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ABSTRACT

Background Graduate medical education (GME) has emphasized the assessment of trainee competencies and milestones;
however, sufficient in-person assessment is often constrained. Using mobile hands-free devices, such as Google Glass (GG) for

telemedicine, allows for remote supervision, education, and assessment of residents.

Objective We reviewed available literature on the use of GG in GME in the clinical learning environment, its use for resident
supervision and education, and its clinical utility and technical limitations.

Methods We conducted a systematic review in accordance with 2009 PRISMA guidelines. Applicable studies were identified
through a review of PubMed, MEDLINE, and Web of Science databases for articles published from January 2013 to August 2018.
Two reviewers independently screened titles, abstracts, and full-text articles that reported using GG in GME and assessed the
quality of the studies. A systematic review of these studies appraised the literature for descriptions of its utility in GME.

Results Following our search and review process, 37 studies were included. The majority evaluated GG in surgical specialties
(n = 23) for the purpose of surgical/procedural skills training or supervision. GG was predominantly used for video
teleconferencing, and photo and video capture. Highlighted positive aspects of GG use included point-of-view broadcasting and
capacity for 2-way communication. Most studies cited drawbacks that included suboptimal battery life and HIPAA concerns.

Conclusions GG shows some promise as a device capable of enhancing GME. Studies evaluating GG in GME are limited by small
sample sizes and few quantitative data. Overall experience with use of GG in GME is generally positive.

Introduction

Graduate medical education (GME) has emphasized
the importance of assessing resident competencies and
milestones so that residency programs throughout the
United States will produce physicians demonstrating
proficiency across multiple domains."* In order to
comply with new requirements, there is renewed
emphasis on resident assessment methods. Studies
have documented clear associations between level of
supervision and educational and patient-related out-
comes,> 13 resident autonomy,>®”!® satisfac-
tion,>”'? and clinical competence and preparedness
after graduation.>>”!*7'® Moreover, trainees have
identified lack of supervision as a major source of
suboptimal patient outcomes.®

Due to scheduling limitations, supervising physicians
are not always available to provide in-person over-
sight, which may be ideal for direct observation and
supervision. This is most challenging during time-
sensitive emergency consultations and after-hours
rotations, such as night float.® Lefrak and colleagues®
found night float residents encountered lower resident
supervision compared with their day rotation

DOI: http://dx.doi.org/10.4300/JGME-D-19-00148.1

colleagues. One strategy to ensure patient safety and
quality outcomes while reinforcing resident autonomy
and clinical education is adding in-house faculty, which
is a costly and resource-limited solution.®1%:11:17
Telemedicine offers a potential medium for enhanc-
ing remote supervision, education, and evaluation of
residents without necessitating increased physical
presence.'” 3% A variety of specialties have imple-
mented conventional telemedicine in GME by assess-
ing its feasibility for educating trainees via recorded

Vid60518’27’31

and live video-teleconferencing (VTC)
with good feedback.!”'?72123730 However, stationary
telemedicine end points are not always practical for
supervising residents performing hands-on physical
examinations or procedures in multiple clinical
environments.

Wearable technology has emerged as an alternative
to stationary telemedicine and is of recent interest
because of its applicability in the clinical setting.
Google Glass (GG) in particular is a popular hands-
free wearable device with telemedicine capability
(FIGURE 1). Multiple reviews have demonstrated
GG’s feasibility, usability, and acceptability in surgical
settings>>~3*
into GG’s role in clinical education.

and have called for increased research
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FIGURE 1
Google Glass Components

Note: Google Glass (GG) is a lightweight, wearable computing device. It can be mounted over framed glasses or worn with prescription lenses. GG
integrates the user’'s normal visual input into a 640 X 360 pixel digital screen (prism) at the corner of the user’s right eye. It does not obstruct a user’s
view, and the user only needs to look up to view the display. Standard features include a 5-megapixel camera that records in 720p, microphone, mastoid
bone conduction-based speaker, touchpad, and wireless and Bluetooth connectivity. In addition to manual control, GG can be operated via voice

commands and head gestures.

