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Editorial

Wishing You a Safe and Happy Festive Season
1

1

William Yan, Dr

Senior Editor, Journal of Mobile Technology in Medicine
Journal MTM 6:3:1, 2017
doi:10.7309/jmtm.6.3.1

Dear Readers,
It is with great pleasure that we welcome our final
issue for 2017, with a selection of articles highlighting innovative approaches and mobile technology-
based practices that are improving healthcare
around the world. This has been an exceptional year
for JMTM and we would like to take an opportunity
to thank our readership for their outstanding contributions, as the quality and volume of our submissions continues to expand.
It is worth noting the demand for connected devices
in healthcare continues to accelerate rapidly, and in
particular it is worth recognising the potential that
smart device ecosystems have, otherwise known as
an “Internet of Things” (IoT), to add value and
change how and where health data is generated, collected and analysed.
Evidence-based medicine has traditionally relied
on information from the published literature in
combination with clinical to formulate an accurate
diagnosis, and confer a probable disease course,
prognosis and treatment. Predictive analytics – in
contrast to the bulk of research that is focused on
identifying disease risk factors and prognosis for a
general population – uses statistical methods and
learning models to analyse large amounts of general
population data together with individual data (such
as genotype from genome sequencing) to create
prediction profiles for individuals. This approach
incorporates a larger number of comprehensive
assessment tools and a greater scope of information,
and statistical models that can update as new information comes to light. Predictive analytics may also
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empower researchers to find answers from the vast
sets of data available that were previously possible
1
only through comprehensive longitudinal studies.
The value of prediction lies in detecting disease
before it manifests and brings harm to patients, and
by mitigating harm through adequate preparation
and prevention of complications. In the near future,
we may see Big Data (characterized by volume, variety, velocity, and veracity) being combined with an
individual’s real-time exposome data collected from
wearables or household sensors to enable precision
medicine on a scale which has not been feasible
previously.
In this issue, we present original articles investigating the utility of mobile technology in the rehabilitation setting and revisit how smartphone applications
are changing practices in medicine, from the way
take attendance in lectures, to how we can maximise
efficiencies in the operating theatre. We revisit the
applications and success of a low-cost 3D-printed
smartphone ophthalmoscope from Myung et al of
Stanford University (first published in JMTM) and
welcome a commentary perspective on a framework
for the ethical design of mobile health interventions
2
from Brager et al at Johns Hopkins University.
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Background: Student attendance at teaching-learning sessions is traditionally registered using
pen-and-paper. This method has many weaknesses: lost, hard to verify, attendance-by-proxy, late
submission. The Quick-Response Code is a two-dimensional barcode that can be read with a QR
reader on a smartphone that captures and instantly transmits information to a cloud storage. We
describe the use of a QRC method to register medical students’ attendance and assessed their
perception of this method compared to PAP.
Method: The attendance of 112 medical students in all teaching and learning sessions in internal
medicine posting was registered either with QRC or PAP. A static QR code was generated using
open source software online and linked to Google Document for storage of data registered. At the
end of the posting, the students’ perception was assessed using a 4-point Likert scale satisfaction
survey.
Results: 83 students participated in the survey (74% response rate). 100% owned a smart device and
91.6% had data connectivity. Compared to PAP, the QRC method was perceived to be more
convenient, more accurate, more secure and more environment-friendly and preferred (all p < 0.05).
The QRC method was not significantly faster than the PAP (p = 0.361).
Conclusion: The QRC method was the preferred attendance record tool compared to the traditional
PAP method. Its adoption in the closed and secure environment of a medical campus and hospital is
feasible and should be explored.
Keywords: QR code, attendance record tool, medical school
Journal MTM 6:3:2–6, 2017
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Introduction

For optimal training of medical students, their physical attendance at all teaching activities is often
required. Physical attendance allows face-to-face
interactions between the lecturer and students,
between fellow students and between students and
patients in the wards or clinics. These interactions
allow the students to gain wide clinical exposures
that will help enhance their competencies as practicing doctors when they graduate.
At the International Medical University (IMU),
the attendance of medical students at teaching sessions, be it at the campus or the hospital is registered using pen-and-paper (PAP). Typically, the
group leader is responsible to obtain the signatures
of all his groupmates at all teaching sessions in a
week, either during or at the end of the session.
The signatures are registered on an attendance
sheet which must be verified by the lecturer or doctor assigned to the teaching session. At the end of
each week, the completed attendance sheet is submitted for manual entry on a desktop computer
into an attendance repository. This method has
several disadvantages:
1. The group leader occasionally forgets to bring
the attendance sheet to class, or neglects to
obtain all signatures, or forgets to get the lecturer to verify the attendance, or forgets to submit the completed attendance sheet.
2. The group members sometimes forget to sign
their attendance.
3. Attendance by proxy can occur when students
sign for their peers who are absent.
4. The attendance sheet may be misplaced or
lost.
5. The manual transfer of data from the attendance
sheet onto the computer for record keeping is
subject to human error.
6. Depending on the class size, the attendance-taking process can be time consuming.
These disadvantages may result in inaccurate documentation of students’ attendance that may negatively impact the final tally of their attendance. At
the IMU, a minimum of 75% attendance per semester in all teaching activities is required as one of the
eligibility criteria to appear for examinations. An
ideal attendance record tool should be convenient to
use, accurate, fast, secure, has minimal impact on
the environment, and not easily subjected to the
practice of proxy attendance.

JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

The Quick-Response Code (QRC) is a type of
two-dimensional barcode that can be read with a
scanning device to reveal information stored within
the code. It can be used to code characters, images,
music, web-links, emails or act as a conduit to transmit data to a designated landing site. The use of
QRC is increasing popular with the explosion of
mobile devices. QRC codes can be easily generated
using many paid or free online sites.
QRC can be divided into static or dynamic codes.
In static QRC, the actual landing site is placed
directly into the code and cannot be modified.
Hence, a new code needs to be generated whenever
the information contained within the QRC is
changed. A dynamic QRC, on the other hand,
allows the embedded landing site to be changed
1
without the need for new codes to be generated.
Masalha et al described a QRC-based system
designed to capture student attendance, generate
QR codes for instructors, and run identity and
location checks. Attendance was registered via a
QR code that was displayed during or at the beginning of a lecture for students to scan with their
2
smart devices. Deugo described an inexpensive
QR code-based system to capture students’ attendance in a large classroom setting. The cost of
development and maintenance was kept low
3
through the use of open source software.
We describe an exploratory pilot study utilizing
QRC generated with open source software to capture medical students’ attendance in teaching sessions in one semester of internal medicine posting
and assessed the students’ perception of the QRC
method compared to traditional PAP method of
attendance taking.

Method
Student population
Our study was conducted at the clinical campus of
the IMU in the city of Seremban, State of Negeri
Sembilan, Malaysia. The student population was
112 medical students in their first year of clinical
training. These students were divided into three
groups and each group was posted to the internal
medicine posting for 7 weeks on a rotational basis in
a semester. Apart from clinical sessions such as ward
work, clinics, and bedside teachings, their posting
also included lectures; task based learning sessions
and medical seminars.
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Register of attendance using QRC
Eight internal medicine lecturers were chosen to participate in the study. Four of them were assigned to
register the students’ attendance in all their teaching
sessions using the traditional pen-and-paper method
while the other four were assigned to register students’
attendance using a static QRC generated from an
4
open source software online (Figure 1). At the beginning of each internal medicine posting rotation, the
students were briefed regarding the objectives of the
study and how their attendance would be registered
during their posting. At the end of each teaching sessions of the posting, medical students were asked to
scan the QRC provided by their lecturers using a QR
scanning app on their smart devices. Students were
allowed to scan the QRC once and enter their details
once. Those who failed to log in were considered
absent. In small group teaching sessions, the lecturers
were instructed to carry the QRC with them, either as
a small print out or downloaded onto their smart
phones. The students are instructed to register their
attendance in the presence of the lecturer. In sessions
involving large number of students, the QRC was
projected onto a screen on the wall for a limited time
and the students were asked to log in their attendance
by scanning with their smart devices from a distance.
The embedded information within the QRC would
link the students to an interface created using Google
Form (Figure 1) where they were required to enter
their names, student registration numbers and the
teaching sessions that they had attended. These

information were automatically uploaded on to an
online Google Doc database. Once a week the consolidated database of registered attendance was downloaded from Google Doc directly into the campus’
attendance repository. The remaining four lecturers
were instructed to capture the students’ attendance in
the usual way using pen and paper. To minimize the
risk of students clandestinely obtaining a copy of the
QRC and using it to log in their attendance remotely
or sending it to their friends for them to log in their
attendance while being absent, the QRCs are periodically changed without the knowledge of the students.
Assessment of medical students’ perception on
attendance record methods
At the end of each internal medicine posting, the
medical students were asked to respond to a self-administered online questionnaire created using an open
5
source software. They were asked to rate their experience of having their attendance registered using QRC
compared to PAP. Seven criteria was used for comparison purpose (Table 1). A 4-point Likert scale was
used for rating purpose where ‘1’ represented ‘strongly
disagree’ and ‘4’ represented ‘strongly agree’. Each
student was allowed to participate in the survey once.
Participation was voluntary and they were allowed to
complete the survey at leisure without interruptions.
Statistical analyses
To determine statistical significance, comparison
of mean using the one sample student-t test was

Figure 1: Attendance registration process using either pen-and-paper or QR code

JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

VOL. 6

ISSUE 3

DECEMBER 2017 4

Original Article
Compared to PAP, the QRC method…
1. Is more convenient to use
2. Is more environmental-friendly
3. Is more accurate
4. Is faster
5. Is more secure
6. Minimizes attendance-by-proxy
7. Is preferable

Rating

†

1

2

3

4

8
1
3
18
1
5
7

26
5
23
21
15
9
16

27
22
28
19
34
34
35

24
55
29
25
33
35
25

*

Mean

SD

P value

2.83
3.58
3.00
2.61
3.19
3.10
2.94

0.935
0.665
0.883
1.135
0.772
0.862
0.915

0.002
<0.001
<0.001
0.361
<0.001
<0.001
<0.001

†

*

Number of respondents under each category of the Likert scale: 1: strongly disagree; 2: disagree; 3: agree; 4: strongly agree. P value derived from comparison
with a test value of 2.5 with 95% confidence interval. PAP: pen-and-paper; QRC: QR code; SD: Standard Deviation.

Table 1: Students’ perception of QRC as an attendance record tool compared to PAP

performed using a test value of 2.5. Mean values
above 2.5 were considered as agreeing to the question statement while mean values below 2.5 were
considered as disagreeing to the question statement.
All p values were ‘two tailed’ with 95% confidence
interval with p < 0.05 considered to be statistically
significant. All statistical analyses were performed
using the IBM SPSS Statistics for Windows, Version
19.0; IBM Corp. Released 2010. Armonk, NY.

Results

Eighty-three students participated in the survey
(74% response rate). All of the students possessed
at least one smart device and 91.6% (76) had either
3G or 4G connectivity on their smart devices. The
responses of these 76 students regarding their perceptions of using QRC as an attendance record tool
compared to PAP are tabulated in Table 1.

Discussion

The medical students in our study rated their experience using the QRC method more favorably than the
traditional PAP method as an attendance record
tool. They felt that the QRC method was more
convenient to use, more accurate, more secure, and
more environmental-friendly (all p values < 0.05).
Ironically, the only item that did not differ significantly between the two methods was ‘speed’ (p =
0.361), considering that the QRC method uses technology and therefore should logically be faster compared to PAP. The discrepancy could be explained
by the lack of stable 3G or 4G connectivity in many
certain areas and in the IMU campus. Mobile connectivity in the hospital differed greatly depending
on the quality of service provided by different telecommunication companies in Malaysia. Although
Wi-Fi was freely available in the IMU campus,
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

connectivity was often dependent on the number of
users and bandwidth availability. The slow data connectivity may have caused the students to rate the
QRC method less favorably in terms of speed. In
addition, in the PAP method, the attendance sheet
was often passed around for the students to sign
even while the teaching session was in progress thus
making their experience of both methods of attendance taking to be similar with regards to speed.
Nevertheless, in general the QRC method was preferred over PAP method by the students (p < 0.001).
The results of our study is proof-of-concept that
the QRC method is a feasible alternative that can
be adapted for use at the IMU as a quick, secure,
convenient and accurate alternative tool for attendance record. With this method, the element of
human error can be minimized. Less reliance on
pen and paper would mean less expenditure in the
long run for the university, and a smaller carbon
footprint. The QRC method is particularly useful
in two medical settings – when the group is too
large to rely on PAP method to capture the attendance of all participants in the group accurately,
for example, in a medical conference or seminar;
and in the hospital wards where students are typically scattered over a large area of the hospital,
often on different floors where their attendance
becomes hard to monitor. In the latter, the attendance of students can be registered in a reverse
manner to that described in our study methodology, whereby instead of the lecturers, each student
can be assigned his or her own unique QRC embedded with his or her identifying information such as
name and student number. Dedicated QRC scanners may be installed in the hospital wards for the
students to log in their attendance simply by scanning their individual QRC.
VOL. 6
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The QRC method we have described is not infallible.
As it is dependent on the internet, any disruptions in
the internet would render the system to fail in which
case the use of PAP may be necessary as backup.
As for the accuracy of information captured using
the QRC, it would be logical to assume digitally
captured data are more accurate than manually

captured data. In our study, we have determined that
the information captured using the QRC were accurate although we did not compare this with information captured using the PAP method. The was
because using both methods to register attendance
in a teaching session would take up too much time
causing lessons disruption. It may also induce unintended bias as the students, knowing their attendance would be captured twice via two different
methods, may be compelled to be extra careful and
vigilant in registering their attendance especially via
the PAP method that may affect the comparison of
accuracy between the two methods.
The QRC method is not impervious to fraud, particularly in the setting of a large group of users in
medical seminars or conferences where it would be
near impossible to ensure everyone login only once
or to prevent a picture of the QRC being clandestinely circulated for absentees to login remotely.
Additional features such as enabling geolocation
detection at log in and two-step log in requiring
passwords may be considered to minimize the risk
of fraud or proxy attendance. Security concerns
regarding the use of QRC have been raised from
time to time that included the risk of leakage of personal information of users to unauthorized people
and the illegal channeling of QRC users to fraudu6
lent and phishing sites. However, within a closed
and secure environment like a medical campus and
hospital, and with the use of reliable anti-virus and
internet security app, the QRC method can be good
and reliable alternative to PAP with little or no secu2,3
rity risk.

medical campus and hospital is feasible and should
be explored.
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Background: Little is known about the prevalence and nature of mobile application adoption in
clinical practice.
Aims: To explore current and potential mobile application use in primary care physicians (PCPs) for
stroke prevention. Do PCPs recommend, use, or discuss mobile health applications for stroke
preventative measures?
Methods: Current PCPs in the New York City area specializing in Internal Medicine, Ob/Gyn, and
Family Medicine were surveyed in person. The survey consisted of demographic questions and 11
questions on mobile application use.
Results: Of the 86 physicians surveyed (53% female; mean age 37 years, SD 12), 74% (95% CI 65%,
84%) reported using mobile applications in patient care, whether for their own use or in recommending
to patients. Experience was the most important determining factor, with 82% of physicians with less
than 3 years practice experience using mobile apps, 78% of physicians with 3 to 10 years, 60% of
physicians with 11 to 20 years, and 58% of physicians with greater than 20 years experience (p=0.045).
Physicians reported using mobile applications to manage stroke risk factors 25% (95% CI 16%, 35%)
of the time, while 77% (95% CI 68%, 86%) expressed interest in new apps to help their patients
manage these risks. Lastly, 41% (95% CI 30%, 51%) of physicians surveyed strongly agreed that
mobile applications are useful in providing patient care, while 49% (95% CI 38%, 59%) simply agreed
and 0% disagreed.
Conclusions: Most urban PCPs we surveyed believe that mobile applications belong in healthcare,
with one in four using them to manage stroke risk factors.
Keywords: Mobile Technology, Stroke, Prevention, Primary Care Physicians, Patient-Centered
Journal MTM 6:3:7–13, 2017
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Introduction

Stroke is the leading cause of preventable disabil1
ity in the United States . Each year, approximately
1
795,000 Americans suffer a stroke . Many of these
strokes are preventable. According to a case-control study of 6,000 individuals, 90% of strokes can
be attributed to just 10 modifiable risk factors, and
targeted interventions to reduce blood pressure and
cigarette smoking as well as to promote physical activity and healthy diet could substantially reduce the
2
risk of stroke . There are already many mobile applications that individually target each one of these
interventions, although not necessarily in the spe3
cific context of stroke prevention .
Healthcare related mobile technology has expanded
rapidly over the last several years. In 2015, there
were 165,000 medical and health related apps for
4
sale in the Google and Apple store , up from 40,000
5
in 2012 . However, little is known about the prevalence and nature of mobile application adoption
in patient centered clinical practice, let alone about
its effectiveness in changing healthcare outcomes.
While there are many mobile applications in fields
such as diabetes management, there are still usability
6
and integration issues among almost all of them . A
2014 study found 93 mobile application for iPhone
and Android regarding general stroke information,
although many of these were lacking scientifically
7
valid information .
There have been relatively few randomized controlled trials involving mobile applications, although
some have shown promise. A systematic review of
9 studies assessing mobile application effectiveness
in managing cardiovascular disease, lung disease, or
diabetes mellitus found 3 studies where a mobile application intervention showed a statistically signifi8
cant clinical improvement . Additionally, there has
been at least one quality improvement project studying mobile technology assistance in blood pressure
9
control for stroke survivors , although there have
been no large scale randomized control trials specifically involving stroke prevention. Mobile applications have the potential to change the healthcare
landscape, leading to improved outcomes while reducing cost. If mobile technology is going to be implemented in a meaningful way, it is imperative that
it be grounded in clinical evidence.
The current study is the first step in examining the
role that mobile technology plays in primary care
physicians’ (PCPs’) practices. The purpose of this
study is to examine the prevalence of PCPs using
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

mobile applications in patient care. More specifically, to study if and how PCPs use mobile applications for stroke prevention. Also, we evaluated
preferences and attitudes of PCPs toward the use
of mobile applications in their practices with specific focus in stroke management, and how these
preferences vary over physician and practice demographics. We hypothesize that younger physicians
practicing in wealthier areas are more likely to use
and recommend mobile applications.

