the video recording feature.
However, the challenging part is related to privacy issues. First,
patient data security and confidentiality must be maintained in
accordance with HIPA A regulations and other local, federal, or
organizational policies. Second, patients and their surrounding
environment (including bystanders) can be captured by smart
glasses without their knowledge; that is, when transmitting
videos from the field to the hospital for consultation. Therefore,
EMS providers may need to obtain verbal or even written
consent from the patient before using video recordings or calls.
The smart glasses should also be designed to protect bystanders’
identities and privacy, such as automatically blurring their faces
or recognizing their hand gestures for signaling consent (opt
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in) or disapproval (opt out) [66]. In addition, the glasses should
clearly indicate when they are capturing videos to increase the
awareness of bystanders; that is, through a light emitting diode
strip [31,67]. Finally, as our participants explained, using smart
glasses to capture EMS providers’ conversations, actions, and
patient care processes in videos could easily trigger their privacy
and liability concerns. Given these privacy issues and
considerations that are entailed in using smart glasses to record
videos, organizational and national rules and regulations should
be in place to provide guidance as to when video recording is
allowed and who has the permission to watch the videos.

Regardless of the application areas, users should be able to
interact with the smart glasses in an intuitive manner without
disrupting their work practice. Our data shows that voice
commands and hand gestures are preferred over touch pad
because of their hands-free advantage. Despite the benefits,
noisy environment can pose challenges in using voice
commands, whereas fast-moving ambulances can affect the use
of hand gestures. Therefore, as our participants stated, it is
critical for them to have the option to use a mix of interaction
mechanisms at any time while using the smart glass app.

Our study also revealed some other considerations that need
full attention before deploying the smart glass technology in
EMS. For example, as previous work has pointed out [35], it is
important to ensure that the device’s battery can last long enough
for care providers to use it throughout a shift. In addition,
interoperability was cited as a critical consideration for the
successful implementation of smart glasses in the field. That is,
the smart glass device should be integrated with existing systems
(eg, vital signs monitor and EHR system) to allow seamless
data exchange. Finally, the medicolegal aspects of smart glasses
could impact the real use of this novel technology. For example,
when using smart glasses as a telemedicine tool, the medicolegal
obligations are placed on both distant and local emergency care
providers. In addition, the patient must be informed about the
nature, purpose, and use of the smart glass device and what
benefits this technology can offer to them [68]. Any potential
breach in patient’s privacy and confidentiality must be addressed
to enhance patient-centered care.

Limitations

This study has several limitations that need to be noted. First,
the interviews were not conducted in person. Although we gave
video and live demonstrations of the smart glass device,
participants did not get an opportunity to use it. This limitation
could have impacted their views on this technology. Second,
participants were recruited from hospital-based EMS agencies
in an urban area of the east coast region in the United States.
Therefore, the user perceptions were based on how they operate
locally, which may be different from other places (eg, rural
areas and other regions of United States) and other types of
EMS providers (eg, fire department—based or volunteer-based),
let alone other countries. Therefore, the results may not be
generalizable to all types of EMS agencies worldwide. More
work in other regions and countries is needed to supplement
the findings of this study. Third, user opinions and needs were
collected only through interviews. We neither asked the
participants to use the device nor tested the effectiveness and
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usefulness of this technology under different case scenarios.
This may have impacted the participants’ views on smart glass.
Additional studies, such as participatory design workshop and
usability evaluation, will be conducted in the future to elicit
additional design insights about smart glasses for EMS. In
addition, it is critical to conduct simulated scenarios to test the
efficiency and effectiveness of smart glasses for different
application areas. Finally, our participants were mostly male.
Female participants may have different opinions and
preferences. In our future work, we will include as many female
EMS providers as possible.