In this review, we specifically investigate the use of
GG in the clinical learning environment and evaluate
its use in both surgical and nonsurgical settings. We
appraise the literature for experiences with GG used
in GME for resident supervision and education,
which distinguishes it from previous reviews of
clinical uses for GG. We also review the clinical
utility and technical limitations of GG, again with a
focus on feasibility in the GME clinical learning
environment.

Methods

Our systematic review was conducted according to
the guidelines in the 2009 PRISMA statement for
reporting systematic reviews.>’

We established a search strategy after consulting 2
medical librarians. In August 2018, 3 databases
(PubMed, MEDLINE, and Web of Science) were
independently searched for articles that referenced the
use of GG in clinical practice by physicians or trainees
for the purpose of GME. To complete the search, we
queried articles published in the last 5 years using the

TABLE 1
Specific Eligibility Requirements for Each Criterion

key word “Google Glass.” Two reviewers (C.C.W.
and W.C.) independently screened titles, abstracts,
and full-text articles, selecting only articles pertaining
to use of GG in the GME setting. Only articles defined
as original research or case reports that had full text
available were included for analysis. The findings of
original research articles, and particularly those with
objective outcome measures, were weighted more
heavily in the analysis. Conference proceedings or
abstracts with no accompanying full text, editorials,
commentaries, or online/news reports were not
included. Duplicate records, non-English, and non-
human studies were also omitted. TaBLE 1 details our
full eligibility requirements. Our review focuses on
the use of GG due to the paucity of available
literature on other wearable devices.*

Each article satisfying our search criteria under-
went extraction of the following data points: author
names, publication year, specific medical specialty
described (if any), outcomes assessed, and a summary
of findings. We specifically aimed to highlight clinical
uses and how GG, as a novel device, might serve as a

Inclusion Criteria

Exclusion Criteria

1. Formal articles (defined as original research, review
articles, case reports) with full text

2. Google Glass used by physicians or trainees in clinical
practice

3. Published between January 1, 2013, and August 1, 2018

1. Conference proceedings/abstracts without full text
2. Editorials, commentaries, online/news reports

3. Nonhuman

4. Non-English
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Satisfied search criteria

n =349 - -
PubMed: 150 Dupllncaltei ggtlcles
MEDLINE: 87

Web of Science: 112

Records screened on title
n=180

Records excluded on title
n=107

v

Records excluded on abstract
n=25

Records screened on abstract
n=73

Full-text articles assessed
n=48

Full-text articles excluded
n=11

Articles included in this review
n=37

FIGURE 2
Flowchart of Study Screening Process

substitute for conventional telemedicine to augment
education and supervision.

Results
Search Results and Study Descriptions

The literature search yielded a total of 349 publica-
tions. After excluding duplicates, we performed an
initial screening process of scanning the titles (remov-
ing 107 articles), then reading the abstracts (removing
25 articles), finally producing 48 unique publications.
After reviewing the full texts, we removed 8
additional articles not pertaining to GME, and 3
review articles. A total of 37 articles were included in
the final review (FIGURE 2). The 37 publications
included 32 original research articles and 5 case
reports. The number of publications for each year is
as follows: 2013 (n =1), 2014 (n = 6), 2015 (n =11),
2016 (n=13), 2017 (n=6), and 2018 (n=0). The
included articles were mostly from surgical or
subsurgical specialties (n =23, 62%), and the re-
mainder were from medical specialties (n = 14, 38%).
The most common uses for GG in these articles was
surgical/procedural skills teaching or supervision
(n =23, 62%), imaging/study interpretation (n = 10,
27%), and simulation-based exercises (n =4, 11%).
A summary of included articles is presented in TABLE 2.