Methods

Current PCPs in the New York City area specializing in Internal Medicine, Ob/Gyn, and Family Medicine were surveyed in person.
Participants: A convenience sample of 86 physicians
(46 females) ranging from 25 to 68 years of age participated in this study, which was approved by the
SUNY Downstate IRB. Participants were surveyed
in person and were identified at SUNY Downstate
grand rounds and the annual meeting of the New
York Academy of Family Physicians. The mean age
was 37 ± 12 SD. Forty one percent of the participants were attendings and the remaining 59% were
residents. Sixty (70%) were Family Medicine specialists, 14 (16%) were in Ob/Gyn, and 12 (14%) were in
Internal Medicine. These three specialties were selected because they provide the primary care lead in
general preventative care, and the study focus is on
actually managing stroke risk factors. Neurologists,
despite managing patients after stroke, do not generally provide the ongoing lead in preventative care
unless a patient has a separate neurological issue,
and so were excluded from the study.
Measures: The standardized survey consisted of
demographic questions and practice characteristics including gender, specialty, resident/attending,
type of practice (private independent, private partnership, community or university hospital), years
of experience (less than 3, 3 to 10, 11 to 20, greater
than 20), patients seen per month (less than 30, 30
to 100, greater than 100), median income of practice zip code as determined by census data (less than
$40,000 or greater than $40,000), and 11 questions
on mobile application use (table 1).
Data analysis: Fisher’s exact test was used to test
for association between demographic variables and
whether or not the physicians used mobile applications in any patient care setting. Cochran–Armitage
trend test was used to determine if higher levels of
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Percent of
Subjects (n)
Gender
Male
Female
Did not respond
Specialty
Family Medicine
Ob/Gyn
Internal Medicine
Did not respond
Position
Resident
Attending
Type of Practice
Private, solo
Private, group/partnership
Community or University
Hospital
Other
Age
24-29 years
30-39 years
40-68 years
Did not respond
Experience
<1-3 years
3-10 years
10-20 years
>20 years
Did not respond
Number of Patients Seen Per Month
0-30
30-100
100+
Did not respond
Median Income of Practice Zip
<$40,000
>$40,000
Did not respond

47% (40)
53% (45)
(1)
71% (60)
16% (14)
13% (11)
(1)
59% (51)
41% (35)
6% (5)
21% (18)
36% (31)
37% (32)
35% (30)
38% (32)
27% (23)
(1)
53% (45)
21% (18)
12% (10)
14% (12)
(1)
22% (18)
36% (30)
42% (35)
(3)
30% (24)
70% (55)
(7)

Table 1: Demographic Summary of Study Subjects

the ordinal predictors (age groups, experience and
volume of patients) were associated with higher
prevalence of mobile technology use. P values less
than 0.05 were considered significant. All participants answered the primary question on mobile application use in patient care. Missing data in other,
secondary questions were not factored into the analysis as we were not adequately powered for other
specific analyses. A sample size of 87 physicians was
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

determined to have 80% power to detect an odds
ratio of 0.4 for the relationship between age and the
use of mobile applications using a significance level
of 0.05. The odds ratio of 0.4 corresponds to a hypothesized effect of physician age on mobile application use. This odds ratio is based on an expected
30% use of mobile applications by physicians at age
50, compared to 15% for physicians at age 63. The
data were analyzed using SAS version 9.4 (SAS Institute Inc., Cary, N.C.)

Results

Of the 86 physicians surveyed, 74% reported using
mobile applications in patient care, whether for their
own use or in recommending to patients. Physicians
reported using mobile applications to manage stroke
risk factors 25% of the time, while 77% expressed
interest in new apps to help their patients manage
these risks. Forty one percent of physicians surveyed
strongly agreed that mobile applications are useful
in providing patient care, while 49% simply agreed
and 0% disagreed.
Table 2 shows the most important determining factor, with 82% of physicians with less than 3 years
practice experience using mobile apps, 78% of physicians with 3 to 10 years, 60% of physicians with 11
to 20 years, and 58% of physicians with greater than
20 years experience (p=0.045). Other demographic
factors, including median income of practice zip
code were not significant.
Age did not have an effect on whether or not physicians agree that mobile applications are useful in
providing patient care (p=0.27; table 3). Position,
type of practice, and volume of patients were not
associated with higher use of mobile technology use
(p=0.80, 0.49, 0.33, respectively).

Discussion

Previous studies have shown that there are a large
number of mobile applications available to patients
and physicians, particularly to manage stroke risk
3,4,6-8
factors
. This study builds on this knowledge in
an attempt to determine how physicians view mobile
application use in the primary care clinical setting,
particularly in stroke prevention. Our data revealed
that of a sampling of mostly urban PCPs, 74% are
already using mobile applications in clinical practice
and an even greater portion, 90%, believe that mobile
applications belong in patient care. Although PCPs
with more experience were less likely to use mobile
applications, the findings suggest a wide acceptance
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Question

Percent of All Subjects (n)

Have you ever used any mobile applications for any kind of patient care or intervention?
Yes
No
Have you ever discussed any mobile applications for any kind of primary stroke prevention (e.g. management of vascular risk factors) with your patients?
Yes
No
Did not respond
If yes, for which of the following: (check all that apply)
Weight management (diet, exercise tracking)
Smoking cessation
Medication adherence
Education (general information about stroke – prevalence, risk factors, prognosis)
Education specific information about patient’s current health status and how it relates
to stroke risk, such as blood pressure, lipid profile, and HbA1C
Other
Do you see stroke survivors in your practice?
Yes
No
Did not respond
Have you ever discussed any mobile applications for any kind of secondary stroke prevention with your patients?
Yes
No
Did not respond
If yes, for which of the following interventions: (check all that apply)
Medication adherence
Education (general information about stroke recurrence)
Vascular risk factors monitoring
Other
Would you be interested in having a mobile device application for any of the following:
(check all that apply)
Primary stroke prevention
Secondary stroke prevention
Neither
If yes, for which of the following interventions: (check all that apply)
Weight management (diet, exercise tracking)
Smoking cessation
Medication adherence
Education (general information about stroke – prevalence, vascular risk factors,
prognosis)
Other
“Mobile phone applications are useful in helping to provide patient care”
Strongly agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree
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74% (64)
26% (22)
26% (22)
69% (59)
(5)
21% (18)
9% (8)
14% (12)
12% (10)
7% (6)
3% (3)
84% (72)
9% (8)
(6)
17% (15)
70% (60)
(1)
15% (13)
13% (11)
13% (11)
2% (2)
77% (66)
60% (52)
14% (12)
57% (49)
58% (50)
59% (51)
56% (48)
3% (3)
41% (35)
49% (42)
10% (9)
0% (0)
0% (0)
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Table 2 (Continued)
Question

Percent of All Subjects (n)

If you are not interested in mobile health technology for any kind of patient care, what
is your reason? Check all that apply
Hardware functions and ease of use
Determining which app is best for you in your setting
Integrating app with your EHR
Confidentiality and privacy concerns
Unproven efficacy
Time limitations and using hardware during actual patient visit
Other

8% (7)
12% (10)
8% (7)
8% (7)
3% (3)
10% (9)
3% (3)

Table 2: Mobile Application Usage Responses

Have you ever used any mobile applications for any kind of patient care or intervention?
Position
Resident
Attending
Age
25-29
30-39
40-68
Type of Practice
Private, solo
Private, group/
partnership
Community or University
Hospital
Other
Experience
<1-3 years
3-10 years
10-20 years
>20 years
Number of Patients Seen
Per Month
0-30
30-100
100+
Median Income of Practice
Zip
<$40,000
>$40,000

Yes

No

73% (37)
77% (27)

27% (14)
23% (8)

80% (24)
75% (24)
65% (15)

20% (6)
25% (8)
35% (8)

60% (3)
78% (14)

40% (2)
22% (4)

68% (21)

32% (10)

81% (26)

19% (6)

82% (37)
78% (14)
60% (6)
58% (7)

18% (8)
22% (4)
40% (4)
42% (5)

67% (12)
73% (22)
80% (28)

33% (6)
27% (8)
20% (7)

75% (18)
75% (41)

25% (6)
25% (14)

P Value

0.80
0.27

0.49

0.05

0.33

1.0

Table 3: Usage of Mobile Applications in Patient Care by Demographics

across physician age groups and practice characteristics. Income of practice zip code was not a significant predictor in whether or not PCPs recommend
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

mobile applications to patients, and neither was PCP
age. Physician experience was potentially important,
with less experienced PCPs more likely to recommend
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mobile applications than their more experienced
colleagues. These findings suggest the adoption of
mobile application use in clinical practice will likely
continue to increase in the coming years.
Some physicians, 34% of the respondents, expressed
concerns over mobile technology use in healthcare.
These concerns included ease of use, confidentiality,
determining which app is best, time limitations, and integration with Electric Health Records (EHR). Some
of these concerns, such as determining which apps are
best, can be solved with further study. Confidentiality
and EHR integration issues are more complex but are
5
also potentially manageable in the future .
There was a major disparity between PCP-expressed
interest in mobile applications (76%) compared with
their actual use of mobile applications to manage
stroke risk factors (25%). This gap between interest
and use can be bridged by either the development of
new mobile applications specifically tailored to manage stroke risk factors or the development of a tool
to assist patients and physicians in selecting from
already existing mobile applications. The development of such a tool would likely require a systematic
method for determining which mobile applications
are effective in the patient care setting. Mobile applications that can assist in managing chronic risk
factors for stroke can then be identified, potentially
leading to an inexpensive and effective method for
reducing one of the largest causes of morbidity and
1,2
mortality in the United States .
There were several limitations to the study. First, the
sample size was one under the projected number, as
the data were collected from physicians in discrete
groups (grand rounds, etc.) rather than from individuals. Second the data were slightly skewed by specialty and position. We recruited a large percentage
of Family Medicine attendings because of the ease
of recruiting them at their annual meeting. Many
of the Ob/Gyn and Internal Medicine respondents
were residents because they were more likely to attend grand rounds and stay to fill out a survey. There
were few respondents from high income zip codes. We
acknowledge the potential lack of generalizability to
other specialties, including neurologists who may participate in stroke prevention but generally do not lead
and primarily manage this effort in their patients.

Conclusions

The majority of PCPs have either already adopted
mobile applications in their clinical practice or
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

believe that mobile applications belong in patient
care. However, the implementation of mobile applications specifically for stroke prevention purposes
is still limited. Concerns about mobile application use were limited to a small number of physicians and a significant number expressed interest
in a new application to manage stroke risk factors. There is PCP interest in a mobile application
specifically tailored to manage stroke risk factors
that patients and physicians can use together and
encompasses several aspects of stroke prevention.
Since many physicians are already using mobile
applications or support their use in patient care, it
is likely that mobile applications will have a place
in clinical practice in the future, and specifically in
stroke prevention.
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Background: A potential factor in adherence to use of mobile technologies is usability, yet this is
rarely examined.
Aims: This article examines the usability of a mobile application (“mCare”), provided to support
injured Service Members rehabilitating in their communities, and assesses how usability ratings
related to the users’ background characteristics and usage of mCare.
Methods: Data were from the intervention arm (n=95) of a 36-week, randomized controlled trial. Usability
was measured with the System Usability Scale (SUS) (n=41) and semi-structured interviews (n=49). The
analysis compared SUS scores by cohort characteristics, with t-tests and ANOVA. Interview responses
were coded for valence. Pearson correlations quantified the association between SUS scores and usage.
Results: Mean total SUS score was 78.0 [standard deviation (SD) = 21.1; ‘A’], usability sub-score was 76.7
(SD = 22.9; ‘A’), and learnability sub-score was 82.0 (SD = 25.0; ‘A+’). SUS scores differed by mobile device
type (p = 0.07) and living arrangement (p = 0.06). Participants with behavioral health problems, of older
age, were Warrant Officers, and/or had a specific wireless carrier rated mCare lower, though these findings
were not statistically significant. Interview responses provided insight into why SUS scores might have been
lower in some cases. Higher usage was associated with higher total SUS scores (r = 0.46, p = 0.004).
Conclusion: Overall, mCare was rated favorably. Higher usage was correlated with higher usability
scores. Providers planning to use mCare with patients should consider patient’s characteristics (e.g.,
type of mobile phone, living arrangement), as these could affect user experience.
Keywords: Mobile health, Telemedicine, Technology assessment, Utilization, Patient care management
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Introduction

In 2008, the United States Army Medical Department,
through the Telemedicine and Advanced Technology Research Center (TATRC), developed and tested
‘mCare’, a secure mobile application for providing care
management to wounded men and women in the military who were rehabilitating in their communities. The
mCare application facilitates and enhances contact
between the person rehabilitating in the community
and their case managers and other care team members.
It sends to the user’s phone: appointment reminders;
health and wellness tips; community resources and
administrative announcements; and questionnaires
on various aspects of the user’s well-being. It can also
transmit the user’s responses to questionnaires back to
their care team. The mCare application was developed
to support Service Members with mild traumatic brain
injury (mTBI) or post-traumatic stress (PTS) rehabilitating in the community, with the goal of eventually
expanding the application to support other care management use cases.
To assess the impact of mCare on users’ quality of
life and adherence to appointments and rehabilitation goals, the TATRC team conducted a randomized controlled trial (RCT) in which participants
were recruited and allocated to receive standard
care management or standard care management
plus mCare. As part of that trial, the TATRC team
assessed usability of the mCare application, as perceived among those randomized to receive it. This
article reports on the perceived usability of the application overall and how it relates to important
characteristics of the mCare cohort, namely behavioral health, mTBI and PTS status, technology (e.g.,
type of phone), environment (i.e., population size of
the participants’ community), and usage of the application. Although the TATRC team did not apply
2
an iterative user-centered design model per se, and
this is not a usability test performed in a laboratory
3,4
environment for the purpose of finding problems,
post-study usability evaluations such as this one
provide important information on the translation
and sustainment of new technologies into use outside of the scope of a study, from the perspective of
users who have become ‘experts’ on the technology
over time.