Conclusions

In this study, we conducted semistructured interviews with EMS
providers to learn their opinions, needs, and concerns regarding
the use of smart glasses in their daily work. Our results identified
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four potential application areas in which smart glasses can play
an essential role, including enhancing teleconsultation between
distributed prehospital and hospital providers; semiautomating
patient data collection and documentation in real time; aiding
decision-making and situation awareness; and finally,
augmenting quality assurance and training. We also found that
voice commands and hand gestures were preferred over the
built-in touch pad for system navigation. Although EMS
providers consider smart glasses as a suitable technological
means for prehospital work, several issues and user concerns,
such as hardware limitations, human factors, reliability,
workflow, interoperability, and privacy, need to be thoroughly
addressed to ensure its successful uptake and implementation.
Finally, we identified several design considerations for realizing
the applications of smart glasses in EMS.

award 1948292 and the Agency for Healthcare Research and

References

1. Sarcevic A, Zhang Z, Kusunoki D. Decision making tasks in time-critical medical settings. In: Proceedings of the 17th
ACM International Conference on Supporting Group Work. 2012 Presented at: GROUP '12; October 27-31, 2012; Sanibel

island, FL p. 99-102. [doi: 10.1145/2389176.2389191]

Zhang Z, Sarcevic A, Bossen C. Constructing common information spaces across distributed emergency medical teams.

In: Proceedings of the 2017 ACM Conference on Computer Supported Cooperative Work and Social Computing. 2017
Presented at: CSCW '17; February 25-March 1, 2017; Portland, OR p. 934-947. [doi: 10.1145/2998181.2998328]

3. Ozkaynak M, Dolen C, Dollin Y, Rappaport K, Adelgais K. Simulating teamwork for better decision making in pediatric
emergency medical services. AMIA Annu Symp Proc 2021;2020:993-1002 [FREE Full text] [Medline: 33936475]

Zhang Z, Sarcevic A, Burd RS. Supporting information use and retention of pre-hospital information during trauma

resuscitation: a qualitative study of pre-hospital communications and information needs. AMIA Annu Symp Proc

2013;2013:1579-1588 [FREE Full text] [Medline: 24551428]

5. Tollefsen WW, Gaynor M, Pepe M, Myung D, Welsh M, Moulton S. iRevive: a pre-hospital database system for emergency
medical services. Int J Healthc Technol Manag 2005;6(4-6):454-469. [doi: 10.1504/ijhtm.2005.007008]

6.  Schooley B, Abed Y, Murad A, Horan TA, Roberts J. Design and field test of an mHealth system for emergency medical
services. Health Technol 2013;3(4):327-340. [doi: 10.1007/s12553-013-0064-5]

7. Rogers H, Madathil KC, Agnisarman S, Narasimha S, Ashok A, Nair A, et al. A systematic review of the implementation
challenges of telemedicine systems in ambulances. Telemed J E Health 2017;23(9):707-717. [doi: 10.1089/tmj.2016.0248]
[Medline: 28294704]

8.  Cho SJ, Kwon IH, Jeong J. Application of telemedicine system to prehospital medical control. Healthc Inform Res
2015;21(3):196-200 [FREE Full text] [doi: 10.4258/hir.2015.21.3.196] [Medline: 26279957]

9. Chapman Smith SN, Brown PC, Waits KH, Wong JS, Bhatti MS, Toqgeer Q, et al. Development and evaluation of a
user-centered mobile telestroke platform. Telemed J E Health 2019;25(7):638-648 [EREE Full text] [doi:
10.1089/tmj.2018.0044] [Medline: 30207927]

10. Jagannath S, Sarcevic A, Multak N, Myers S. Understanding paper-based documentation practices in medical resuscitations
to inform the design of electronic documentation tools. Pediatr Emerg Care 2021;37(8):e436-¢442. [doi:
10.1097/PEC.0000000000001676] [Medline: 30586038]

11. Sarcevic A, Ferraro N. On the use of electronic documentation systems in fast-paced, time-critical medical settings. Interact

Comput 2017;29(2):203-219. [doi: 10.1093/iwc/iww021]

https://humanfactors.jmir.org/2022/1/e30883 JMIR Hum Factors 2022 | vol. 9 | iss. 1 | €30883 | p. 10

(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=humanfactors_v9i1e30883_app1.docx&filename=242c767c2d3626ce0a134cea9a2a5d10.docx
https://jmir.org/api/download?alt_name=humanfactors_v9i1e30883_app1.docx&filename=242c767c2d3626ce0a134cea9a2a5d10.docx
http://dx.doi.org/10.1145/2389176.2389191
http://dx.doi.org/10.1145/2998181.2998328
http://europepmc.org/abstract/MED/33936475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33936475&dopt=Abstract
http://europepmc.org/abstract/MED/24551428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24551428&dopt=Abstract
http://dx.doi.org/10.1504/ijhtm.2005.007008
http://dx.doi.org/10.1007/s12553-013-0064-5
http://dx.doi.org/10.1089/tmj.2016.0248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28294704&dopt=Abstract
https://www.e-hir.org/DOIx.php?id=10.4258/hir.2015.21.3.196
http://dx.doi.org/10.4258/hir.2015.21.3.196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26279957&dopt=Abstract
http://europepmc.org/abstract/MED/30207927
http://dx.doi.org/10.1089/tmj.2018.0044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30207927&dopt=Abstract
http://dx.doi.org/10.1097/PEC.0000000000001676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30586038&dopt=Abstract
http://dx.doi.org/10.1093/iwc/iww021
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Zhang et al

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.
34.