Study Quality Overview

Studies of GG in GME are in the early stages, with
most studies (n =26, 70%) describing feasibility,
general use, and feedback on the device’s utility. A

REVIEW

small subset of these studies (n =3, 8%) compared
GG to other devices with regard to performance in the
clinical learning environment on the basis of video
quality, technical limitations, and ease of use. Few
studies (n=4, 11%) had objective measures of
surgical/procedural performance comparing GG
wearers to nonwearers, including time to completion,
number of attempts, and need for repositioning/
redirection. Only 2 studies (5%) specifically evaluated
differences between GG-based assessment and con-
ventional assessment methods (in-person supervision
or third-person video assessment). Articles felt to be
of particularly high quality are identified in TABLE 2.

Clinical Uses of GG in GME

Currently available uses of GG broadly include VTC,
photo and video capture, and custom prism displays
(what can be viewed by the device wearer; FIGURE 1).
GG?’s ability to conduct VTC has been demonstrat-
ed for surgery,’'**™*¢ dermatology,***” neurology,*®
pediatrics,* cardiology,’® and toxicology.’"** With
VTC, GG also doubles as a telementoring device,
allowing trainees to broadcast their point of view to
supervising physicians*?#430-31.33 36
Vallurupalli et al’® found GG could assist trainees in
simulated clinical scenarios and allow for improved
patient communication. Skolnik et al*' showed high
agreeability between in-person and remote supervi-
sors when toxicology fellows wore GG for live-
streaming physical examinations and transmitting
still photos of electrocardiograms (ECGs). Chai et
al’? reported that residents seeing toxicology consults
in the emergency room using GG to aid their
consultation (VTC with remote supervisors) resulted
in a change in medical management in approximately
one-half of cases. Thus, trainees were able to gain
clinical experience and direct supervisor feedback
even in the absence of direct physical oversight.
Beyond person-to-person VTC, existing literature
highlights a range of GG uses, including live-
streaming vital signs during simulated surgical sce-
recording video for resident assessment
purposes,®®-37:4%:33-5¢ hyilding a video library to log
improvements,*® and capturing point-of-view proce-
dures performed by senior physicians.®”~*® Sahyouni
et al®” reported that reviewing video clips recorded
via GG enhanced neurological surgery residents’
technical understanding of procedures, ultimately
leading to increased confidence and level of comfort.
Multiple studies reported improved trainee tech-
niques following review of recorded surgical videos,
with Chimenti and Mitten*® noting that for percuta-
neous pinning of hand fractures in a cadaveric lab, use
of GG led to decreased time to pin fracture, a decrease

and vice versa.

narios,>*
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TABLE 2

Summary of References

2015

Publication . Outcome(s)
Study, y it Specialty Assessed Summary
Lee et al,®' 2016 Article Spinal surgery Feasibility, safety, This study compared GG to other
and efficacy of commercially available action cameras
action cameras in (GoPro Hero 4 Silver and Panasonic HX-
spine surgery A100). GG was the most convenient and
lightweight device for long operations,
and the only device to allow 2-way
communication. However, GG lacked the
image quality (HD format) and field of
view of GoPro.
Moshtaghi et al,>® | Article Otolaryngology Utility within ENT GG allows otolaryngologists to record
2015 surgery surgery and surgical videos, communicate between
potential for teams, and remotely supervise trainees.
surgical education However, GG suffers from technical
and enhancement limitations, such as limited visualization of
of communication the full depth of anatomy.
between surgical
teams
Sahyouni et al,>” | Article Neurological Debriefing and GG enhanced neurological surgery residents’
2017 surgery resident education education, specifically their technical
understanding of procedures.
Chimenti and Article Surgery Total time to pin GG is feasible for assisting in the visualization
Mitten,>® 20152 fracture, total of fluoroscopic images during
number of pin percutaneous pinning of hand fractures on
attempts, total cadavers. GG led to decreased time to pin
number of fracture, the number of pin attempts, and
fluoroscopic the number of fluoroscopic images
images obtained obtained.
Knight et al,* Case report | Surgery Feasibility GG successfully broadcast a cardiac

procedure onto a mobile phone for
remote viewing. They report feasibility for
medical education, as GG replaces
expensive and cumbersome equipment for
remote viewing.