Methods
mCare application
The mCare application has been previously de1
scribed. In brief, it is a secure, bi-directional, application connected to a backend system that facilitates
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

contact between Service Members and their care
team members. The mCare application is remotely
activated on a user’s mobile device. The system uses
text messages to notify users when there is new information to view and respond to within the application.
This new information includes daily questionnaires,
appointment reminders, health tips, and administrative information. The backend system also provides
a secure website that tracks all data from the mobile
devices and generates escalation triggers (as needed)
to the care team. To access the new information, the
user has to enter their mCare personal identification
number, which is part of a secure two-factor authentication process that makes mCare unique from
most mobile health applications.
For the RCT, mCare sent a daily questionnaire,
three health and wellness tips per week, administrative announcements, and appointment reminders 24
hours before, 90 minutes before, and 24 hours after
each clinical encounter. The questionnaires covered
one functional topic area per day (General Status,
Pain Status, Energy and Sleep Status, Anger Management, Relationship Status, Transition Goal Status, and Mood Status) and each functional topic
was repeated weekly. The mCare application also
sent a Weight Status questionnaire once per month.
The mCare questionnaires can be modified for other
populations, as appropriate, making it a generalizable adjunct to standard care management for a variety of conditions.
Study Design
Injured Service Members newly assigned to four
participating Community-Based Warrior Transition
Units (CBWTUs) (now called Community Care
Units [CCUs]) were recruited to participate voluntarily in the RCT testing the efficacy and usability
of mCare (n=182). Among other things, eligibility
criteria included having a cell phone, proficiency in
the use of that cell phone, and demonstrated ability to send and receive text messages. The data for
this analysis are from the intervention arm (n=95).
Henceforth, this article refers to participants in the
intervention arm only.
The purpose of the CBTWUs was to help Service
Members rehabilitate in their home communities and
return to duty. If a participant’s assignment to one of
the four participating CBWTUs ended (referred to
as ‘out processed’), their time in the study concluded
early, because being at a CBWTU was a criterion for
study participation. In this study, Service Members
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left their CBWTU for the following reasons: ‘Release from Active Duty’ (n=28); ‘Separation’ (n=1);
or returned to a Military Treatment Facility (MTF)
(n=3). Release from Active Duty applied to soldiers
who were National Guard and Reservists and indicated that they were going back to their respective
units and returned to their reserve status, whatever
that was. Separation referred to when a soldier separated from the service because their pre-established
contract of service was complete and they had less
than 20 years of service.
Once enrolled, participants in the intervention arm
were given standard care management plus the
mCare application, with all of its aforementioned
features, and followed for up to 36 weeks. As part
of standard care management, the CBWTU case
managers contacted rehabilitating Service Members
weekly, via telephone, to schedule appointments
with medical specialists (which were individualized,
according to the Service Member’s needs), monitor
appointment attendance, assess progress toward
therapy goals, and provide emotional support. Also
as part of standard care management, Platoon Sergeants contacted the Service Members daily, by
telephone, to monitor and address any logistical obstacles the Service Member might have encountered
and consulted with other CBWTU staff members as
needed.
In addition to the daily mCare questionnaires, participants completed study-related questionnaires
about their well-being (i.e., quality of life, symptoms) and goals at baseline and every four weeks
until the study ended or they out processed. At the
end of their participation, participants were also
asked to complete the System Usability Scale (SUS).
Study-related surveys were administered through
®
the online system called Survey Monkey .
Additionally, participants were approached to complete semi-structured interviews about the usability
of mCare. The interviewees were kept anonymous
to the investigators by de-identifying the data in the
report.
Measures
Usability. The study examined participants’ perceptions of usability with the SUS and semi-structured
interviews.
The SUS was developed in 1986 and is a recognized
5
industry standard. It is technology independent,
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has been widely used in health and medical research
6
to assess the usability of hardware, consumer soft7
8
9
ware, websites, and cell phone technologies, and
provides consistent reliability even with small sam10
ple sizes. The SUS has 10 questions, with responses
ranging from strongly disagree to strongly agree
(coded from 1 to 5), and reversed coded as needed
so that all items had consistent scoring. The ten numerical scores are summed and multiplied by 2.5 to
obtain the overall SUS value, ranging from 0 to 100.
In addition to the overall SUS score, the SUS has
11,12
two sub-scores: usability and learnability.
Learnability is defined as a component of usability, and
is “the degree to which a product or system can be
used by specified users to achieve specified goals of
learning to use the product or system with effectiveness, efficiency, freedom from risk and satisfaction
in a specified context of use is the ease of which
a user can learn how to software tools” (ISO/IEC
25010:2011, Section 4.2.4.2). The overall SUS score,
usability sub-score, and learnability sub-score can be
used to determine a percentile ranking and a corresponding conventional letter grade (with the values
‘A’, ‘B’, ‘C’, ‘D’, ‘F’), based on published baseline
data for cell phone technologies.13 The letter grade
indicates how usable mCare is scored relative to
other cell-phone based tools and is straightforward
to interpret.
The semi-structured interviews were conducted by
the Sister Kenny Research Center (SKRC). The
interviews took place over the telephone and were
10-15 minutes in duration. SKRC transcribed the
interviews and analyzed the transcripts using qualitative analysis techniques. To assure quality of analysis, three team members coded three interviews
from mCare, compared their results, discussed differences, and reached consensus on rule-based coding criteria. Valence was assigned to each response
when applicable, representing the overall tone (i.e.,
positive vs. negative).
Behavioral Health, mTBI and PTS Status. Due to
the high rates of these problems among Service
Members returning from Iraq and Afghanistan, the
study sought to determine whether having a behavioral health problem, mTBI, or PTS was related to
perceptions of usability. In this cohort, the most
common behavioral health problems are depression
and anxiety. We grouped participants as follows: a)
no behavioral health problem, mTBI, or PTS; b) behavioral health problem(s) only; c) behavioral health
problem(s) plus mTBI and/or PTS; and d) mTBI and/
or PTS only. Because mTBI is not a behavioral health
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diagnosis and many of its symptoms are similar to
those for PTS, mTBI and PTS were grouped together.
Technological and Environmental Characteristics.
The study collected data on several technology and
environmental factors that could potentially affect
the participants’ experience of mCare, namely the
type of phone model they had (iPhone, Android,
other), wireless carrier/service provider (AT&T,
Sprint, T-Mobile, Verizon), and population size of
the town in which the participant lived. For population size, the analysis grouped participant according
to whether their town was a) at or below the median
population size for the sample or b) above the median population size for the sample. Population size
was considered a proxy for wireless service coverage.
Usage Measures. The mCare system automatically
collects data on the date and time of when a questionnaire or an appointment reminder was sent successfully, if/when it synced with a participant’s mobile
phone, and if/when the participant responded. Using
this information, the study team created five measures
to characterize usage: 1) the total number of questionnaires successfully sent to the participant; 2) the total
number of appointment reminders successfully sent
to the participant; 3) the percentage of questionnaires
that synced with the participant’s mobile phone; 4) the
percentage of appointment reminders that synced with
the participant’s mobile phone; and 5) the percentage
of successfully synced daily mCare questionnaires that
the participant responded to. A ‘sync’ occurred when
the user logged into the mCare application, which initiated an automatic information exchange that made
current content available on the user’s phone. Responding to the questionnaires required more effort on the
part of the participant than other features of mCare.
Other Background Characteristics. The analysis
included age (years, >/= 18), gender, marital status (single, married, divorced), living arrangement
(alone, with a spouse or partner, or ‘other’, meaning with friends or family), military rank (Enlisted,
Warrant Officer, Officer), CBWTU site (in Alabama
[AL], Virginia [VA], Illinois [IL], or Florida [FL]),
and number of weeks enrolled in the study. Educational attainment was not collected in this study;
however, a minimum of a high school diploma is required to enlist in the United States military.
Analysis
First, the analysis summarized the background, technological, environmental and usage characteristics of
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

the sample and tested for differences between participants who completed the SUS and those who did not,
using t-tests and Fisher’s Exact Test. Second, the analysis calculated the total SUS score and the usability
and learnability sub-scores for the study participants
overall (of those who responded to the SUS) and then
by key participant characteristics. Background characteristics that differed between those who completed
the SUS and those who did not were included in
the usability assessment as well. The analyses tested
for group differences in SUS scores using Analysis
of Variance (ANOVA) or t-tests. Third, from the
semi-structured interviews, the analysis examined the
frequency (and percentage) of the valence (i.e., positive, negative, neutral) of each question pertinent to
general mCare usage. Fourth, the analysis calculated
Pearson correlations coefficients to determine the bivariate associations between usability and usage.
Ethics Statement
The study protocol was reviewed by the Institutional
Review Board in the Department of Clinical Investigation at Walter Reed National Military Medical Center.

Results

The average age of the study participants in the mCare
arm at time of enrollment was 38 years (Table 1). Most
participants were male (84.2%), married (60%), living
with a spouse or partner (61.1%), and had the rank
of ‘Enlisted’ (87.4%). Almost 51% of participants
had Android phones, and 35.8% had iPhones. AT&T
was the more widely used service provider (37.9%),
followed by Verizon (33.3%). The population size of
the towns participants resided in ranged from 682 to
420,003 residents. In the intervention arm, 79% lived
in or near towns below the median population size.
Forty-two percent had no behavioral health problems, TBI, or PTS, 23.2% had a behavioral health
problem only, and the remainder had mTBI and/or
PTS with or without a behavioral health diagnosis
also. Participants synced/retrieved 86.5% and 93.1%
of daily questionnaires and appointment reminders
sent during the active intervention, respectively, and
responded to 60.3% of the questionnaires synced.
Forty-one (43.2%) of the mCare participants completed the SUS. Those who completed the SUS
differed from those who did not in that they were
older (p = 0.02), synced/retrieved more appointment reminders (p = 0.06), and responded to more
questionnaires (p = 0.003) on average. Also, higher
percentages of participants who lived with a spouse/
partner (p = 0.07), were of higher rank (p = 0.05),
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All
Participants
Variable
Years of age at in-processing, mean (SD)
Gender, n (%)
Male
Female
Marital Status, n (%)
Single
Married
Divorced
Living arrangement, n (%)
Alone
With spouse/partner
Other
Rank, n (%)
Enlisted
Warrant Officer
Officer
CBTWU Site, n (%)
AL
IL
FL
VA
Population size of town nearest to participant, n (%)
Below or at median (682 - 23835 residents)
Above median (>23835 - 420003 residents)
Mobile phone operating system, n (%)
Android
iPhone
Other
Mobile phone service provider, n (%)
AT&T
Sprint
T-Mobile
Verizon
Behavioral Health, mTBI and PTS status, n (%)
No behavioral health problem, mTBI, or PTS
Behavioral health problem only
Behavioral health problem plus mTBI and/or PTS
mTBI and/or PTS only
Number of weeks enrolled in the study, mean (SD)
Total mCare questionnaires sent to the participant, mean (SD)*
Total appointment reminders sent to the participant,
mean (SD)*
Total percentage of questionnaires synced, mean (SD)*
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(n=95)

SUS Questionnaire
Completed Not Completed
(n=41)
(n=54)
P Value

38.0 (10.5)

40.9 (9.7)

35.7 (10.7)

0.02

80 (84.2)
15 (15.8)

34 (42.5)
7 (46.7)

46 (57.5)
8 (53.3)

0.78

31 (32.6)
57 (60.0)
7 (7.4)

10 (32.3)
28 (49.1)
3 (42.9)

21 (67.7)
29 (50.9)
4 (57.1)

0.39

13 (13.7)
58 (61.1)
24 (25.3)

5 (38.5)
30 (51.7)
6 (25.0)

8 (61.5)
28 (48.3)
18 (75.0)

0.07

83 (87.4)
3 (3.2)
9 (9.5)

32 (38.6)
2 (66.7)
7 (77.8)

51 (61.4)
1 (33.3)
2 (22.2)

0.05

27 (28.4)
28 (29.5)
29 (30.5)
11 (11.6)

14 (51.9)
12 (42.9)
13 (44.8)
2 (18.2)

13 (48.1)
16 (57.1 )
16 (55.2)
9 (81.8)

0.31

75 (79.0)
20 (21.1)

24 (32.0)
17 (85.0)

51 (68.0)
3 (15.0)

<0.0001

48 (50.5)
34 (35.8)
13 (13.7)

21 (43.8)
16 (47.1)
4 (30.8)

27 (56.3)
18 (52.9)
9 (69.2)

0.60

36 (37.9)
22 (23.2)
5 (5.3)
32 (33.7)

17 (47.2)
9 (40.9)
2 (40.0)
13 (40.6)

19 (52.8)
13 (59.1)
3 (60.0)
19 (59.4)

0.95

40 (42.1)
21 (52.5)
22 (23.2)
9 (40.9)
24 (25.3)
8 (33.3)
9 (9.5)
3 (33.3)
31.5 (7.8) 31.5 (8.7)
221.8 (56.4) 220.9 (61.2)

19 (47.5)
13 (59.1)
16 (66.7)
6 (66.7)
31.6 (7.2)
222.4 (53.1)

0.45

72.3 (78.3) 77.1 (74.3)
86.5 (24.8) 95.2 (13.1)

68.6 (81.6)
79.9 (29.3)

0.60
0.003
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Table 1 (Continued)
All
Participants
(n=95)

Variable
Total percentage of appointment reminders synced, mean (SD)*
Total percentage of mCare questionnaires responded to
during study, mean (SD)*

93.1 (19.3)

SUS Questionnaire
Completed Not Completed
(n=41)
(n=54)
P Value
97.4 (8.5)

89.8 (24.3)

0.06

60.3 (29.4) 66.8 (27.9)

55.3 (30.5)

0.06

Row percentages are shown for comparison of those who completed the SUS versus those who did not. These percentages sum to 100.
SD represents standard deviation.
P values are for examination of differences between participants who responded to the SUS and those who did not. Fishers Exact Test was used for categorical
variables and t-tests were used for examination of means.
*Includes weeks when participants were out processing.

Table 1: Characteristics of the mCare Participants, Overall and Whether They Completed the SUS Questionnaire

and lived in more populated towns (p < 0.0001)
completed the SUS than did not.

The mCare application received high marks for
the total SUS score. Mean total SUS score was 78
[standard deviation (SD) = 21.2], for a letter grade
of ‘A’, mean usability sub-score was 76.7 (SD =
22.9), for a letter grade of ‘A’, and mean learnability
sub-score was 82.0 (SD = 25.0), for a letter grade
of ‘A+’ (Table 2). Participants with a behavioral
health problem only gave mCare lower marks (‘C+’
for both total score and usability sub-score, and ‘B-’
for learnability sub-score), whereasparticipants with
no behavioral health problem, mTBI, or PTS gave
mCare an ‘A+’ for all domains. Although seemingly
large, the differences in SUS scores by behavioral
health, mTBI or PTS status were not statistically
significant. Similarly, differences in SUS scores appeared to differ across the age groups and by rank,
but the differences were not statistically significant.
Participants living with a spouse or partner gave
mCare ratings of ‘A+’ across all domains, whereas
participants in ‘other’ living arrangements gave
mCare a ‘C’ for the total scale and a ‘D’ for the usability sub-score (p = 0.06).
With respect to technology and environmental
measures, participants who used wireless carriers
other than AT&T rated mCare as an ‘A-’ or better on all domains. Participants with AT&T gave
mCare a ‘B+’ for total the total score, a ‘B’ for the
usability sub-score, and an ‘A+’ for learnability. For
phone type, mCare again received letter grades of
‘A’ or better, except from iPhone users, who gave
mCare a ‘B’ for total score and ‘C+’ for usability
sub-score (p = 0.07).
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Forty-nine of the 95 (51.6%) mCare participants
completed semi-structured interviews. For all questions, the percentage of positive responses was
greater than the percentage of negative and neutral
responses combined. The question with the most
favorable response (91.8% positive) was about how
mCare facilitated communication with the care team
(Table 3). The questions with the least favorable responses were about reporting pain (22.4% negative
or neutral, with 85.7% of interviewees saying pain
had been a concern during the study) and the Appointments/Reminder feature (22.4% negative or
neutral). In response to the question about communication, one interviewee said: “I think it was a good
program actually, the way you can put everything in
your phone… One thing I didn’t like, the program is a
little slow. If you want to load up five or six appointments at a time because you have a lot of appointments, it always seemed like it took a lot….” For the
pain question, the greater negative/neutral responses
were more about usefulness than usability per se.
One interviewee said, “If I told you that at noon my
pain was three and then at one pm it was seven and
then at five pm it went back to three…. and it was
awful when I woke up, what would you do about it?”
The correlation coefficients show that completion
of more of the daily questionnaires was associated
with higher total SUS scores (r = 0.46, p = 0.004),
higher usability sub-scores (r = 0.44, p = 0.006), and
higher learnability sub-scores (r = 0.36, p = 0.021)
(Table 4).