35.

Momen KS. Identifying nursing activities to estimate the risk of cross-contamination. University of Toronto. 2013. URL:
https://tspace.library.utoronto.ca/handle/1807/34914 [accessed 2022-02-24]

Schaer R, Melly T, Muller H, Widmer A. Using smart glasses in medical emergency situations, a qualitative pilot study.
In: 2016 IEEE Wireless Health. 2016 Presented at: WH '16; October 25-27, 2016; Bethesda, MD p. 1-5. [doi:
10.1109/wh.2016.7764556]

Noma H, Ohmura A, Kuwahara N, Kogure K. Wearable sensors for auto-event-recording on medical nursing-user study
of ergonomic design. In: 8th International Symposium on Wearable Computers. 2004 Presented at: ISWC '04; October
31-November 3, 2004; Arlington, VA p. 8-15. [doi: 10.1109/iswc.2004.48]

Jonas S, Hannig A, Spreckelsen C, Deserno TM. Wearable technology as a booster of clinical care. In: Proceedings of the
SPIE 9039, Medical Imaging 2014: PACS and Imaging Informatics. 2014 Presented at: SPIE '14; February 15-20, 2014;
San Diego, CA p. 90390F. [doi: 10.1117/12.2042986]

Mitrasinovic S, Camacho E, Trivedi N, Logan J, Campbell C, Zilinyi R, et al. Clinical and surgical applications of smart
glasses. Technol Health Care 2015;23(4):381-401. [doi: 10.3233/THC-150910] [Medline: 26409906]

Klein GO, Singh K, von Heideken J. Smart glasses--a new tool in medicine. Stud Health Technol Inform 2015;216:901.
[Medline: 26262203]

Carlsson V, Klug T, Ziegert T, Zinnen A. Wearable computers in clinical ward rounds. In: 3rd International Forum on
Applied Wearable Computing. 2006 Presented at: IFAWC '06; March 15-16, 2006; Bremen, Germany.

Christensen NH, Hjermitslev OG, Falk F, Madsen MB, Ostergaard FH, Kibsgaard M, et al. Depth cues in augmented reality
for training of robot-assisted minimally invasive surgery. In: Proceedings of the 21st International Academic Mindtrek
Conference. 2017 Presented at: AcademicMindtrek '17; September 20-21, 2017; Tampere, Finland p. 120-126. [doi:
10.1145/3131085.3131123]

Lee JS, Tsai CT, Pen CH, Lu HC. A real time collaboration system for teleradiology consultation. Int J Med Inform
2003;72(1-3):73-79. [doi: 10.1016/s1386-5056(03)00130-8] [Medline: 14644308]

Weibel N, Gasques D, Johnson J, Sharkey T, Xu ZR, Zhang X, et al. Artemis: mixed-reality environment for immersive
surgical telementoring. In: Extended Abstracts of the 2020 CHI Conference on Human Factors in Computing Systems.
2020 Presented at: CHI EA '20; April 25-30, 2020; Honolulu, HI p. 1-4. [doi: 10.1145/3334480.3383169]

Noorian AR, Bahr Hosseini M, Avila G, Gerardi R, Andrle AF, SuM, et al. Use of wearable technology in remote evaluation
of acute stroke patients: feasibility and reliability of a Google glass-based device. J Stroke Cerebrovasc Dis
2019;28(10):104258. [doi: 10.1016/].jstrokecerebrovasdis.2019.06.016] [Medline: 31296476]

Broach J, Hart A, Griswold M, Lai J, Boyer EW, Skolnik AB, et al. Usability and reliability of smart glasses for secondary
triage during mass casualty incidents. Proc Annu Hawaii Int Conf Syst Sci 2018;2018:1416-1422 [FREE Full text] [Medline:
29398976]