2016"

and
cardiothoracic
surgery

placement, time to
completion, user
satisfaction

Sinkin et al,*° Article Plastic surgery Ease of use, image Plastic surgeons wore GG for image and
2016 quality, gaze video capture during operations. The
disruption, and surgeons rated GG as comfortable and
distraction during easy to wear on a postoperative survey,
surgery although one-third rated GG as distracting.
Baldwin et al,*' Article Surgery Organ quality GG live VTC function allowed off-site
2016 assessment transplant team members to participate in
measures the assessment of donor organ quality.
Hamann et al,*? Article Dermatology Communication and | GG is an asset for communication between
2014 collaboration multiple physicians and departments,
between especially in the setting of Mohs surgery. It
physicians in can lead to improved patient care and
multiple outcomes as the coordination is made
departments more efficient.
Brewer et al,* Article General surgery Accuracy of needle GG was assessed as a wearable surgical

visualization device for inheriting the first-
person perspective of the surgical resident.
Results showed improved accuracy of
needle placement without significant
change in time to task completion. Also,
users had favorable reviews of the device.
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Summary of References (continued)

REVIEW

Publication .
Study, y Category Specialty Outcome(s) Assessed Summary
Armstrong et al,** | Case report | Surgery Feasibility and Provided case examples of GG use for diabetic
2014 resident education limb salvage surgery. GG enhanced
communication among surgeons and has
the potential to increase patient safety.
Borgmann et al,** | Article Urology Feasibility, safety, and | Implementation of GG is feasible and safe in
2017 usefulness in urologic surgery. Urologists rated GG most
urologic surgery useful for taking photo/video for training
purposes.
Garcia-Cruz et al,*® | Article Urology Usefulness in the Urologists found GG more useful in the
2018 operating room operating room than outpatient clinic. Live
VTC, specifically for educational purposes,
was the highest-rated functionality.
Chai et al,*” 2015 | Article Dermatology | Feasibility and GG is a feasible and acceptable device for real-

acceptability

time ED teledermatology. Patients believed
their privacy was protected and preferred
GG to standard telephone consults when
face-to-face consults were unavailable.

Yuan et al,*® 2015 | Case report | Neurology Feasibility for The authors described a case of acute
telestroke evaluation and IV thrombolysis guided by
GG VTC between a local physician and
remote neurohospitalist. They found GG to
be convenient and reliable for
teleconsultation.
Drummond et al,*® | Article Pediatrics Feasibility for remote Pediatric residents were tasked with
2017° management of performing CPR on a mannequin. One group
CPR was allowed to utilize GG for live VTC with a
remote intensivist and compared to a non-
GG control group. GG did not significantly
improve pediatric residents’ CPR quantity of
compressions but did improve quality of
compressions.
Vallurupalli et al,>® | Article Cardiology Fellow education and | This study assessed the effect of GG on the
2013 patient outcomes educational experience of cardiology fellows.
Trainees enacted scenarios that were
livestreamed to a remote device for
supervision. Results demonstrated GG's
potential to enhance medical education and
patient safety.
Skolnik et al,” Article Toxicology Reliability and Results demonstrated high agreeability
20167 acceptability between in-person and remote supervisors
between in-person when toxicology fellows wore GG for
and remote livestreaming physical examinations and
supervisors transmitting still photos of ECGs.
Additionally, they showed that users were
comfortable with the device.
Chai et al,>2 2014 | Article Toxicology Feasibility of GG VTC | Toxicology residents in the ED wore GG for

for toxicology
consults

VTC with remote fellows and attendings.
Video quality was usable in 89% of cases,
and the GG consult altered medical
management in approximately half of the
cases.
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TABLE 2

Summary of References (continued)