Discussion

Overall, results from the SUS and semi-structured
interviews indicate that users generally rated the
VOL. 6

ISSUE 3

DECEMBER 2017 19

Original Article
Characteristic

Mean (SD) Scores, n
Total SUS

All participants who responded 78.0 (21.2), 38
to SUS
Age group
< 30 years
80.0 (18.1), 5
30 - 39 years
80.6 (18.3), 9
40 - 49 years
77.7 (24.8), 15
>/= 50 years
74.7 (21.9), 9
F statistic (df), p-value
0.12 (37), 0.94
Living arrangement
Alone
71.5 (17.5), 5
With spouse/partner
82.0 (20.7), 27
Other
65.0 (22.7), 6
F statistic (df), p-value
2.20 (37), 0.13
Rank
Enlisted
77.2 (21.1), 29
Warrant Officer
67.5 (46.0), 2
Officer
84.3 (15.6), 7
F statistic (df), p-value
0.56 (37), 0.57
Behavioral Health, mTBI, and PTS status
No behavioral health
82.1 (20.0), 21
problem, mTBI, or PTS
Behavioral health problem
68.4 (16.7), 8
only
Behavioral health problem
75.4 (31.2), 6
plus mTBI and/or PTS
mTBI and/or PTS only
79.2 (18.1), 3
F statistic (df), p-value
0.83 (37), 0.49
Carrier
AT&T
73.8 (22.1), 16
Sprint
78.4 (30.0), 8
T-Mobile
91.3 (1.8), 2
Verizon
81.0 (14.3), 12
F statistic (df), p-value
0.54 (37), 0.66
Phone Type
Android
79.7 (21.8), 19
iPhone
71.3 (21.1), 15
Other
94.4 (4.3), 4
F statistic (df), p-value
2.20 (37), 0.13
Population Size
Below or at median
79.6 (17.5), 23
Above median
75.5 (26.4), 15
t statistic (df), p-value
0.57 (37), 0.57

Usability

Letter Grade
Learnability

Total SUS Usability Learnability

76.7 (22.9), 38 82.0 (25.0), 41

A

A

A+

75.6 (21.4), 5
78.1 (20.0), 9
77.5 (25.6), 15
74.3 (25.3), 9
0.05 (37), 0.98

92.9 (9.8), 7
90.3 (21.4), 9
75.8 (32.7), 16
76.4 (17.1), 9
1.28 (40), 0.30

A+
A+
A
A-

AA
A
B+

A+
A+
AA

70.6 (24.5), 5
81.6 (20.8), 27
59.4 (25.2), 6
2.90 (37), 0.06

75.0 (19.8), 5
82.1 (27.4), 30
87.5 (15.8), 6
0.70 (40), 0.50

B
A+
C

B
A+
D

AA+
A+

76.3 (22.7), 29
64.1 (50.8), 2
81.7 (18.0), 7
0.46 (37), 0.63

79.3 (26.9), 32
81.3 (26.5), 2
94.6 (9.8), 7
1.1 (40), 0.35

A
C+
A+

AC
A+

A
A+
A+

80.4 (23.5), 21 89.3 (17.4), 21

A+

A+

A+

68.4 (15.3), 8

69.4 (33.1), 9

C+

C+

B-

72.9 (32.2), 6

79.7 (30.6), 8

A-

B+

A+

80.2 (17.2), 3 75.0 (21.7), 3
0.59 (37), 0.63 1.51 (40), 0.23

A

A+

A-

71.5 (24.9), 16
77.4 (30.4), 8
95.3 (6.6), 2
80.0 (14.5), 12
0.79 (37), 0.51

82.4 (26.5), 17
77.8 (33.5), 9
75.0 (35.4), 2
85.6 (16.0), 13
0.21 (40), 0.89

B+
A
A+
A+

B
A
A+
A+

A+
A
AA+

79.3 (22.5), 19
68.1 (23.1), 15
96.1 (4.7), 4
2.87(37), 0.07

79.8 (25.5), 21
83.6 (25.7), 16
87.5 (25.0), 4
0.20 (40), 0.82

A+
B
A+

A
C+
A+

A+
A+
A+

78.0 (19.3), 23 85.4 (23.8), 24
74.6 (28.1), 15 77.2 (26.6), 17
0.44 (37), 0.33 1.04 (40), 0.31

A
A-

A
A-

A+
A

SD = standard deviation
Due to incomplete surveys for some participants, the sample sizes vary from the total number of people who completed at least some questions. Additionally,
the sample sizes vary for the domains for the same reason.
To make relative judgements of mCare’s SUS scores, as compared with normative data of cell phone applications’ usability, the Sauro and Lewis method for converting
the raw SUS scores to percentile ranks and letter grades was used. The letter grad is shown. Statistically significant (at < 0.10) F and t statistics are underlined.

Table 2: SUS Scores by Selected Participant Characteristics
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Question

Valence, n (% of total n = 49)
Positive

1
2
3
4
5
6
7

In general, what do you think about the communication between you and
the CBWTU?
In general, do you think mCare played a role in your recovery, CBWTU
experience, and transition back to civilian life?
What are your thoughts about the extent to which mCare impacted the care
that you received at the CBWTU?
What do you think about a mobile application (such as mCare) that would
allow you to record your pain at the times you experience pain?
Do you think this kind of reporting would provide your CBWTU care team
with a better report of what’s going on with you?
What are your impressions of the Health and Wellness Tips and resources
announcements that you received through mCare?
What are your impressions of the mCare’s My Appointments/Reminder
feature?

Negative Neutral

45 (91.8)

2 (4.1)

2 (4.1)

40 (81.6)

8 (16.3)

1 (2.0)

39 (79.6)

6 (12.2)

4 (8.2)

38 (77.6)

8 (16.3)

3 (6.1)

39 (79.6)

6 (12.2)

4 (8.2)

44 (89.8)

3 (6.1)

2 (4.1)

38 (77.6)

6 (12.2)

5 (10.2)

Questions pertaining to two features unique to the military system were excluded.

Table 3: Valence Ratings of mCare Participants’ Responses to Usability Questions in Semi-Structured Interviews

SUS Score

Total SUS Score

Usability Subscore

Learnability Subscore

Total mCare
Questionnaires
Sent

Total
Appointment
Reminders Sent

Percentage
of mCare
Questionnaires
that Successfully
Synced

Percentage of
Appointment
Reminders
Successfully
Synced

Percentage
of All mCare
Questionnaires
Participant
Responded to

r = 0.01
p = 0.947
n = 38
r = 0.00
p = 0.989
n = 38
r = 0.01
p = 0.944
n = 41

r = 0.05
p = 0.786
n = 38
r = 0.05
p = 0.785
n = 38
r = 0.07
p = 0.653
n = 41

r = 0.06
p = 0.718
n = 38
r = 0.08
p = 0.654
n = 38
r = -0.034
p = 0.825
n = 41

r = 0.06
p = 0.740
n = 38
r = 0.070
p = 0.676
n = 38
r = -0.03
p = 0.837
n = 41

r = 0.46
p = 0.004
n = 38
r = 0.44
p = 0.006
n = 38
r = 0.36
p = 0.021
n = 41

Pearson correlations are shown.
r = the correlation coefficent.
p = the p-value for the test statistics.
n = the number of participants.
Statistically significant correlation coefficients are underlined.

Table 4: Correlations among Usability and Usage Measures

mCare application favorably. The heterogeneity of
the cohort served in the mCare RCT warranted analysis of whether and how certain social groups rated
the mCare application. This type of analysis is about
the ‘fit’ between a person and the technology, and
can help guide a provider in determining who would
benefit from using a particular technology to support
their self-care.
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Previous research shows that information technologies, such as the Internet, phones, and social
media, can improve patient adherence, information
exchange between providers and patients, and out14
comes. With respect to mobile phones specifically,
one meta-analysis of 16 studies showed that mobile
phone text messaging led to a significant increase in
15
medication adherence, and a systematic review of
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seven interventions for cardiovascular disease management found mobile phone applications effective
in increasing medication adherence and physical ac16
tivity. Likewise, a pilot study of mCare found an
17
increase in adherence to health care appointments.
Many health care providers recognize that, despite
how necessary self-care is, it is not necessarily the
highest priority of their patients, and/or patients have
competing priorities. The mCare team hypothesized
that a more satisfying user experience would lead
to consistent and sustained usage. Yet Sawesi and
colleagues’ systematic review found that only about
one-third of the 170 studies examined addressed us14
ability. The results of this analysis support that hypothesis, showing that higher participant response
to the daily questionnaires – the most intensive aspect of the mCare application – was statistically associated with higher ratings of usability. A previous
analysis of mCare found that patient engagement
was high (participants responded to over 60% of the
daily questionnaires) throughout the 36 weeks of
1
the intervention as well. The present analysis, however, cannot clarify how much usability drives usage
and how much usage drives perceptions of usability.
Moreover, this examination showed that ratings of
usability were lower among participants who used an
iPhone. Perceptions of usability according to phone
type is important because the study was designed on
a bring-your-own-device (BYOD) model, which is
consistent with what is likely to happen when health
care providers offer patients mobile applications such
as mCare. The study team had to make mCare compatible with over 400 different phone models and
available on all four major United States (US) cellular service providers in 2008. This meant designing
mCare with the limitations of certain phone makes
and models in mind, and because iPhone historically
led the trend toward mobile applications and is known
for its attention to user experience, it is not surprising
that mCare did not meet their expectations.
Usability ratings were also lower among participants
who used AT&T as their carrier (though not statistically significant). Although AT&T is the second largest United States network, at the time of the RCT,
coverage maps from OpenSignal (http://opensignal.
com/) show that the density of its tower locations is
less than that of the other networks in the areas where
the study participants were located, and its 3G download speed was slower than that of its competitors
18
(e.g., 2.4 Mbps versus 4.7 Mbps for T-Mobile). This
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

could have meant more difficulty for the user to sync
with mCare to obtain the information being sent to
them, particularly the links to the questionnaires. As of
2017, however, the situation is different, with convergence occurring in the user interface and functionality
of mobile phones, despite brand, as well substantial
growth in cellular coverage and download speeds.
Usability ratings were also lower among participants
who lived alone or in a setting other than with a
spouse/partner. A possible explanation could be the
interaction of age and living arrangement. That is,
although there were not statistically different usability ratings across age groups, perhaps the intersection
of age and living arrangement is important. Study
participants who did not live with a spouse/partner
tended to be younger in this study (i.e., 42.9% of the
participants who had ‘other’ living arrangement were
in their 20s, compared with 0% of participants who
lived alone and 19.0% of participants who lived with
a spouse/partner), and study participants who lived
alone tended to be older (40.0% of the participants
who lived alone were older than 50 years, compared
with 19.0% who lived with a spouse/partner and 28.6%
who lived in ‘other’ arrangements). Research suggests
the age groups differ in terms of their expectations of
mobile phones and applications, with younger cohorts
19,20
tending to have higher expectations.
Alternatively,
it might have been the case that not having a significant
other to assist with mCare affected perceptions of usability in this cohort of injured Service Members. The
study design cannot address these questions directly
because the number of participants in sub-groups is
too small, so they are opportunities for future research.
The results showed that usability scores were lowest
for participants who had a behavioral health problem. Behavioral health problems included anxiety
and depression. A literature review spanning three
decades concluded that patients with depression and/
or anxiety are less likely to be compliant and therefore
21
have poorer outcomes. Although the differences are
not statistically significant, the variation in the usability scores could be the effect of patients with behavioral health problems seeing overall poor outcomes
attributing these outcomes to the mCare system. By
contrast, the results for participants with mTBI and/
or PTS are consistent with a previous study showing
that people who have had a trauma are receptive to the
22
use of mobile tools for helping to track symptoms.
A limitation of this study is that 43.2 percent of the
participants who received mCare completed the SUS
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at the time of their exit from the study. Participants
in the standard care management group had a similar rate of missing for study questionnaires, which
suggests that dissatisfaction with mCare was not
necessarily the reason for non-response on the SUS.
The analysis attempted to account for non-response
on the SUS by testing for differences in background
characteristics between those who completed the SUS
versus those who did not, and then looking for associations between salient background characteristics
and usability. The analysis found that those who completed the SUS were older and tended to be living with
a spouse/partner. As noted above, living arrangement
was associated with usability ratings as well. All other
background characteristics were similar between
those who completed the SUS and those who did not,
suggesting that the observations about usability are
generalizable to the rest of the study sample.
When the mCare study was launched, data plans
were not as available and inexpensive as they are in
2017. On one hand, the cost of using mCare was
potentially a concern among Service Members with
limited economic resources, had limited data plans
and/or could not afford overages, and not including
these Service Members could have resulted in bias.
On the other hand, offering high stipends can unintentionally result in a different kind of bias and also
be coercive. The study tried to balance these issues
by offsetting the costs of mCare for the participant
by providing participants with a subsidy for their
cellular service plans in the amount of $50 a month
for unlimited data and voice, which was in alignment
with the cost of that level of service on all service
providers. The current cellular service market allows
for much higher levels of cellular usage and smart
phone adoption than at this study was conducted.

Conclusion

This evaluation of the mCare application for injured Service Members rehabilitating in their communities found it to be usable and easy to learn.
Further, relative to the large database of SUS scores
for mobile tools that was used to develop the letter
grades scheme for interpreting individual scores,
mCare tends to score high marks. Type of phone,
living arrangement, and amount of usage of the
application relate to usability scores. Although not
statistically significant, usability was rated lower by
people with behavioral health problems, those who
were older, and/or had AT&T as their carrier. These
things should be considered in determining patients
who would benefit from using mCare in the future.
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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Background: In production environments, a countdown timer is used to report the status of the planned
1
start time and to provide both a communication mechanism and an accountability aid. It has been used
in the airline industry to remind all personnel of the remaining time until when the aircraft door should
be closed. This study explored the effectiveness of a countdown timer in the operating room (OR).
Aims: This study was designed to assess the effectiveness of a countdown timer in the OR setting and
to determine the factors that contribute to prolonged OR turnover time (TOT) (defined to be from
the “procedure finish” time of the preceding case to the “procedure start” time of the following case),
as well as the impact each of the significant factors has on TOT. In this study, the term case denotes
a surgical procedure.
Method: An Android app named ORTimer was developed for the study. The app was installed on
Android tablets that were placed at the Certified Registered Nurse Anesthetist (CRNA) workstations
in the OR at Greenville Memorial Hospital (GMH) in South Carolina. The CRNAs helped collect
the event milestones and record the delay reasons (if applicable). Additional OR case information was
extracted from GMH’s electronic medical record. Regression analysis was used to identify significant
factors that contribute to prolonged OR TOT and to estimate their impacts. A t-test was conducted
to test the hypothesis that the use of a countdown timer is effective in an OR environment.
Results: The data from a total of 232 cases where the ORTimer app was used were examined. Among the
factors (i.e., delay reasons and case information) considered, an outpatient from a following case had
the highest correlation with excessive room idle time, which is the difference between the actual TOT
and the allotted TOT. Delays due to patient-related issues added about 12.7 minutes to the turnover
time (90% CI: 7.2, 18.3) when other factors were fixed. Delays due to preoperative-related issues added
about 27.4 minutes to the turnover time (90% CI: 20.0, 34.7) when other factors were fixed.
1

Conclusions: As is the case with most production environments, the use of a visual management
tool such as the countdown timer in the OR is found to be effective. Additional research is needed to
determine whether this finding is applicable to other hospitals.
Keywords: Information Technology (IT) intervention, operating room efficiency, operating room
process improvement.
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Introduction

In this paper, we study the effectiveness of a countdown timer, delivered via a mobile application, in
reducing turnover time in the operating room (OR),
as well as its ability to identify factors that most influence prolonged turnover time. Before discussing
the technology of the timer, we first introduce the
relationship between cost and efficiency in the OR,
and the effect that turnover time has on each.
An OR is a very costly unit for a hospital to operate. For example, it is estimated that the cost of
operating an OR at Ohio State University Medical
2
Center is $1,200 to $1,300 per hour. Furthermore,
the opportunity cost of unused OR time is much
2
higher than the operating cost of the OR. In a recent study, the variable OR labor (non-supply) cost
was found to be $9.57 per minute at the partnering
hospital, Greenville Memorial Hospital (GMH),
3
for fiscal year 2015. These costs include salary and
benefits for all OR staff and CRNAs. This cost also
includes temporary employee pay and all premium
(overtime) pay. It is important to note that expenses
related to the anesthesiologists and surgeons are not
included in this figure.
Given that staffing the OR is a key operating cost, it
is critical to make the most efficient use of the time
that an OR is in use. In other words, non-operative
time such as turnover time should be kept to a minimum. Turnover time (TOT) is generally defined as
the time from a patient leaving the OR to the follow4
ing patient arriving in the OR (e.g., ), but some facilities measure TOT from “procedure finish” time of
the preceding case to “procedure start” time of the
following case. We adopted the latter approach as it
is currently defined that way for other improvement
initiatives within GMH. If TOT can be decreased,
then one would expect an increase in throughput in
the OR, which will help to improve the hospital’s fi5–7
nancial condition.
The length of TOT is seen as
4
a measure of OR efficiency and a source of delays
8
in starting procedures. Reducing TOT length will
9
not only reduce overtime in the OR but also help
increase patient satisfaction by increasing timeliness
10
of procedure start times.
Lean management principles are being used increasingly in the surgical suite to improve performance
9
(e.g., ); lean management is a systematic method
designed to minimize waste without sacrificing productivity. One principle of lean management is involvement of all who are involved in a process in
making process improvements. This principle was
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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11

implemented by Collar et al. , Harders et al. , and
12
Cendan and Good through the use of interdisciplinary teams to reduce OR TOT. To do so, they
emphasized interdisciplinary cooperation between
different members of the surgical team such as surgeons and anesthesiologists. A significant conclu9
sion of Collar et al. is that turnover inefficiency is
due to systemic issues and not a lack of motivation.
Visual management is an important tool in lean
13
management. It is, for example, used in the airline
industry by visually displaying a timer to facilitate
plane turnaround time. This study created a countdown timer using a mobile app to measure OR
TOT. The app was both a visual management tool
as well as a data collection tool. This study evaluated
the following: (i) the effectiveness of the use of the
countdown timer in the OR setting, (ii) the factors
that contributed to prolonged OR TOT, and (iii) the
impact of each delay factor on OR TOT. To evaluate
the effectiveness of the countdown timer, we tested
the null hypothesis that there is no difference in the
mean TOT between the cases that used the timer
and those that did not. The alternative hypothesis is
that the TOT in cases that used the timer is less than
those that did not use the timer.