Cicero MX, Walsh B, Solad Y, Whitfill T, Paesano G, Kim K, et al. Do you see what I see? Insights from using Google
glass for disaster telemedicine triage. Prehosp Disaster Med 2015;30(1):4-8. [doi: 10.1017/S1049023X1400140X] [Medline:
25571779]

Aungst TD, Lewis TL. Potential uses of wearable technology in medicine: lessons learnt from Google glass. Int J Clin Pract
2015;69(10):1179-1183. [doi: 10.1111/ijcp.12688] [Medline: 26412708]

Wu TS, Dameff CJ, Tully JL. Ultrasound-guided central venous access using Google glass. J Emerg Med 2014;47(6):668-675.
[doi: 10.1016/j.jemermed.2014.07.045] [Medline: 25281180]

Yu J, Ferniany W, Guthrie B, Parekh SG, Ponce B. Lessons learned from Google glass: telemedical spark or unfulfilled
promise? Surg Innov 2016;23(2):156-165. [doi: 10.1177/1553350615597085] [Medline: 26224576]

Klinker K, Wiesche M, Krcmar H. Digital transformation in health care: augmented reality for hands-free service innovation.
Inf Syst Front 2020;22(6):1419-1431. [doi: 10.1007/s10796-019-09937-7]

Chai PR, Wu RY, Ranney ML, Porter PS, Babu KM, Boyer EW. The virtual toxicology service: wearable head-mounted
devices for medical toxicology. J Med Toxicol 2014;10(4):382-387 [FREE Full text] [doi: 10.1007/s13181-014-0420-5]
[Medline: 25135308]

Reuter C, Ludwig T, Mischur P. RescueGlass: collaborative applications involving head-mounted displays for red cross
rescue dog units. Comput Supported Coop Work 2019;28(1-2):209-246. [doi: 10.1007/s10606-018-9339-8]

Schlosser P, Matthews B, Salisbury I, Sanderson P, Hayes S. Head-worn displays for emergency medical services staff:
properties of prehospital work, use cases, and design considerations. In: Proceedings of the 2021 CHI Conference on Human
Factors in Computing Systems. 2021 Presented at: CHI '21; May 8-13, 2021; Yokohama, Japan p. 1-14. [doi:
10.1145/3411764.3445614]

Fetterman DM. Ethnography: step-by-step. Thousand Oaks, CA: Sage Publications; 2019.

Spradley JP. The ethnographic interview. Long Grove, IL: Waveland Press; 2016:1478633212.

Randall D, Harper R, Rouncefield M. Fieldwork for design: theory and practice. Berlin, Germany: Springer Science &
Business Media; 2007.

Romare C, Hass U, Skér L. Healthcare professionals' views of smart glasses in intensive care: a qualitative study. Intensive
Crit Care Nurs 2018;45:66-71 [FREE Full text] [doi: 10.1016/j.icen.2017.11.006] [Medline: 29291922

https://humanfactors.jmir.org/2022/1/e30883 JMIR Hum Factors 2022 | vol. 9 | iss. 1 | €30883 | p. 11

RenderX

(page number not for citation purposes)


https://tspace.library.utoronto.ca/handle/1807/34914
http://dx.doi.org/10.1109/wh.2016.7764556
http://dx.doi.org/10.1109/iswc.2004.48
http://dx.doi.org/10.1117/12.2042986
http://dx.doi.org/10.3233/THC-150910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26409906&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26262203&dopt=Abstract
http://dx.doi.org/10.1145/3131085.3131123
http://dx.doi.org/10.1016/s1386-5056(03)00130-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14644308&dopt=Abstract
http://dx.doi.org/10.1145/3334480.3383169
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2019.06.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31296476&dopt=Abstract
http://europepmc.org/abstract/MED/29398976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29398976&dopt=Abstract
http://dx.doi.org/10.1017/S1049023X1400140X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25571779&dopt=Abstract
http://dx.doi.org/10.1111/ijcp.12688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26412708&dopt=Abstract
http://dx.doi.org/10.1016/j.jemermed.2014.07.045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25281180&dopt=Abstract
http://dx.doi.org/10.1177/1553350615597085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26224576&dopt=Abstract
http://dx.doi.org/10.1007/s10796-019-09937-7
http://europepmc.org/abstract/MED/25135308
http://dx.doi.org/10.1007/s13181-014-0420-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25135308&dopt=Abstract
http://dx.doi.org/10.1007/s10606-018-9339-8
http://dx.doi.org/10.1145/3411764.3445614
https://linkinghub.elsevier.com/retrieve/pii/S0964-3397(17)30174-X
http://dx.doi.org/10.1016/j.iccn.2017.11.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29291922&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Zhang et al

36.