Publication . Outcome(s)
Study, y Category Specialty Assessed Summary
Hashimoto et al,>® | Article Surgery Video quality and The authors compared GG and Apple iPhone
2016 safety for 5 video quality for a telementoring session
telementoring during the open cholecystectomy portion
of a Whipple procedure. They found current
hardware limitations preclude GG’s full
adoption as a telementoring device for
surgery.
Liebert et al,>* Article Surgery Usefulness for vital Vital signs were livestreamed during simulated
2016 sign monitoring surgical procedures. GG did not significantly
reduce the time it took residents to
recognize vitals deterioration.
Evans et al,> Article Surgery First-person (GG) GG first-person vantage point can improve
2016° versus third-person the visualization of bedside procedural skills
videos for assessment for surgical residents while
visualization of maintaining interrater reliability when
bedside procedural compared to in-person real-time evaluation.
skills assessment in However, GG has several limitations, related
surgical residents to its line of sight and ergonomics.
Son et al,>® 2017 | Article Otolaryngology | Resident education Patients in an ENT clinic wore GG to record
residents during a clinic encounter.
Residents subsequently reviewed the
recordings for training purposes.
Rahimy and Article Ophthalmology | Utility for surgical GG was utilized to record still photos and
Garg,”” 2015 education video clips during a scleral buckling
procedure. They found that GG holds
promise for surgical teaching, as the
recordings were detailed enough to
recognize salient steps of the procedure.
Nakhla et al,>® Article Neurological Resident education Senior neurological surgeons captured video
2017 surgery segments of critical teaching moments
during neurological surgical procedures.
Residents found GG easy to use in a
postassessment survey.
Jeroudi et al,>® Article Cardiology Accuracy of remote Interpretation via GG display is less accurate
2015 ECG interpretation compared with other modalities, and GG
will benefit from a higher-resolution
camera. There is limited satisfaction and
confidence among participants using GG.
Spencer et al,%° Case report | Pediatric Feasibility of GG for GG is a feasible tool for the documentation of
2014 anesthesia airway airway assessment and management with
management minimal disruption to care under standard
OR settings (room lighting, etc).
Spaedy et al,®' Article Cardiology Accuracy for x-ray Physicians interpreted chest x-rays via the GG
2016 interpretation prism screen, a photo capture taken via GG,
and on a traditional computer screen. The
majority were uncomfortable interpreting
the x-ray on the small prism GG screen, yet
many were satisfied with the photo taken
via GG.
Schaer et al,% Article Surgery Accuracy of The study shows that GG may be useful for
2015 identifying live ECG readings in emergency situations.
abnormal ECG Six differing ECG rhythms requiring urgent
rhythms from GG attention were simulated, and GG
demonstrated no significant difference from
live ECG readings on a laptop.
642 Journal of Graduate Medical Education, December 2019
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Summary of References (continued)

REVIEW

Study, y Publication Snesialty Outcome(s) ST
! Category Assessed
Drake-Brockman Article Pediatric Satisfaction and ease | Pediatric anesthetists used a custom-designed
et al,®® 2016 anesthesia of use GG software to continuously view patient
parameters from the anesthesia work
station. They found the custom software
acceptable and nondistracting.
Wu et al,®* 2014® | Article Emergency Feasibility of using GG is feasible for use during ultrasound-
medicine GG for ultrasound- guided procedures. GG users took longer
guided procedures than their non-GG counterparts to
complete the ultrasound-guided
procedures and required more needle
redirections; however, GG users had
decreased unnecessary hand movements
compared with the control group.
Diaz et al,%® 2017 | Case report | Neurological Feasibility of using Neurological surgeons mounted GG onto a
surgery GG in neurological surgical loupe and integrated the Stealth
surgery S7 (Medtronic Inc, Littleton, MA) GG
software for an image-guided surgical
resection of an intracranial tumor.
However, GG is unable to provide the
necessary magnification for procedures
requiring a microscope.
Dickey et al,®® Article Urology User satisfaction and | Utilized a novel application that assisted
2016 educational urology trainees in placing an inflatable
outcomes penile prosthesis.
Muensterer et Article Pediatric surgery | Utility of GG in GG has utility in the clinical setting, but
al,’” 2014 pediatric surgery several limitations need to be solved, and
medical applications need to be developed
before it can be recommended universally
to physicians and surgeons.
Porras et al,%® Article Neurological Ergonomics, media Neurological surgeons compared GG to a
2016 surgery quality, and media Panasonic HX-A500 camera for surgical
sharing recording. Both had shortcomings related
to ergonomics, while Panasonic had
greater media quality and GG had greater
media-sharing ability.
Duong et al,*® Article Cardiology Accuracy of coronary | Ninety percent of surveyed physicians were
2015 angiogram “somewhat or very satisfied” that GG
interpretation recordings of coronary angiograms were
adequate for interpretation of major
findings.
Stetler et al,” Article Cardiology Accuracy of ECG A third-party software (VitalCom) provided
2016 interpretation hands-free zoom and pan capability when