Method
Mobile Application Development
We designed a mobile application named ORTimer
for this study. This mobile app was designed to be
used on Android-based handheld tablets. We used
the standard Android Software Development Toolkit
and did not need any third-party libraries because of
the relative simplicity of the app. We developed the
app using the Android platform after having successfully developed and tested other Android apps for
14
health care applications. The app design was initiated by a request from GMH for a simple “egg timer”
application that would be used to time the duration
of the OR turnover. Our design process consisted of
multiple design-implement-review iterations: we design and implement a version of the application, get
feedback from various parties, and repeat. Starting
with the “egg timer” request, we first designed a simple timer application with a start and stop button. We
presented this original prototype to the nursing staff
who expressed the need for other buttons that would
modify the times after they had been entered. In our
design meetings, we decided that the best way to implement that functionality was with the up/down arrows seen in the application. A second iteration of this
process led us to add the Notes button functionality.
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The application was designed and implemented entirely by the authors with cooperation from GMH
staff; no outside consultants were involved in the design and implementation process.
Figure 1 shows screenshots of the different functions
of the app. Figures 1(a) and 1(b) show the timer itself.
Figure 1(b) shows the timer after it has been started.
The application will spend most of its time on this
screen as it displays the countdown timer. The “Procedure Finish” button at the top-left of the screen
starts the timer. The “Procedure Start” button stops
the timer. The up and down arrow buttons let the user
change the recorded start and stop times after the
timer has been stopped. There is a “Notes” button at
the bottom which brings up the Notes screen, shown
in Figure 1(c), a “Submit” button which saves the results of the timed event and restarts the timer, and a
“Reset” button which simply restarts the timer, throwing away the current timer values. The remaining time
and the total allotted time are shown in a large font in
the middle of the timer. The timer bar counts down

the remaining time and is green at first, turns to yellow
when less than 20% of the time remains, and finally to
red after the deadline has passed. Figure 1(c) shows
the Notes screen which asks the user to enter the reason(s) for a delay. It contains a list of the most common reasons so the user can check the ones that apply.
The user also has the choice of entering a textual note
explaining the reason for the delay in case none of the
pre-defined reasons apply. The list of most common
reasons was determined from both expert opinion and
feedback from the textual notes entered by the CRNAs
during development testing. Figure 1(d) shows the
“Settings” screen where turnover time can be defined
(presented as procedure finish to procedure start time)
and a room chosen. This screen is reached via a menu
that appears when the user taps on the button at the
top-right (the three dots). This menu also contains an
“Email data” option which lets the user send all the
data that the app has gathered to our research staff as
a CSV file attachment. The email functionality, as well
as the “Settings” page, requires a password to prevent
unauthorized users from viewing the data.

(a)

(b)

(c)

(d)

Figure 1: Screenshots of the ORTimer Mobile Application
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Data Collection
The ORTimer app was implemented in the D-core (an
operating ward) of GMH from May 1, 2016 to August
15, 2016. This core has 8 rooms, and the types of cases
varied from simple to complex. The D-core was known
to have complicated setups, i.e., the TOT between cases
was likely to be larger than for the other two cores due
to the nature of the cases scheduled in those rooms.
The tablets with the ORTimer app installed were
placed above the computer at the anesthesia workstation using off-the-shelf tablet mounting hardware. The
Certified Registered Nurse Anesthetist (CRNA) was
responsible for the pressing of the event milestone buttons and recording of the delay reasons, if applicable.
To minimize the CRNAs’ workload, the tablets and
ORTimer apps were automatically turned on at the beginning of the day using a third-party software. This
approach made it easier for the CRNAs to remember
to use the app and facilitated the data collection effort.
Perioperative services (POS) are performed in three
phases: preoperative (Preop), intraoperative and
postoperative. The Preop process involves scheduling procedures in an OR and preparing the patient
before and on the day of the procedure. The intraoperative process involves the surgical procedure to
be performed by a surgeon with support from POS
staff. The postoperative process involves scheduling
recovery rooms for the patients and providing the
appropriate level of nursing care and supplies until
the patient is discharged or transferred from POS to
the appropriate nursing unit in the hospital.
Table 1 lists all the delay reasons, related to OR turnover, collected by the app. To record the delay reason(s), the CRNAs first had to record the primary
reason (i.e., patient, OR equipment, anesthesia,
surgeon, Preop, and scheduled gap) for the delay.
Types
Primary

If desired, the CRNAs could also select s econdary
reasons to provide more information about the

delay cause. Also, more than one primary and secondary reason can be selected for one delay if multiple reasons contributed to the excess turnover time.
Additionally, the app collected the elapsed TOT
between the preceding and following cases. Perioperative management at GMH set a general goal for
TOT to be no more than 75 minutes. Additional OR
case information was extracted from GMH’s electronic medical record (EMR). This case information
includes whether the patient was outpatient or inpatient, whether the case was add-on or scheduled, the
number of procedures in the case, etc. Using case
ID, case information was combined with the data
collected from the ORTimer app. Observations with
missing values were eliminated from the final dataset
used for model estimation.
We did not include turnover times for cases that were
not scheduled back-to-back. For these cases, there
is a “scheduled gap” between the two cases which
would extend the TOT. We removed these cases from
consideration since their delays are not caused by
the OR staff, but rather the scheduling office. For
the multiple regression analysis, the response variable considered was turnover excess, which is defined as the difference between the actual TOT and
the allotted TOT. Turnover excess is used to measure the amount of delay during the turnover time.
Please note that turnover excess was set to zero if it
is negative. A total of 232 cases with delay reasons
was examined. Table 2 provides a summary of the
descriptive statistics of the variables considered for
model estimation. Turnover excess varies from 0 to
106.3 minutes with a mean of 11.8 minutes and standard deviation of 20.0 minutes. The number of procedures in preceding cases varies from 1 to 8 and the
Delay Reasons

Patient

Secondary Patient late to
hospital
NPO issue
ICU patient
Pediatric patient

OR equipment

Anesthesia

OR not ready

Difficult
Surgeon late to
anesthesia
OR
Difficult airway Surgeon late to
Preop
MDA delay
Communication
issue
CRNA delay

Insufficient
equipment
Contaminated
equipment
Communication
issue

Surgeon

Table 1: Delay reasons used in the ORTimer app
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Variable
Turnover excess (minutes)
Patient
OR equipment
Anesthesia
Surgeon
Preop
Outpatient (Preceding case)
Add-on case (Preceding case)
Number of procedures (Preceding case)
Outpatient (Following case)
Add-on case (Following case)
Number of procedures (Following case)

Min

Max

Mean

Std. dev.

0
0
0
0
0
0
0
0
1
0
0
1

106.317
1
1
1
1
1
1
1
8
1
1
6

11.818
0.116
0.151
0.091
0.134
0.060
0.534
0.129
1.836
0.496
0.224
1.677

20.015
0.321
0.359
0.288
0.341
0.239
0.500
0.336
1.265
0.501
0.418
1.042

Table 2: Descriptive statistics of the variables

number of procedures in following cases varies from
1 to 6. For the testing of the proposed hypothesis
(H : there is no difference between “Timer” and “No
0
Timer” TOTs), EMR reported unadjusted TOTs
were used. This data source provided us the means
to evaluate cases when the ORTimer app was used
against cases when the ORTimer app was not used.
Data Analysis
The statistical analysis first involved the estimation
of the Pearson intercorrelation between variables.
The analysis also involved the assessment of multicollinearity of the predictors. To accomplish this, the
variance inflation factor (VIF) was examined. Typically, VIF measures how much the variance of a coefficient is increased due to multicollinearity. VIF ≥ 10
15
indicates a serious multicollinearity problem. Next,
a multiple regression analysis was conducted. The
2
2
overall R and adjusted R of the regression model
were calculated to assess the percentage of the variance in the turnover excess time that was explained by
the predictors. Lastly, the proposed hypothesis that the
use of a countdown timer is effective in an OR environment was tested by employing a two-sample t-test.

Results and Discussion

Results of the Pearson intercorrelation analysis of the
predictors are presented in Table 3. An outpatient is
a patient who is scheduled for a surgery and is not
admitted overnight. A preceding case is the surgery
occurring in the OR before the TOT under consideration and a following case is the surgery after the
TOT under consideration. The correlation between
turnover excess and the predictors was found to be low
to medium, with the Pearson correlation values (r)
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

ranging from 0.07 to 0.38. The predictor having the
strongest correlation with turnover excess was outpatient from a following case (r = −0.38, p < 0.01). The
results also indicate that some of the predictors have
strong correlations with each other. For instance,
add-on case (following case) was strongly correlated
with add-on case (preceding case) (r = 0.50, p < 0.01)
and with outpatient (following case) (r = −0.35, p <
0.01). In contrast, the correlation between add-on
case (following case) and patient was found to be low
(r = 0.16, p < 0.05). The correlations between OR
equipment and patient (r = −0.12, p < 0.1), add-on
case (preceding case) and OR equipment (r = 0.12,
p < 0.1), and add-on case (preceding case) and anesthesia (r = −0.12, p < 0.1) were also found to be low.
The estimated multiple linear regression model is
reported in Table 4. The table shows the unstandardized regression coefficients (β), standardized
regression coefficients (β’), t-statistics and corresponding p-values, 90% confidence intervals of the
coefficients, VIF values, coefficient of determination
2
2
(R and adjusted R ), and overall model significance
(F-test). VIF values of predictors suggest that there
is no serious problem with multicollinearity in the
data. The coefficients of all of the predictors except
for the number of procedures (preceding case) are
statistically significant at 0.1 significance level.
A delay due to patient-related issues contributed an
estimated 12.7 minutes to OR turnover excess time,
with all other predictors held constant. That is, when
OR TOT exceeds the allotted time threshold and
there are patient-related issues, the following case is
pushed back by estimated additional 12.7 minutes.
With a 90% confidence interval, this extra OR TOT
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* p < 0.1; ** p < 0.05; *** p < 0.01

−0.02

−0.16**

0.02

0.13*

−0.08

0.09

0.01

0.04

−0.12*

−0.10

1.00
−0.10
0.01

1.00
0.05
−0.08
−0.01

0.08

0.04

−0.11

−0.01

−0.04

1.00
0.02

−0.09

−0.20***

0.27***

−0.39***

−0.34***

1.00

−0.08

0.50***

−0.23***

−0.09

1.00

0.24***

−0.18***

−0.08

1.00

−0.29***

−0.35***

1.00

−0.17***

1.00
1.00

Preop Outpatient Add-on case Number of Outpatient Add-on Number of
(Preceding (Preceding procedures (Following
case
procedures
case)
case)
(Preceding
case)
(Following (Following
case)
case)
case)

Table 3: Correlations for turnover excess and predictor variables

Turnover excess
1.00
Patient
0.19***
1.00
OR equipment
0.32*** −0.12*
1.00
Anesthesia
0.24*** −0.02
0.03
Surgeon
0.17**
0.02
0.05
Preop
0.25*** −0.09
−0.11
Outpatient
−0.20*** −0.09
−0.16**
(Preceding case)
Add-on case
0.14** 0.14**
0.12*
(Preceding case)
Number of
0.17***
0.06
0.17***
procedures
(Preceding case)
Outpatient
−0.38*** −0.23*** −0.25***
(Following case)
Add-on case
0.07
0.16**
0.06
(Following case)
Number of
0.19***
0.01
0.07
procedures
(Following case)

Turnover Patient
OR
Anesthesia Surgeon
excess
equipment
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Predictors
Patient
OR equipment
Anesthesia
Surgeon
Preop
Add-on case (Preceding case)
Number of procedures
(Preceding case)
Outpatient (Following case)
Number of procedures
(Following case)
R2
Adjusted R2
Overall model significance

β

β’

t-statistic

p-value

90% Confidence Interval

VIF

12.723
16.352
17.798
9.090
27.366
5.931
1.582

0.204
0.293
0.256
0.155
0.326
0.099
0.100

3.79
5.30
4.81
3.02
6.16
1.90
1.94

<0.001
<0.001
<0.001
0.003
<0.001
0.059
0.054

7.184, 18.261
11.252, 21.451
11.682, 23.915
4.111, 14.070
20.027, 34.704
0.766, 11.095
0.235, 2.928

1.21
1.33
1.15
1.13
1.10
1.17
3.06

−5.830
1.427

−0.146
0.074

−3.20
1.61

0.002
0.108

−8.841, −2.819
−0.033, 2.888

1.53
2.82

0.553
0.535
F (9, 223) = 30.70 (p < 0.001)
Table 4: Model estimation results

is between 7.2 and 18.3 minutes. In case of delay due
to OR equipment, holding all other predictors fixed,
an estimated 16.4 minutes is added to the turnover
excess time. With a 90% confidence interval, this excess time is between 11.3 and 21.5 minutes.

Holding all other predictors fixed, if there is a delay
in anesthesia, an estimated 17.8 minutes of additional
time is required beyond the allotted OR TOT. This
time is between 11.7 and 23.9 minutes, with a 90% confidence interval. In case of delay due to surgeons, an
estimated 9.1 minutes is added to the following case
start time, holding all other predictors fixed. With 90%
confidence, this time is between 4.1 and 14.1 minutes.
Preop being the reason for delay in OR adds an estimated 27.4 minutes to turnover excess time, holding all
other predictors fixed. With 90% confidence, this time
is between 20.0 and 34.7 minutes.
A preceding case being an add-on case increases turnover excess time by an estimated 5.9 minutes when all
other predictors are fixed. That is, an add-on case contributes an extra 5.9 minutes to OR turnover excess
time compared to that of a regular case. In the case of
a preceding case, each procedure in the case adds an
estimated 1.6 minutes to the OR turnover excess time.
When all other predictors are fixed, OR turnover excess
time is found to decrease by an estimated 5.8 minutes
for an outpatient relative to an inpatient in the following case. Each procedure in a following case adds an
estimated 1.4 minutes to OR turnover excess time.
The variable Preop has the highest absolute standardized regression coefficient (β’ = 0.326). That
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Figure 2: Box Plot of the TOT Groups

means Preop is the most significant variable in explaining OR turnover excess time. Lastly, the overall
model is statistically significant, F (9, 223) = 30.70
(p < 0.001), and the model explains 55.3% of total
2
variation in OR turnover excess time (R = 0.553).
During the data collection period at GMH, data was
collected for 695 OR cases. Of these, 433 records
had turnover times exceeding 75 minutes. Potential
reasons for this longer TOT are: gaps in the schedule, surgeons canceling/rescheduling their cases for
a later date, patient NPO (patient ate before surgery) issues, and surgeon unavailability (assisting
in another case, etc.). We divided these 433 records
into two groups, based on the whether the ORTimer
app was used or not—referred to as “Timer” (125
records) and “No Timer” (308 records). It is evident
from Figure 2 that “No Timer” has more spread
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Group
Timer
No Timer

Mean (minutes)

Std. dev. (minutes)

t-statistic

p-value

Test result

101.080
106.315

24.013
28.974

−1.932

0.027

Reject H0

Table 5: Hypothesis test results

than “Timer”, i.e., the interquartile range of the first
group is wider than that of second group. To verify whether there is a statistical difference between
OR turnover times in the “Timer” and “No Timer”
groups, a two-sample t-test was conducted. The null
hypothesis (H ) is that there is no difference b
 etween
0
the “Timer” and “No Timer” turnover times. The
alternative hypothesis (H ) is that the “Timer” turn1
over time is less than that of the “No Timer” turnover time. Table 5 summarizes the results of the
t-test which yields a p-value of 0.027. Thus, the null
hypothesis can be rejected at the 0.05 significance
level and we can conclude that the use of a countdown timer is effective in an OR environment.
Limitations
This study has three limitations that should be considered when interpreting its findings. First, this
study used data from only one hospital and only
one core. Second, the ORTimer app was not used
by all CRNAs and not utilized in all OR cases in the
D-core during the study period. Lastly, this study
was observational in nature and not controlled. This
is because the research was performed in a working
hospital, and therefore, the study team had to allow
the CRNAs the discretion to do what they viewed
was best for the patient and the hospital.