37.
38.
39.

40.
41.

42.

43.

44,

45.

46.

47,

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.

60.

Mastrianni A, Kulp L, Sarcevic A. Transitioning to remote user-centered design activities in the emergency medical field
during a pandemic. In: Extended Abstracts of the 2021 CHI Conference on Human Factors in Computing Systems. 2021
Presented at: CHI EA "21; May 8-13, 2001; Yokohama, Japan p. 1-8. [doi: 10.1145/3411763.3443444]

Vuzix M400. Vuzix. URL: https://www.vuzix.com/products/m400-smart-glasses [accessed 2021-11-20]

Crunchfish. URL: https://www.crunchfish.com [accessed 2021-11-20]

Holton JA. The coding process and its challenges. In: Bryant A, Charmaz K, editors. The Sage handbook of grounded
theory. Thousand Oaks, CA: Sage Publications; 2007:265-289.

O'reilly K. Ethnographic methods. 2nd edition. Milton Park, UK: Routledge; 2012.

Fereday J, Muir-Cochrane E. Demonstrating rigor using thematic analysis: a hybrid approach of inductive and deductive
coding and theme development. Int J Qual Methods 2006;5(1):80-92. [doi: 10.1177/160940690600500107]

Nowell LS, Norris JM, White DE, Moules NJ. Thematic analysis: striving to meet the trustworthiness criteria. Int J Qual
Methods 2017;16(1):1609406917733847. [doi: 10.1177/1609406917733847]

Hartson R, Pyla PA. The UX book: process and guidelines for ensuring a quality user experience. San Diego, CA: Morgan
Kauffman; 2012.

Tulu B, Chatterjee S, Maheshwari M. Telemedicine taxonomy: a classification tool. Telemed J E Health 2007;13(3):349-358.
[doi: 10.1089/tmj.2006.0055] [Medline: 17603838]

Emberson J, Lees KR, Lyden P, Blackwell L, Albers G, Bluhmki E, Stroke Thrombolysis Trialists' Collaborative Group.
Effect of treatment delay, age, and stroke severity on the effects of intravenous thrombolysis with alteplase for acute
ischaemic stroke: a meta-analysis of individual patient data from randomised trials. Lancet 2014;384(9958):1929-1935
[FREE Full text] [doi: 10.1016/S0140-6736(14)60584-5] [Medline: 25106063]

Audebert HJ, Schwamm L. Telestroke: scientific results. Cerebrovasc Dis 2009;27 Suppl 4:15-20. [doi: 10.1159/000213054]
[Medline: 19546537]

Aase K, Soeyland E, Hansen BS. A standardized patient handover process: perceptions and functioning. Saf Sci Monit
2011;15(2):1-9.

Sarcevic A, Burd RS. Information handover in time-critical work. In: Proceedings of the ACM 2009 International Conference
on Supporting Group Work. 2009 Presented at: GROUP '09; May 10-13, 2009; Sanibel island, FL p. 301-310. [doi:
10.1145/1531674.1531720]

Bergrath S, Rortgen D, Rossaint R, Beckers SK, Fischermann H, Brokmann JC, et al. Technical and organisational feasibility
of a multifunctional telemedicine system in an emergency medical service - an observational study. J Telemed Telecare
2011;17(7):371-377. [doi: 10.1258/jtt.2011.110203] [Medline: 21933897]

Schuster M, Pints M, Fiege M. Duration of mission time in prehospital emergency medicine: effects of emergency severity
and physicians level of education. Emerg Med J 2010;27(5):398-403. [doi: 10.1136/emj.2009.074211] [Medline: 20442179]
McDonald KM, Schultz E, Albin L, Pineda N, Lonhart J, Sundaram V, et al. Care coordination measures atlas update.
Agency for Healthcare Research and Quality (AHRQ). 2014. URL: https://www.ahrq.gov/ncepcr/care/coordination/atlas.
html [accessed 2022-02-24]

Schultz EM, Pineda N, Lonhart J, Davies SM, McDonald KM. A systematic review of the care coordination measurement
landscape. BMC Health Serv Res 2013;13:119 [FREE Full text] [doi: 10.1186/1472-6963-13-119] [Medline: 23537350]
Zhang Z, Sarcevic A, Joy K, Ozkaynak M, Adelgais K. User needs and challenges in information sharing between pre-hospital
and hospital emergency care providers. In: Proceedings of the American Medical Informatics Association Annual Symposium.
2021 Presented at: AMIA °21; October 30-November 3, 2021; San Diego, CA.