viewing images through the GG display.
This functionality allowed increased
accuracy of ECG interpretation and showed
no significant difference from paper or
mobile phone ECG interpretation. GG use
was also associated with high physician
satisfaction.

Abbreviations: GG, Google Glass; ENT, ear, nose, and throat; VTC, video-teleconferencing; ED, emergency department; IV, intravenous; CPR,
cardiopulmonary resuscitation; ECG, electrocardiogram; OR, operating room.

? Higher-quality study.

in the number of pin attempts, and a decrease in the

document airway placement in the operating room,

60

number of fluoroscopic images obtained.*® Lastly,

photo capture has been used to obtain intraoperative

40,42 59

photos, obtain photos of electrocardiograms,

and photos of chest x-rays.®! Schaer et al®* simulated
6 differing ECG rhythms thought to require urgent
attention, and trainees using GG images for
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interpretation demonstrated no significant difference
from live ECG readings on a laptop.

Custom-designed GG applications provide an
avenue to enhance basic GG functionality. Custom-
designed applications have been developed for pedi-
atric anesthesia® and cardiac surgery®” to continu-
ously monitor patient parameters. Additionally,
custom-designed GG applications have been utilized
in image-guided procedures, such as ultrasound-
guided central venous access,’* intracranial tumor
resection,® and urologic prosthetics.®®

Limitations of GG in GME

In 30% (n=11) of studies reviewed, the most
commonly reported hardware criticism of GG in
GME relates to battery life.27-2537538:45:57,58,63,67.:68,71
Additionally, GG use was affected by incompatibility
with select surgical equipment,*!-3%->7:6¢:67 inability to
follow gaze and correct to the line of sight,?!-6-57:66:67
distractibility,®®#%¢5-¢772 and propensity to over-
heat.’>** Use of GG may be limited by room
lighting,?¢=3837:6¢:67 4 need for additional glasses, or
surgical magnification loupes.*’**3” However, at least
1 study®” found that GG fit with magnifying loupes for
scleral buckling surgery, and others utilized strong
adhesive tape for loupe attachment.®>**® GG software
obstacles include a lack of zoom capability,’”-*5:¢1:67
and connectivity issues that hamper VTC and recorded
multimedia audiovisual quality,?!-36:44-50:52,53,64,67.69
To address zooming, Stetler et al’® disclosed an
increased accuracy of remote ECG interpretations on
GG with the use of third-party software that enabled
hands-free zoom and pan capability, addressing a
drawback previously reported by Jeroudi et al.*”

Wearer distractibility is also a major concern in the
GME setting. One study likened GG voice control
features to hands-free communication while driv-
ing.®” Another had reservations about inattention
blindness,*® but this may be reduced by increasing the
emphasis on layout, space, colors, and timing design
of the GG software. An additional study found that
residents adopted a “listening attitude” during live
VTC that negatively impacted performance.*’