Conclusion

1

As is the case with most production environments,
the use of a visual management tool such as the
countdown timer in the OR is found to be effective.
The developed ORTimer mobile app enabled us
and perioperative managers to obtain delay reasons
for prolonged OR turnover time (TOT). This data
set combined with the hospital’s electronic medical
record (EMR) provided a rich data set for identifying the factors that contribute to prolonged OR
TOT and quantifying their impacts.
The ORTimer app can indirectly lead to better patient outcomes since patients will spend less time in
Preop and potentially less time receiving operative
care when the staff are more coordinated in their
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

efforts. Additionally, decreased TOT will decrease
Preop waiting time for patients, which is highly correlated with patient satisfaction scores.
Due to the successful deployment of the ORTimer app
in the D-core at Greenville Memorial Hospital (GMH),
it is being deployed in the Gastrointestinal (GI) labs at
GMH as well. The GI labs are typically used for simpler cases where TOTs average approximately 16 minutes in duration. It will be interesting to see how the
results from the GI labs compare to that of D-core. In
addition, talks between GMH and EMR IT staff are
underway regarding the integration of the ORTimer
app and EMR. Specifically, discussions have focused
on allowing “Health Level 7” messages to be transmitted to a server in which the ORTimer app would pick
up the data and decode it into usable information to
run the timer. Such information would include procedure finish (to start the timer) and procedure start
(to finish the timing of the turnover). This approach
would allow the app to be used without any human
intervention (pressing of buttons). Once implemented,
this integration will open the way for automatic milestone documentation through the electronic medical
record which would eliminate unnecessary double documentation. This integration will also allow us to capture more specific information about the patient and/
or case in future versions of the app.
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Background: The ability to obtain high quality ocular images utilizing smartphone technology is of
special interest in under-resourced parts of the world where traditional ocular imaging devices are
cost-prohibitive, difficult to transport, and require a trained technician for operation.
Purpose: The purpose of this study was to explore potential anterior and posterior segment ocular
imaging use cases for a smartphone-based ophthalmic camera adapter (Paxos Scope, Digisight
Technologies, San Francisco, CA, USA) in under-resourced settings in Nepal.
Methods: From September to November of 2015 we utilized the Paxos Scope smartphone camera
adapter coupled with an iPhone 5 to explore anterior and posterior segment clinical applications for
this mobile technology. We used the device at a tertiary eye care facility, a rural eye hospital and a
rural cataract outreach camp. We tested the device’s capability for high quality photo-documentation
in clinic, in the operating room, and in the outreach camp setting. Images were automatically uploaded
to a secure, cloud-based electronic medical record system that facilitated sharing of images with
other providers for telemedicine purposes.
Results: Herein we present 17 ocular images documenting a wide variety of anterior and posterior
segment pathology using the Paxos Scope from clinical cases seen in a variety of settings in Nepal.
Conclusions: We found the quality of both the anterior and posterior segment images to be excellent
in the clinic, the operating room, and the outreach camp settings. We found the device to be versatile
and user-friendly, with a short learning curve. The Paxos Scope smartphone camera adapter may
provide an affordable, high-quality, mobile ocular imaging option for under-resourced parts of the
world.
Keywords: Paxos

Scope, mobile health, smartphone ophthalmic imaging, teleophthalmology, triage
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Introduction

Worldwide there are an estimated 285 million people
suffering from vision impairment and 39 million
who are blind. ‘Low vision’ is defined as visual acuity of less than 6/18 but equal to or better than 3/60
or a corresponding visual field loss to less than
20 degrees in the better eye; ‘blindness’ is defined as
visual acuity of less than 3/60 or a corresponding visual field loss to less than 10 degrees in the
better eye; and ‘visual impairment’ includes both
1
low vision and blindness. The World Health
Organization predicts that 80% of these are preventable cases, and 90% of these individuals are located
in low-income countries where access to eye care is
limited. As life expectancy and standard of living
have improved in many parts of the world, the burden of blinding eye disease has increased with the
aging population. In the last decade, other than cataracts, glaucoma, corneal opacities, age related macular degeneration and diabetic retinopathy have
emerged as some of the most common causes of
2,3
preventable blindness. As blindness can be avoided
in all of these conditions if diagnosed and treated
early there is an urgent need to expand screening
capabilities for these conditions. However, such
screening can be challenging in resource-limited settings for a variety of reasons such as lack of health
infrastructure, lack of trained eye health personnel,
and the inability to obtain cost prohibitive ophthalmic equipment.
Eye health personnel have been using imaging
equipment such as ophthalmoscopes since the
4
1800s. Anterior and posterior segment imaging
have since become an integral part of an eye clinic,
aiding in the diagnosis and monitoring of eye diseases. Advancements in digital imaging have continued to improve the way we are able to capture,
5
process, and share images. Moreover, the advent
of mobile technology coupled with digital imaging
has paved the way for telemedicine to address pub6
lic health issues.
There are an estimated 6.8 billion mobile phone
subscriptions across the world, and nearly 40% of
7
the world’s population is online. Mobile health,
defined as the use of mobile devices in patient care
and public health, has experienced an increase in
8
popularity over recent years. One area of innovation which has garnered significant interest is the
ability to obtain, share, and analyze high quality
ocular images utilizing mobile camera technology.
This capability holds special interest in under-
resourced parts of the world where traditional
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

ocular imaging devices are difficult to transport,
cost-prohibitive and require a trained technician
9,10
for operation .
Mobile ophthalmic imaging devices have shown
promise in revolutionizing ophthalmic care. In
2014, Myung et al. reported on a prototype adapter for external eye and fundus imaging, with the
latter being a 3D printed adapter that mounts a
condensing lens to a smartphone to turn it into an
11
indirect ophthalmoscope. Toy et al. compared
images taken with a subsequent iteration of this
device with in-person slit-lamp biomicroscopy for
grading diabetic retinopathy and found 90% agreement between the two methods; moreover,
they found that the photograph grade was 91%
sensitive and 99% specific, with a 95% positive
predictive value and a 98% negative predictive
value, for diabetic disease in their patient popula12
tion. These devices were the early prototypes of
a now-commercially available device known as
Paxos Scope™ (DigiSight Technologies, San
Francisco, CA, USA) that was registered in
2015 with the United States Food and Drug
Administration (FDA) as a 510(k) Class II exempt
ophthalmic camera for both anterior and posterior segment photography. In parallel efforts,
Maamari et al. (2014) described a digital fundus
imaging device for taking high quality wide field
13
retinal photographs, while Russo et al. (2015)
published a study using a direct ophthalmoscopy
adapter (D-Eye) for diabetic screening, which also
showed excellent agreement between in-person
and smartphone image-based retinopathy grading. Russo’s group found exact agreement between
the two methods of retinopathy grading in
204 of 240 eyes (85%) and agreement within
1 grade level of diabetic retinopathy in 232 of
14
240 eyes (96.7%).
Teleophthalmology has
been shown to be an effective tool for diagnosing
15
diabetic retinopathy and macular edema well
before the advent of high resolution smartphone cameras, and these above studies suggest
an emerging role for smartphones for this purpose.
In addition, Kanagasingam et al. (1999) and
Bastawrous et al. (2016) evaluated the potential
for teleophthalmologic diagnosis and screening of
glaucoma using a portable fundus camera and
smartphone-based retinal adapter, respectively,
and found the camera and smartphone adapter
16,17
provided similar reliable diagnostic results.
Thus, there is a growing consensus about the
potential for smartphone-based imaging to
enhance teleophthalmology.
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In this paper, we test the utility of Paxos Scope system at the Tilganga Institute of Ophthalmology
(TIO) in Kathmandu, Nepal and at TIO’s rural
outreach centers. Eighty-three percent of Nepalese
18
live in rural settings with very limited access to an
ophthalmologist as there are only 217 ophthalmologists and ophthalmologists-in-training in the
country, most of whom are located in metropolitan
19
areas. Two of the authors (JW and MO) spent significant time at TIO and its outlying rural community eye centers (CECs), using the device in various
clinical settings where ophthalmic photography
was otherwise unavailable. We present our experience using this device in Nepal and its potential
applications in the developing world. In our experience, the Paxos Scope’s portability, ease of use, and
low cost make this technology especially applicable
to the developing world.

Methods

JW and MO are both cornea specialists who visited
Nepal as part of the Himalayan Cataract Project
from September to November 2015. They spent
time at TIO, the Geta Eye Hospital, a rural hospital in Danghadi, Nepal, and the rural outreach cataract camps in Hetauda, Nepal during this trip
(Figure 1). They obtained photographs using the
Paxos Scope in all of these settings as part of documentation for the patients’ records. Patient consent was obtained prior to acquisition of all
photographs.

To obtain anterior segment photographs, the adapter consisting of a macro lens and external LED
was attached to the phone. The LED light on the
adapter was first turned on. No other illumination
settings were required beyond turning the external
light source on. The patient was then instructed to
fixate on a target straight ahead with eyes wide
open. The phone, held in landscape orientation, was
then brought straight-on to within approximately 5
centimeters of the patient’s orbital rim until iris
details, such as the pupillary margin, were in focus.
To obtain fundus photographs, a Volk 20D lens
(Volk Optical, Inc, Mentor, OH, USA) mounted
onto the posterior segment adapter was first
attached to the phone. The adapter consisted of a
14.6 centimeter (5.75 inch) long lens-to-smartphone
mount with a sliding shaft that could be lengthened
to allow adjustment of the working distance
between the phone and the lens. The external LED
of the Paxos unit is used as the source of illumination. The patient was instructed to fixate on a target
straight ahead, then the phone-adapter complex

The smartphone-based imaging system consisted of
an iPhone 5 (Apple Inc, Cupertino, CA, USA) camera phone (8 megapixel resolution) and the Paxos
Scope anterior and posterior segment hardware
adapters with external light-emitting diode (LED)
illumination (Figure 2; Stanford University, Palo
11,20
Alto, CA, USA, described in detail previously
).

Figure 1: Example of the rural settings in which the
Paxos Scope was used for imaging documentation
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Figure 2: Photograph of Paxos Scope anterior and
posterior segment hardware adapters with external
light-emitting diode illumination attached to an iPhone
(Apple Inc, Cupertino, CA, USA)
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was stabilized with fingers braced on the patient’s
brow and cheek in similar fashion to the hand position for indirect ophthalmoscopy. The axis formed
by the indirect lens and camera was initially directed
nasally toward the optic nerve. Once the optic nerve
was in focus, the view was then tilted temporally so
the macula could also be captured in the
photograph.
In settings where wi-fi was available, participant
photographs were uploaded to a secure, HIPAAcompliant, cloud-based server (www.digisight.
net) and later paired with the patient’s electronic
medical record at the respective clinic sites.
All image acquisition and transmittal was
handled with strict attention to the confidentiality

of 
personal data in accordance with the Data
Protection Act of 1998 and Access to Health
Records of 1990.

Results

Herein we include a series of ocular photographs
taken with the Paxos Scope while in Nepal.
All photographs included in this section were
obtained by the first author, JW, who had less than
2 months experience with the Paxos Scope prior
to utilization and no prior formal training with
the device.
Figures 3-7 were taken within the TIO Outpatient
Department in Kathmandu, Nepal, the main eye
center in Nepal. First built in the early 1990s through

Figure 3 a-b: Anterior segment photos obtained in the clinic documenting (a) the recurrence of a fungal ulcer after
penetrating keratoplasty and (b) post-operative day 1 appearance following conjunctival flap in the same eye

Figure 4 a-b: Anterior segment images of the (a) right and (b) left eye obtained intra-operatively showing bilateral corneal
perforations due to vitamin A deficiency in a malnourished 7 year old female. The patient subsequently underwent
penetrating keratoplasty of the left eye
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Figure 5 a-b: Intra-operative anterior segment photos showing a limbal lesion that extends from the 3 o’clock to 9 o’clock
position (a) prior to excision and (b) immediately following excisional biopsy

Himalayan Cataract Project. TIO is the main central
training center for ophthalmologists for the entire
country, with all ophthalmologic subspecialties represented. These images represent a small sample of
the myriad pathology commonly seen at TIO.
Figures 8-11 were taken in two remote eye care facilities in Nepal (Geta Eye Hospital, Dhangadhi,
Nepal [Figures 8-10] and Hetauda, Nepal [Figure
11]). Geta Eye Hospital is a rural eye hospital in the
far western portion of Nepal known as Biratnagar.
Geta Eye Hospital is centrally located in the forest
of Geta village near the Indian border and provide
care to both the Nepalese and Indian populations.
Yearly it is estimated that more than 40,000 cataract
surgeries are performed here. Ophthalmologists also
have the option of telemedicine consultation with
TIO for management of complex cases. The Hetauda
Community Eye Hospital, similar to the Geta Eye
Hospital, was established in 2007 to help the rural
communities south of Katmandu. Health care workers and residents from TIO rotate through Hetauda
for training after residency.

Figure 6: Posterior segment image obtained in clinic
within the first week of visit to document optic nerve
appearance (left eye) in a glaucoma suspect

the combined efforts of the Nepal Eye Program, the
Himalayan Cataract Project, the Fred Hollows
Foundation, Tissue Banks International in Baltimore,
USA, and Lions International, this tertiary eye care
facility remains today the flagship institution for the
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Figures 12-13 were obtained at a cataract outreach
camp in Hetauda, Nepal. These images are representative of the pre-operative and post-operative
cataract surgery photos taken at the camp.

Discussion

We demonstrate the use of the Paxos Scope smartphone camera adapter in a variety of settings, not
only in the clinic but within the surgical field as well
as in outreach camps. In our experience the Paxos
Scope is a powerful and high-quality ophthalmic
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Figure 7 a-b: Posterior segment images obtained in clinic showing severe bilateral optic nerve edema and peripapillary
hemorrhage in a patient found to have tuberculous meningitis. Right eye (a) and left eye (b) are shown

Figure 8: Anterior segment image obtained in the clinic
to document phacomorphic angle closure glaucoma

JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Figure 9: Anterior segment image obtained in clinic to
document the appearance of a complex corneal
laceration repair on post-operative day 1 (right eye,
following instillation of fluorescein dye). Agriculturerelated eye trauma are common in these communities
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imaging device of the front and back of the eye. It is
easily portable, low maintenance, and harnesses the
capabilities of smartphones which are already ubiquitous. It has previously been shown that patients
are comfortable throughout imaging when being
photographed with this system and have high toler21
ance to the LED light attached to the adapter.
Furthermore, image acquisition added only an additional 2-5 minutes on average to the exam based on
the authors’ experiences. During our visit, we began
to incorporate principles of telemedicine using the
Paxos Scope images as a way to relay information
between the rural hospital setting and TIO, The
Paxos Scope was also helpful as a teaching tool. By
obtaining images in real time, we were able to share
clinical findings with the residents and fellows and
begin to create a database for case studies and presentations. The images were also helpful in patient
education.
Figure 10: Posterior segment image showing myopic
degeneration with sub-foveal choroidal
neovascularization in a left eye

Figure 11: Posterior segment image of a left eye with a
toxoplasmosis lesion in the inferior retina with
characteristic overlying vitritis
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

There are some limitations noted with the use of
the Paxos Scope. Notably, the Paxos Scope was
best used in dark settings. If used outdoors or in
well-lit areas such as in the outreach camps, the
fundus photos were more difficult to obtain.
Patients also needed to be well-dilated to take the
fundus images as the Paxos Scope is not a non-mydriatic camera. Another limitation was with the use
of the Digisight software. Many areas we visited in
Nepal did not have good wi-fi and some of the
applications of telemedicine were thus limited by
our connectivity. Initially we also did not have the
capabilities to take photos while offline, but with
updates in the software midway through our trip,
we were later able to upload images from the photo
gallery on our phones, thus by-passing this issue.
There was also a learning curve to taking images
with the adapter but this was relatively short and
did not require special training. Author JW was
able to learn the Paxos Scope system within the
first ten imaging acquisition attempts, which agrees
in time course with Ludwig et al.’s previous study
21
on the ease of use of the Paxos Scope.
In rural underserved countries like Nepal, this
device has the capacity and potential to expand
telemedicine by (1) empowering community eye
hospitals to relay information back and forth with
tertiary eye centers like TIO and (2) providing a
means through which subspecialty trained physicians concentrated in the cities could extend their
impact and influence to help in rural areas. This
pilot experience sets the stage for a study that is
forthcoming, where we are looking at training
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Figures 12 a-b: Anterior segment images showing (A) pre-operative appearance of a mature cataract and (B) postoperative day 1 appearance following manual small incision cataract surgery with posterior chamber intraocular lens
implantation in the same eye

Figure 13 a-b: Anterior segment images taken intra-operatively showing the appearance of a mature cataract (A) before
and (B) after extraction via manual small incision cataract surgery with posterior chamber intraocular lens implantation

CEC-based ophthalmic technicians to use the
Paxos Scope for both anterior and posterior segment imaging and send these images for triage and
treatment to trained physicians at TIO. We anticipate through this future study we will be able to
establish a model of remote triaging and management which could be applicable to under-resourced
settings in other countries.