Metatla O, Bryan-Kinns N, Stockman T. "I Hear You": understanding awareness information exchange in an audio-only
workspace. In: Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems. 2018 Presented at:
CHI '18; April 21-26, 2018; Montreal, Canada p. 1-13. [doi: 10.1145/3173574.3174120]

Follmann A, Ohligs M, Hochhausen N, Beckers SK, Rossaint R, Czaplik M. Technical support by smart glasses during a
mass casualty incident: a randomized controlled simulation trial on technically assisted triage and telemedical app use in
disaster medicine. J Med Internet Res 2019;21(1):e11939 [FREE Full text] [doi: 10.2196/11939] [Medline: 30609988]
First responder network authority. FirstNet Authority. URL: https:/firstnet.gov/about [accessed 2021-05-25]

Gupta S, Boehme J, Manser K, Dewar J, Miller A, Siddiqui G, et al. Does wearable medical technology with video recording
capability add value to on-call surgical evaluations? Surg Innov 2016;23(5):498-504. [doi: 10.1177/1553350616656278]
[Medline: 27335083]

Zhang Z, Joy K, Upadhyayula P, Ozkaynak M, Harris R, Adelgais K. Data work and decision making in emergency medical
services: a distributed cognition perspective. Proc ACM Hum-Comput Interact 2021;5(CSCW2):1-32. [doi: 10.1145/3479500]
Odenheimer S, Goyal D, Jones VG, Rosenblum R, Ho L, Chan AS. Patient acceptance of remote scribing powered by
Google glass in outpatient dermatology: cross-sectional study. J Med Internet Res 2018;20(6):¢10762 [FREE Full text]
[doi: 10.2196/10762] [Medline: 29929947]

Aldaz G, Shluzas LA, Pickham D, Eris O, Sadler J, Joshi S, et al. Hands-free image capture, data tagging and transfer using
Google glass: a pilot study for improved wound care management. PLoS One 2015;10(4):¢0121179 [FREE Full text] [doi:
10.1371/journal.pone.0121179] [Medline: 25902061]

https://humanfactors.jmir.org/2022/1/e30883 JMIR Hum Factors 2022 | vol. 9 | iss. 1 | €30883 | p. 12

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1145/3411763.3443444
https://www.vuzix.com/products/m400-smart-glasses
https://www.crunchfish.com
http://dx.doi.org/10.1177/160940690600500107
http://dx.doi.org/10.1177/1609406917733847
http://dx.doi.org/10.1089/tmj.2006.0055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17603838&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(14)60584-5
http://dx.doi.org/10.1016/S0140-6736(14)60584-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25106063&dopt=Abstract
http://dx.doi.org/10.1159/000213054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19546537&dopt=Abstract
http://dx.doi.org/10.1145/1531674.1531720
http://dx.doi.org/10.1258/jtt.2011.110203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21933897&dopt=Abstract
http://dx.doi.org/10.1136/emj.2009.074211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20442179&dopt=Abstract
https://www.ahrq.gov/ncepcr/care/coordination/atlas.html
https://www.ahrq.gov/ncepcr/care/coordination/atlas.html
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-13-119
http://dx.doi.org/10.1186/1472-6963-13-119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23537350&dopt=Abstract
http://dx.doi.org/10.1145/3173574.3174120
https://www.jmir.org/2019/1/e11939/
http://dx.doi.org/10.2196/11939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30609988&dopt=Abstract
https://firstnet.gov/about
http://dx.doi.org/10.1177/1553350616656278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27335083&dopt=Abstract
http://dx.doi.org/10.1145/3479500
https://www.jmir.org/2018/6/e10762/
http://dx.doi.org/10.2196/10762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29929947&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0121179
http://dx.doi.org/10.1371/journal.pone.0121179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25902061&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Zhang et al