As with all forms of telemedicine, patient privacy
and data security represent a potential concern among
medical GG users,3¢:38:3%:4447.48.55.57.67 (Jpder the
Health Insurance Portability and Accountability Act
(HIPAA) and the Health Information Technology for
Economic and Clinical Health Act (HITECH),”?
many commercial wearable devices with GG-like
features do not comply with the extensive informa-
tion technology standards.’> Muensterer et al®’
noticed GG automatically syncs with Google servers
when charged and connected to a Wi-Fi network,
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leading to concerns about sensitive information being
transmitted outside the medical center firewall.®” To
address concerns regarding privacy, many users retain
the services of certified partners of GG in order to
operationalize them for use in the health care
setting.*”>*1>2 From patient perspectives, use of GG
appears to be acceptable.®>°” Patients evaluated with
use of GG in teledermatology consults felt comfort-
able when physicians used third-party HIPAA-com-
pliant GGs.*”

Acceptability

A majority of studies expressed striking acceptability
among  physicians’7+#0:43:45,46,49.54,56,58,66.67.70 ;4
patients.>'>%%¢” One study found that younger
trainees rated GG as more educationally useful and
less distracting in the operating room compared with
their faculty counterparts.®® Despite results that did
not fully support the use of GG in GME, most
researchers remained optimistic about future itera-
tions and the potential to improve provision of
clinical care and medical education.?”-*%-33:63.70

Discussion

Our review highlights that much of the literature
investigating use of GG in GME has been focused on
the feasibility and general use of GG within the
clinical learning environment. The literature suggests
that the ability to execute VTC, particularly using the
wearer’s point of view, holds promise as a tool for
procedural skills acquisition, remote supervision, and
assessment.

Interestingly, we did not encounter any reports of
patients wearing GG for point-of-view-recorded
encounters with a resident as a tool for self-
assessment. This use has been described in both
nursing and dental training settings.”*”* As did many
of the articles in our review, much of the existing
literature regarding use of GG within the medical
realm is focused on reporting feasibility. Unfortunate-
ly, the literature to date does not include much
quantitative or qualitative data reporting the utility of
GG from the resident’s perspective. Nor are there
significant data specifically investigating if this en-
hanced supervision led to improvement in patient
outcomes or resident performance.

Limitations of our review include the relative
paucity of literature specific to GG applications in
GME, and the published articles primarily include
single institution studies or small sample sizes. We
chose to exclusively study GG due to its early
penetration among wearable devices into the clinical
learning environment, although there are other
wearable devices commercially available that may



offer alternative characteristics for future application.
Among the literature describing GG and its accep-
tance as an educational tool, few objective data exist,
and most experience remains observational. Unsur-
prisingly, much of the current published literature
focuses on GG incorporation in surgical settings.
More studies of its utility and feasibility in nonsur-
gical settings will allow for a more complete picture
of its future incorporation into medical education and
training. Lastly, with the rapid pace of technologic
innovation, results may not reflect current advances in
wearable mobile health technology.

The body of literature evaluating GG in GME
would be bolstered significantly by additional studies
more specifically investigating benefits to resident
learning and performance as opposed to simply the
feasibility of use in the clinical learning environment.
A qualitative assessment of the resident perspective
when using GG in their education could provide
greater insight into trainee experience beyond accept-
ability, which is what has been published most
extensively. Evaluation of patients’ attitudes to
residents’ use of GG in their care would also be
informative.

Conclusions

Despite the promise and early experience with GG as
a health care and GME tool, further investigation
aimed at demonstrating specific educational benefits
and feasibility in more diverse settings is needed
before it can be fully integrated into the clinical
learning environment. This review made evident
potentially solvable issues with usability, durability,
and acceptance currently seen across specialties. As
mobile health technology continues to evolve, GG
and other mobile, hands-free devices may serve as
effective media for remote supervision and evaluation
of medical trainees in the clinical learning environ-
ment.
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