Conclusion

The Paxos Scope smartphone camera adapter’s portability, ease of use, and low cost may provide an
affordable, high-quality, mobile ocular imaging
option for under-resourced parts of the world.
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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Introduction: Mobile apps are used as an aid in the mental health services in many high income (HI)
countries. The present study was conducted to assess frequency of mobile phone use amongst patients
with mental illness.
Methods: Patients attending a psychiatric outpatient department of a public funded tertiary care
medical school in India were assessed for use of mobile phones and its possible utility in mental
health service delivery using a semi structured questionnaire.
Results: The study had 350 subjects, out of whom 357 (87.7%) reported using mobile phone on a
regular basis. Mobile phone was used for phone calls, sending and receiving SMS, recreation, and for
accessing social networking sites. Most of the users agreed that the mobile phone could be used as an
aid in mental health service delivery, and expressed willingness to receive educational messages.
Conclusion: Patients with mental illness attending psychiatric outpatient services in India use mobile
phones and are willing to use as a treatment aid.
Keywords: Mobile phones, mental health, information technology, India
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Introduction

In the last few years, there has been a remarkable
spread of mobile technology in low and middle-income (LAMI) countries, with its penetration being
much higher than the general infrastructure. For example, in India, there are 943.9 million wireless telephones with a teledensity of ~75%, and the mobile
1
phones constitute about 97% of the total telephones .
Mobile technologies, with an easy and wider availability, portability, being self powered, increasingly better
computational capacities and decreasing costs, user
2
familiarity and internet connectivity , have opened up
new alternatives for health care delivery that can be
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delivered through the existing infrastructure as peo2
ple carry mobiles with them all the time.
Recent studies from high-income (HI) countries have
reported that a number of people use mobile phones
to search for health related information. Most patients with mental illness own mobile phones, use it
for activities other than spoken conversations like
sending emails, web browsing and social networking,
and mobile phones have been explored as a potential aid in mental health services3. Studies from HI
countries have demonstrated use of mobile phones
in delivering psychosocial interventions (crucial
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for recovery) like provision of health information,
prompts for medications, reminders, self-monitor4.
ing, and practice of skills in real world situations
In India, mental health resources for psychosocial interventions are meagre and are rarely applied in the
5
care of patients with mental disorders as there is a
gross deficiency of mental health resources (0.2 psychiatrists, 0.03 clinical psychologists, 0.05 psychiatric
nurses, and 0.03 social workers per 100,000 of the pop6,7
ulation . In this context, mobile technologies have a
potential to become an important mental health care
service link between the meagre mental health services
and the unfulfilled mental health care needs of the vast
majority of unreached patients and caregivers, and can
be used for a range of indications in mental health like
increasing awareness, training, linkages between services, clinical services and research.
We are planning to develop a mobile based intervention framework for imparting psychosocial interventions to the patients attending psychiatric services.
Before making mobile based interventions suitable
for the needs of the patients, it is important to know
whether the patients with mental illness are using
mobile phones as there is absence of research in this
field from India. The present study was conducted to
find out the frequency of mobile phone use among
patients with mental illnesses, and to assess feasibility
of using mobile phones in improving service delivery
and delivering educational messages in them.

Methodology

The study was conducted in psychiatry outpatient
services at the All India Institute of Medical Sciences, New Delhi, India. The service runs a walk-in
clinic, where all the first contact patients are seen,
and a follow up clinic where the old patients already
on treatment from the service are seen. Every fifth
patient aged 18-60 years, visiting the walk-in clinic,
and every fifth patient visiting the follow up clinic
over a period of three months (from February –
April, 2015) were recruited for the study.
The subjects were explained the purpose of the
study. A written informed consent was taken. In
patients with psychotic disorders, who were unable to give consent, consent was taken from the
accompanying relative. The data was collected
using a semi-structured questionnaire (attached as
Appendix), prepared for the study by the investigators. The study was approved by the Institute ethics
committee.
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

The data was analysed using descriptive statistics, reported as means and standard deviations for continuous variables and percentages for discrete variables.

Results

A total of 350 subjects were recruited for the study,
205 (58.6%) males and 145 (41. 4 %) females. Two
hundred and thirty five (77.1%) subjects were from the
follow up clinic and 115(32.9%) were from the walk in
clinic. Mean age of the subjects was 33.3 (±11.5) years.
About 40% of the subjects had received 10 years of
th
formal education, one fifth had studied upto 12 standard, and about 30% were graduate. Mean duration
of illness was 6.2 (± 7.6) years, and mean duration of
treatment was 1.5 (± 3.5) years. Common diagnosis
included neurotic, stress related and somatoform disorders (47.0%), mood disorders (32.0%), schizophrenia and related disorders (14.3%), and disorders due to
psychoactive substance use (4.0%).
Three hundred and seven (87.7%) subjects reported
using mobile phones regularly. Most of the subjects
used mobile phone for making and receiving phone
calls, and about two third also used it for sending
and receiving short text messages. About half of
them used clock and alarm functionalities, two fifth
also used it for recreational activities, and around
30% used for accessing social network sites (Table 1)
Most of the subjects reported that mobile phones
could be used as an aid to treatment for psychiatric disorders. This included use as a reminder for
appointments (90.4%), and to take medications
(72.3%). About half of the subjects suggested that
mobile phones could be used for recording and reporting of side effects. Forty two percent of the subjects reported that mobile phones could be used for
receiving educational information related to their
mental illness. Only 17% of the patients felt that
these could be used for imparting psychological
treatments (Table 1).
More than 70% of the mobile phone using subjects
expressed that the phones could be used to receive
educational messages regarding any precautions to
be taken (70.5%), activities and exercises (55.4%),
information about their mental illness (36.5%), dietary advice (26.9%) and information about stress
reduction techniques (Table 1).
In a single open-ended question about any other use
of mobile phone related to psychiatric treatment,
only 31 (11.4%) subjects provided a suggestion.
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Purpose

n (%)

Type of application (n=307)
Making and receiving calls
Sending & receiving messages
Clock & Alarm
Recreational activities
Use of social networking sites
Utility of mobile phones in treatment as an aid (n=271)
As Reminder
Reminder for appointment
Reminder to take medicines
Recording and reporting of side effects
Receiving information about mental illness
Psychological treatment
Kind of Educational messages
Any precautions to be taken
Activities or exercises
Knowledge about their mental illness
Dietary advice
Information about stress reduction techniques

301(98.1)
210(68.4)
153(49.8)
121(39.4)
93(30.3)
245(90.4)
196(72.3)
142(52.4)
115(42.4)
46(16.97)
191 (70.5)
150 (55.4)
99 (36.5)
73 (26.9)
67 (24.7)

Table 1: Mobile phone use and its utility as aid to psychiatric treatment
Application of mobile phone in day-to-day life (n=307)

Sixteen subjects felt that mobile phones can be used
to give feedback regarding treatment. Fifteen subjects felt that these can be used for sharing experience regarding treatment through common patient
group on social networking sites.

Discussion

More than 85% of the patients with mental health
problems in our study were using a mobile phone.
The mobile phones was being used for a range of
activities besides making phone calls. Most subjects
opined that it could also be used as an aid in the
treatment.
All of our subjects used mobile phone for making
and receiving phone calls, but over two third also
used it for sending and receiving short text messages. The phone was also used for other functions
like clock and alarm by about half of the subjects,
for recreation by about two fifths, and for accessing
social network sites by 30% of the subjects. Earlier studies have also reported the most common
uses of mobile phones in patients with severe mental illnesses as for making phone calls, texting, and
3
internet .
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Regarding the potential usage of mobiles phones in
treatment, most (90%) of the subjects reported that
these can be used to remind them for appointments.
Majority of the subjects indicated use of mobile
phones in pharmacological treatment as reminder
for taking medications and reporting side effects.
However, only less than half of the subjects indicated that mobile phones can be used for receiving
educational information related to their mental illness and even fewer subjects felt that these can be
used for imparting psychological treatments. This
finding is not unusual as majority of the patients
with mental illnesses receive pharmacological treatment with minimal psychosocial interventions due
5
to lack of resources for the latter . However, when
asked specifically about the kind of educational
messages they wanted to receive, majority of them
listed only psychosocial interventions. About three
fourth of the subjects reported that they wanted to
receive messages regarding any precautions to be
taken regarding illness or medications, about half
of them wanted messages regarding activities and
exercises, and one third wanted information about
their mental illness, and a quarter each wanted information regarding dietary advice and stress reduction techniques. This shows that the mobile phones
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appear to have a high potential of use in the mental
health care settings.
Our results are in line with the studies from HI
countries which have reported that n 72%-97% of
patients with mental illnesses and substance use dis2, 8, 9
orders own a mobile phone
. The results are not
surprising since compared to an average 2008–2012
growth rate of mobile subscriptions of just 10.15%
in the HI countries, the growth rate was much higher
(75.07%) in South Asia driven mainly by growth in
10
India .
The study had a limitation of being conducted in
a tertiary care setting in a big city and hence the
findings may not be generalizable to other settings.
We did not screen specifically for the use of smart
phones, since most of our subjects use ordinary
phones.
The study concludes that most of the patients with
psychiatric disorders attending outpatient services
in India use mobile phones, and welcome its use as a
treatment aid. The mobile phones offer a potential to
be exploited in India with limited human resources
in mental health and a potential use in psychosocial
treatment.
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Appendix

Feasibility of using mobile phones in improving service delivery
and creating health awareness in patients with mental disorders
(Please tick mark the answers)
Date

Regn No.

Age

Gender

Name
Education

Address:
Mobile:

E mail (if any):

Diagnosis
Duration of Illness:
Duration of treatment at AIIMS:
1. Do you have a mobile phone?

Yes/No

JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

2. For what all functions do you use mobile phone? (Kindly
mark as many as applicable)
• Making & receiving calls
• Sending & receiving messages
• Clock & alarm
• Contact list
• Any other
3. Do you think that it can be used as a helping aid in your
treatment? Yes/No
4. If yes, kindly tell, how? (Kindly mark as many as applicable)
• Reminder for appointment
• Reminder to take medicines
• Recording & reporting of side effects
• Receiving education messages related to your illness
• Psychological treatment
• Any other
5. What kind of educational messages you would like to receive?
• Any precautions to be taken
• Activities or exercises
• Dietary advice
• Any other
Any suggestions, you would like to make
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Background: Mobile technology is a rapidly evolving field allowing healthcare providers to reach
patients outside of a traditional face-to-face setting. Fortunately, interventions are now becoming
readily available via mobile devices such as mobile phones, smart phones, and tablets, yet there has
been little attention to the design of these interventions so that they are theoretically-driven (informed
according to a behavioral theory or model) and ethically performed.
Objective: To provide data on theoretically-driven interventions that were empirically tested and to
analyze the features and strategies used to implement these interventions.
Review Methods: This study employed a scoping review methodology according to the Joann Briggs
Institute. An electronic database search yielded 20 eligible articles.
Results: The participants spanned various health domains: cardiovascular (weight control, physical
activity, diabetes), cancer (pap testing), prenatal care, substance use (alcohol recovery, smoking
cessation), and HIV and/or sexual risk assessment. Social Cognitive Theory, Health Belief Model,
and Transtheoretical Model were applied most frequently to guide interventions.
Conclusion: Future work should focus on the application of theory and how various implementation
techniques translate to the overall effectiveness of the intervention.
Keywords: mobile technology; theory; model; mhealth; mobile application; text-messaging
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Theory Driven Mobile-Based Interventions:
A Scoping Review

Within the last decade, there has been tremendous
outgrowth of mobile technology, especially the use
of tablets, smartphones, and mobile phones. The
increasing use of technology presents healthcare
providers with an unprecedented opportunity to
support and deliver care to patients outside of the
1
acute care setting . Owing to an increase in chronic
health conditions, it is critical for patients to have
real-time and mobile access to evidence-based health
information and self-management interventions.
Nearly 50% of Americans have at least one chronic
disease that requires daily self-management to optimize outcomes, and the largest degree of self-management behavior occurs outside the acute care
2
setting . Self-management interventions that are
available through mobile devices are a promising
area of science for disease prevention and wellness
3
promotion .
Mobile technologies have extended the physical
boundaries of care beyond the traditional healthcare setting through the incorporation of real-time
data capture, exchange and personalization of the
4
interventions . Mobile interventions can be used to
target key self-management behaviors like medication adherence, adversities, and barriers, which
importantly reinforces the patient’s role as an active
5
agent in management of their health . Additionally,
these interventions can be designed based on evidence-based principles shown to promote health by
connecting individuals to receive social support via
discussion forums and personalizing interventions
to one’s individual needs through the use of tailored
6–9
text messages . Importantly, at a time where the
cost of chronic disease is rising, mobile technologies
may provide a cost-effective opportunity capable of
reaching larger target populations spanning diverse
8,10,11
health domains
.
Nearly 90% of American adults own a cell phone,
12
and of these individuals, 64% own a smartphone .
Since 2011, there has been a 30% increase in ownership of smartphones with nearly 62% of smartphone
owners report using their cellphone to seek health
13
information within the past year . In 2015, there
were 500 million smartphone users downloading
14
mobile health applications . While increased access
to health information and tools for self-management
are desired, the majority of these apps have not
14
undergone rigorous trials for efficacy . There has
been little attention to the design of these interventions so that they are theoretically-driven (informed
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

and guided by behavioral theories and/or models)
and ethically perform (yield the benefit that is as
they are advertised) to the level as expected by
15
patients .
In order for patients to have sustainable changes,
consistent engagement with mobile applications
16
over time is necessary . Prior research suggests the
necessity of theory-driven mobile-based interventions for long-term adherence to health behavior
17,18
change . Mobile interventions based on theory,
“ensures that the intentions and drivers in the development of the intervention are clear and replica18, p. 7
ble”
. By building an evidence base that combines
the advancements of mobile health with theory,
researchers will be more equipped to understand
how individuals use and benefit from these interven9
tions . As mobile technologies are expected to
increase in scope and impact, ongoing analyses of
evidence are needed to inform the development of
future mobile-based interventions. To our knowledge, we know of no other review that primarily
focused on theoretically-driven mobile-based interventions to promote behavior change, consistent
with self-management. Therefore, the purpose of
this study was to provide data on theoretically driven
interventions that were empirically tested and to
analyze the features and strategies used to implement these interventions.

Purpose

The study proposed to answer the following questions: (a) What theories and/or models are currently
guiding mobile-based interventions? (b) What are
the most common features and strategies incorporated for intervention delivery? (c) What outcomes
are measured to determine effectiveness and engagement with mobile-based interventions? (d) What are
the gaps in the literature on theory driven mobilebased interventions? This study employed a scoping
review methodology according to the Joanna Briggs
Institute (JBI) Guidelines to present the literature
that has been conducted on theory-driven mobilebased interventions across diverse health domains.

Method
Scoping Review
The approach for analysis of evidence is dependent
19
upon the state of the science . Systematic reviews
are informative when there is larger existing body of
well-developed evidence that encourages a narrowed view of the problem from a smaller lens to
draw conclusions on a specific research question,
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for a specific condition, and in a specific popula19
tion . On the other hand, scoping reviews are used
to “provide a broad overview of a topic to identify
gaps in the evidence, clarify key concepts, and report
types of evidence that address and inform practice
(19, p.7)
in a topic area”
. Important distinctions
between systematic reviews and scoping reviews
center on the development of research questions,
types of evidence, study selection, and presentation
of the data. A scoping review is used to understand
an emerging area of scientific inquiry, where a broad
19
view of evidence in a domain is needed . Restrictive
inclusion criteria, as present in a systematic review,
would limit our ability to comprehensively understand the problem. Because this is an emerging area
of science, a broader scope is needed; a scoping
review provides flexibility to extract data from all
sources of evidence and research methodology,
rather than applying the limitations of a systematic
review and focusing solely on quantitative studies
19
(or only one study design) . Scoping reviews are
also used as hypothesis-generating technique to
help develop future systematic reviews that focus on
20
hypothesis-testing . This scoping review was conducted in accordance with the Joanna Briggs
Institute (2015) guidelines, and included the following steps: (1) Identifying the research question, (2)
Identifying relevant studies, (3) Study selection, (4)
Charting the data, and (5) Collating, summarizing,
19
and reporting the results .
Identification of Relevant Studies
This scoping review was completed on April 3, 2015.
A search inquiry across four electronic databases
(PubMED, PsychINFO, EMBASE, and CINAHL)
was developed with the assistance of a health sciences librarian and implemented using the following
terms: (“Psychological Theory”[Mesh] OR “Nursing
Theory”[Mesh] OR “Models, Theoretical”[Mesh]
OR theory [tiab] OR theoretical [tiab] OR model*
[tiab]) AND (“Cell Phones”[Mesh] OR “cell phone”
OR “cell phones” OR “cellular phone” OR “cellular
phones” OR “cellular telephone” OR “cellular telephones” OR “smart phone” OR “smart phones”
OR “mobile phone” OR “mobile phones”). The
search terms were used in combination whenever
appropriate and selected in order to acquire relevant
literature available in this domain.
Study Selection
The initial query was conducted by the first and
third authors. The inquiry was limited to humans,
the years of publication from 2009 to 2015, and the
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

English language, which resulted in 1,940 articles.
Of these articles, 411 were duplicates and removed.
As a result, 1,529 abstracts were screened for eligibility. A hand search was performed as an added measure to improve the likelihood of capturing relevant
articles. The inclusion and exclusion criteria were
selected to generate articles capturing the essence of
our study purpose by identifying clear behavior
change theories currently guiding mobile-based
interventions.
The following inclusion criteria were applied: (1)
interventions said by the study author to be theoretically-driven; (2) web-based and/or mobile-based
intervention focused on physical/behavioral outcomes (i.e. weight loss, physical activity, blood
glucose/HbA1c monitoring, tracking alcohol consumption) and/or psychological outcomes (i.e.
self-efficacy/confidence, motivation, attitude, support); (3) included analysis of the results of the
intervention (rationale: to understand effectiveness); and (4) reported empirical data pertaining to
engagement (i.e. satisfaction, acceptability, adherence, and/or feasibility; rationale: to understand
usability and delivery) of the intervention. Exclusion
criteria were: (1) no description of the underlying
theory or model guiding the design of the intervention (rationale: interventions based on theory
ensures that the intentions and drivers in the development of the intervention are clear); (2) web-based
and/or mobile-based intervention were not the sole
focus and combined with other interventions (rationale: it is difficult to determine the relative contribution of these interventions when they are packaged
with other interventions); (3) report of secondary,
not primary data (rationale: an advantage of including studies that reported primary data is that
researchers are collecting information specific to
their study purpose), and (4) review articles (systematic and literature).
The application of our inclusion and exclusion criteria to abstracts yielded 338 articles eligible for
text review. Of these 338 articles, 319 were excluded
because of: vague application of theory and/or
model (237 articles), reporting of secondary data
(32 articles), lack of usage metric data (35 articles),
and/or the article was a protocol or review (15 articles). Nineteen articles remained. Lastly, the reference lists of systematic reviews identified during
this process were hand searched for relevant articles which yielded one additional article. A total of
20 eligible articles were included in this review
(Figure 1).
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Secondary data
Usage metrics not
reported
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n= 20

Manual Search
n= 1

Figure 1: Flow Diagram

Charting and Collating the Data
Author, publication year, title, methods (design, theory and/or model of behavior change, intervention,
and measures), study characteristics, and results
were extracted from each article.