61. Maruri HA, Lopez-Meyer P, Huang J, Beltman WM, Nachman L, Lu H. V-Speech: noise-robust speech capturing glasses
using vibration sensors. Proc ACM Interact Mob Wearable Ubiquitous Technol 2018;2(4):1-23. [doi: 10.1145/3287058]

62. Boillat T, Grantcharov P, Rivas H. Increasing completion rate and benefits of checklists: prospective evaluation of surgical
safety checklists with smart glasses. JMIR Mhealth Uhealth 2019;7(4):¢13447 [EFREE Full text] [doi: 10.2196/13447]
[Medline: 31033451]

63. Mentler T, Berndt H, Herczeg M. Optical head-mounted displays for medical professionals: cognition-supporting
human-computer interaction design. In: Proceedings of the European Conference on Cognitive Ergonomics. 2016 Presented
at: ECCE '16; September 5-8, 2016; Nottingham, UK p. 1-8. [doi: 10.1145/2970930.2970957]

64. Bosk CL, Dixon-Woods M, Goeschel CA, Pronovost PJ. Reality check for checklists. Lancet 2009;374(9688):444-445.
[doi: 10.1016/s0140-6736(09)61440-9] [Medline: 19681190]

65. Sparks EA, Wehbe-Janek H, Johnson RL, Smythe WR, Papaconstantinou HT. Surgical safety checklist compliance: a job
done poorly!. J Am Coll Surg 2013;217(5):867-73.e1-3. [doi: 10.1016/j.jamcollsurg.2013.07.393] [Medline: 23973104]

66. Koelle M, Ananthanarayan S, Czupalla S, Heuten W, Boll S. Your smart glasses' camera bothers me!: exploring opt-in and
opt-out gestures for privacy mediation. In: Proceedings of the 10th Nordic Conference on Human-Computer Interaction.
2018 Presented at: NordiCHI '18; September 29-October 3, 2018; Oslo, Norway p. 473-481. [doi: 10.1145/3240167.3240174]

67. Cobus V, Busse S, Heuten W. Google glass++: evaluating multimodal alarms on Google glass. In: Proceedings of Mensch
und Computer 2019. 2019 Presented at: MuC'19; September 8-11, 2019; Hamburg, Germany p. 795-799. [doi:
10.1145/3340764.3344910]

68. Lateef F. The practice of telemedicine: medicolegal and ethical issues. Ethics Med 2011;27(1):17.

Abbreviations

ED: emergency department

EHR: electronic health record

EMS: emergency medical services

HIPAA: Health Insurance Portability and Accountability Act
MCI: mass casualty incident

Edited by A Kushniruk; submitted 01.06.21; peer-reviewed by A Follmann, S Bhattacharjee, KC Wong,; comments to author 02.08.21;
revised version received 23.11.21; accepted 07.12.21; published 28.02.22

Please cite as:

Zhang Z, Joy K, Harris R, Ozkaynak M, Adelgais K, Munjal K

Applications and User Perceptions of Smart Glasses in Emergency Medical Services: Semistructured Interview Study
JMIR Hum Factors 2022;9(1):e30883

URL: https://humanfactors.jmir.org/2022/1/e30883

doi: 10.2196/30883

PMID:

©Zhan Zhang, Karen Joy, Richard Harris, Mustafa Ozkaynak, Kathleen Adelgais, Kevin Munjal. Originally published in JMIR
Human Factors (https://humanfactors.jmir.org), 28.02.2022. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The
complete bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright
and license information must be included.

https://humanfactors.jmir.org/2022/1/e30883 JMIR Hum Factors 2022 | vol. 9 | iss. 1 | €30883 | p. 13

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1145/3287058
https://mhealth.jmir.org/2019/4/e13447/
http://dx.doi.org/10.2196/13447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31033451&dopt=Abstract
http://dx.doi.org/10.1145/2970930.2970957
http://dx.doi.org/10.1016/s0140-6736(09)61440-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19681190&dopt=Abstract
http://dx.doi.org/10.1016/j.jamcollsurg.2013.07.393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23973104&dopt=Abstract
http://dx.doi.org/10.1145/3240167.3240174
http://dx.doi.org/10.1145/3340764.3344910
https://humanfactors.jmir.org/2022/1/e30883
http://dx.doi.org/10.2196/30883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