Results

A total of 20 articles were included. Although all
articles focused on behavior change theories/models,
the studies were heterogeneous with regard to how
theories/models were employed, study designs, settings, health domains, intervention strategies, and
outcome variables.
Theoretical Framework
As described in Table 1, Social Cognitive Theory
(SCT) was the most commonly used theory across
all types of interventions (n=8). SCT was applied
across the health domains of diabetes management,
smoking cessation, physical activity, and weight
1,6,9,10,18,21–23
loss
. The Health Belief Model guided
four (n=4) studies across three health domains, diabetes management, prenatal care, and sexual risk
9,11,22,24
reduction
. The Transtheoretical Model also
guided four interventions (n=4) and was most often
guided interventions for weight loss and diabetes
6,25–27
self-management
. Self Determination Theory
guided two (n=2) interventions in studies focused on
21,28
weight loss and alcohol relapse prevention . Fog’s
Behavioral Model guided two (n=2) interventions
focused on preventing gestational weight gain and
29,30
cervical cancer screening . Theory of Planned
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Behavior also guided two (n=2) interventions
7,17
focused on weight loss and diabetes management .
Sexual Script Theory, Behavioral Determinants
Model, Common Sense Model, Self-Regulation
Theory, Integrative Model of Behavior Intervention,
and the Information Motivation Behavior Model
were applied least frequently and focused on studies
related to weight loss, HIV risk behavior, sexual risk
reduction, and prevention of gestational weight
1,8,22,29,31,32
gain
.
Theoretical Constructs
As described in Table 2, the theories and/or models
were expanded upon by investigators to identify specific constructs of the theoretical frameworks that
supported the development and implementation of
the intervention. Of the 12 theoretical frameworks,
11 constructs were identified. Motivation (n=6) and
self-efficacy (n=6) guided the majority of interventions, followed by self-control (n=3), cues to action
(n=3), perceived severity/susceptibility – risk (n=2),
intention (n=2), competence (n=2), knowledge/
belief (n=2), barriers (n=1), self-worth/self-esteem
(n=1), and self-perception of illness (n=1).
Settings and Sample
As described in Table 3, over half of studies were set
6,9–11,22,23,28–32
in the United States
. Outside of the US,
7,21,25
study locations included Australia (n=3)
, New
1,18
Zealand (n=2) , Netherlands, Canada, United
8,17,24,27
Kingdom, and India
. Sample size and gender
also varied greatly. Sample sizes ranged from as low
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Smoking Cessation
Smoking Cessation
Weight Loss
Weight Loss
Weight Loss
Weight Loss
Weight Loss
Weight Loss
Diabetes Management
Diabetes Management
Diabetes Management
Diabetes Management
Diabetes Management
Prenatal Care
Prevent Gesstational Weight Gain
Alcohol Relapse Prevention
Cervical Cancer Screening
Physical Activity
HIV Risk Behavior
Sex Risk Reduction

Bock
Whittaker
Brindal
de Niet
Hebden
Patrick
Smith
Turner-McGrievy
Cafazzo
Dobson
Louch
Ramachandran
Nundy
Evans
Graham
Gustafson
Lee
Newton
Roth
Suffoletto
Total

Note.
a Self-Regulation Theory
b Behavioral Determinants Model
c Sexual Script Theory
d Common Sense Model
e Integrative Model of Behavioral Prediction
f Information Motivation Behavior Model

Health Domain

First Author

X
n=4

X
X

X

Health
Belief
Model

n=4

X

X
X

X

n=2

X

X

Transtheoretical
SelfModel
Determination
Theory
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X
X

X
X
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X

X
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n=2

X

X

Theory of
Planned
Behavior
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n=5
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Social Cognitive
Theory
Health Belief Model
Transtheoretical
Model
Self-Determination
Theory
Fogg’s Behavioral
Model
Theory of Planned
Behavior
Common Sense Model
Sexual Script Theory
Self-Regulation Theory
Integrative Model of
Behavioral Prediction
Information
Motivation Behavior
Model
Behavioral
Determinants Model
Total

Theory
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n=6

n=6

X

X

X

X

X

X

n=3

X
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X

n=2

n=2

X

n=2

Table 2: Exploration of Theoretical Constructs

n=3

X

X

X

X
X

X

X

X
X

X

n=2

X

X

n=1

X

n=1

X

n=1

X

Cues
Perceived Intention Competence Knowledge/ Barriers
SelfSelfto
Severity/
Belief
Worth/
Perception
Action Susceptibility
Self-Esteem
of
(risk)
Illness

X

X

SelfControl

X

SelfEfficacy

X

X

Motivation

Theoretical Constructs
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Smoking Cessation
Smoking Cessation
Weight Loss
Weight Loss
Weight Loss
Weight Loss
Weight Loss
Weight Loss

Bock
Whittaker
Brindal
de Niet
Hebden
Patrick
Smith
TurnerMcGrievy
Cafazzo
Dobson
Louch

United States
New Zealand
Australia
Netherlands
Australia
United States
Australia
United States

Location
60
226
58
141
51
101
361
96

Sample
Size (n)
25
119
0
51
10
37
361
24

Men
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15
26
52
n=3,443

X

X

138
30

X
X

X

X

X
X
X

X

X
X

RCT

0
40
943
1689

10
22
11

35
107
58
90
41
64
0
72

Women

X

X

X

X
X

RCT-PS PS - CS

X

X

X

Quasi
MM - OCS Prospective
Experimental
Cohort Study

Table 3: Research Setting, Sample Size, and Design

Note. † Female Only ~ Male Only; RCT = Randomized Controlled Trial; RCT-PS = Randomized Controlled Trial - Pilot Study; PS-CS = Pilot Study - Convenient Sample; MM-OBS = Mixed Method - Observational Cohort
Study

Diabetes Management Canada
20
10
Diabetes Management New Zealand
42
20
Diabetes Management United
19
8
Kingdom
~Ramachandran Diabetes Management India
537
537
Nundy
Diabetes Management United States
74
34
†Evans
Prenatal Care
United States
943
0
†Graham
Prevent Gestational
United States
1689
0
Weight Gain
Gustafson
Alcohol Relapse
United States
349
211
Prevention
†Lee
Cervical Cancer
United States
30
0
Screening
Newton
Physical Activity
United States
27
12
†Roth
HIV Risk Behavior
United States
26
0
†Suffoletto
Sex Risk Reduction
United States
52
0
Total
n=4,901 n=1,458

Health Domain

First Author
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24

29

as 20 to 1,689 participants . Six studies were tar7,9,22,29,30,32
geted only for women
, whereas only one
27
study focused solely on male participants .
Study Design
Also described in Table 3, the majority of the studies
6,8,9,17,18,21–23,27–29,31
were randomized trials (n=12)
;
followed by randomized controlled pilot studies
7,10,25
(n=3)
; convenience sample pilot studies
1,24
30
(n=2) ; quasi experimental (n=1) ; mixed method
11
observation cohort study (n=1) ; and prospective
32
cohort study (n=1) .
Behavior Change Strategies
Described in Table 4, across all studies, the overarching health behavioral change strategy emphasized
self-management, which included the following subtopics: self-monitoring, personalized feedback/tailored messages, social support and networking
groups, goal setting, skill building, and health edu1,6–11,17,18,21–25,27–32
cation
. Additional health behavior
change strategies applied throughout the interventions emphasized reinforcement though the use of
7,8,24,31
rewards and/or incentives
.
Features of Intervention Delivery
Also described in Table 4, the studies employed various methods of delivery and behavior change strategies. SMS-text messaging and mobile applications
were the most common. Fifteen studies (n=15) incorporated SMS-text messaging to either send reminders,
provide education, promote medication adherence,
or
obtain
data
via
survey
administra1,6,8–11,17,18,22,25,27,28,30–32
tion
. Five studies (n=5) used
7,21,23–25
mobile apps
. Four (n=4) studies included both
1,10,18,31
SMS-text messaging plus a website
. One (n=1)
study included both SMS-text messaging and a mobile
25
app . Professional and/or social support was also
provided through additional methods of intervention
delivery which included: video messaging, online
forums/support groups, blogs/online forums, pod
6,10,18,21,23,25,29,31
casts, print materials, and counseling
.
The frequency of SMS-text messages reported by
investigators varied greatly and ranged from 1- 4
messages sent per day compared to weekly or
monthly message schedules. Consequently, some
studies did not report the frequency of messages
8,27,28,30
sent or received,
which is critical to understanding intervention dose. At times, the use of
SMS-text messages were unidirectional (one-way
and were not intended to promote participant
response), resulting in the inability to capture
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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accurate levels of engagement . Of the studies that
tracked participant responses, the response rates
1,25
fluctuated from 48.8% - 57% even though 76% of
participants in one study chose to receive and partic1
ipate in interactive messages .
The second most commonly used technology platform included intervention specific websites.
However, websites were oftentimes used in conjunction with SMS-text messaging. Personalized/tailored
SMS-text messages were favored over general SMStext messages in promoting self-management practices. A collective critique of these interventions
from study participants were that general messages
were focused on broad goals such as weight loss,
healthier food choices, work-out regimens, and family planning tips and not focused on the individual’s
1,25
specific needs .
Outcome Variables
As noted in Tables 5-6, there were a wide-range of
outcomes measured by investigators. As a result, all
variables were classified into two categories, physical/behavioral measures and psychological measures. Frequently measured physical/behavioral
variables included: weight loss, anthropometric
measurements (weight/height, waist circumference,
BMI), food consumption/dietary intake, and physical activity. Additional variables of interest, cited
less frequently in this category included: body fat
percentage, current smoking status, abstinence, lipid
profile, body fat percentage, blood glucose, HbA1c,
insulin administration, risky sexual behavior, and
pap screening. Psychological outcome variables
included: self-perception, quality of life, and mood
were measured most frequently, whereas readiness,
self-care, attitude, coping, relatedness, and family
responsibility were less emphasized.
The effectiveness of mobile-based interventions varied. Because the studies included in this review
addressed multiple physical/behavioral and psychological variables across each health domain (i.e.
weight loss, smoking cessation, diabetes management) we analyzed the effectiveness of the intervention and mode of intervention delivery grouped by
health domain. The effectiveness of intervention
delivery is summarized in Table 7.

Weight loss interventions.

The majority of studies with a primary outcome
measure of weight loss reported no significant
7,8,21,23,25,31
differences
. However, Brindal et al. and
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Turner-McGrievy and Tate reported that the weight
lost by the participants in both groups at week eight
was clinically relevant (i.e., 5% or more of total body
7,23
weight loss) . Additionally, there were some psychological improvements such as mood and motivation of those in the intervention group compared to
7
the control group . Similarly, two studies reported
that although no significant differences in BMI were
found between the intervention group and control
group; both groups reduced their BMI by the end of
the intervention period compared to their baseline
8,25
measures . Lastly, Patrick et al. and Smith et al.
reported significant secondary outcomes (e.g., vegetable and fruit consumption, upper body muscular
endurance, resistance training skill competency, and
21,31
reduced sugar-sweetened beverage consumption)
. Overall results suggest that personalized feedback/
tailored SMS-text messages were key methods of
intervention delivery resulting in more positive
weight loss outcomes when compared to generalized
7,8,31
text messages
. Additionally, websites providing
education material and mobile apps allowing participants to track food consumption also positively
25,31
contributed to weight loss outcomes
.

Diabetes management interventions.

Of the five studies conducted to improve diabetes
management, one study reported improvements in
1
HbA1C and three studies reported improvements
in secondary outcome measures such as: evening
insulin administration doses, HDL cholesterol levels, blood glucose monitoring, foot care, exercise,
improved eating habits, and medication adher11,17,27
ence
. Cafazzo et al. reported that daily average
frequency of blood glucose measurement increased
24
by 50% ; Nundy et al. reported significant improvements in each of the major self-care domains measured
including
medication
adherence,
self-monitoring of blood glucose, foot care, exercise,
and nutrition, in addition to improvements in self11
efficacy, social support, and health beliefs . Louch
et al. noted moderate significance in administering
17
p.170
evening
insulin
injections
whereas
Ramachandran et al. found that the cumulative incidence rate of Type 2 Diabetes was lower in the intervention group compared to the control group and
found a significant intervention effect on HDL
27
cholesterol .
All of these studies were guided by different theories
and/or models, but emphasized the construct of
self-efficacy. This may suggest that theories and/or
models that focus on self-efficacy to promote
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self-management may be more beneficial in stimulating behavior change. Similar to the weight loss
interventions, personalized feedback/tailored SMStext messages resulted in better self-management of
1
one’s HbA1C . The inclusion of a website could not
be fully evaluated because the target study population had limited Internet access resulting in only
1
partial engagement with this feature .

Smoking cessation interventions.

Two studies targeted smoking cessation using personalized/tailored SMS-text messaging, yet only one
reported a significance difference in the primary outcome measure, smoking abstinence, reporting
6
increases of smoking abstinence at seven days .
Whittaker et al. also utilized video messaging, but
reported no significant differences in the intentionto-treat point prevalence abstinence (no smoking at
all in the past 7 days), which were recorded at 1
18
month, 3 months, and 6 months .

HIV and sexual risk interventions.

Roth et al. and Suffoletto et al. investigated HIV risk
22,32
and sexual risk, respectively . Both studies noted
positive differences in outcomes. Roth et al. found
that engagement with and disclosure of sexual
behaviors amongst female sex workers was positively
associated with the use of electronic diaries and self32
monitoring techniques . The study enabled the
identification of potential social, psychological, and
physical reasons resulting in high and/or low levels
32, p. 11
of sexual risk behaviors
. Additionally,
Suffoletto et al. reported a significant increase in
condom use in the intervention group over the control group from baseline to 3 months after an emer22, p. 389
gency room discharge
. Lee et al. reported that
personalized/tailored SMS-text messaging resulted
in a significant increase in participants’ knowledge
30
of cervical cancer and receipt of a Pap test .
Multiple theories and/or models informed these
interventions by focusing on not only self-efficacy,
but also motivation and risk. Using personalized/
tailored SMS-text messaging, researchers were able
to uncover sexual risk factors, increase health knowledge, and impact health seeking behaviors across
diverse populations.

Other areas (physical activity, recovery from
alcoholism, and prenatal care).

The remaining studies focused on physical activity,
alcohol relapse prevention and prenatal care and
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thus, were not grouped with the aforementioned
health domains. Newton et al. found significant
increases in physical activity and steps per day in both
of the intervention groups with no between group
differences. Secondary outcome measures included
BMI, waist circumference, and body fat percentage,
but did not show significant differences between or
10
within intervention groups . This suggests that generalized SMS-text messages although somewhat
effective may not be the most effective mode of intervention delivery to support physical activity. Similarly,
Evans et al. reported that generalized SMS-text messages only improved some target beliefs and attitudes
29
surrounding prenatal healthcare .
However, Gustafson et al. reported a lower mean
number of risky drinking days and a higher likelihood of consistent abstinence than participants in
28
the control group . Perhaps generalized SMS-text
messages enhance motivation and are a strong factor supporting more successful behavior changes
related to alcohol consumption. Lastly, Graham et
al. reported that over 85% of participants consistently accessed the intervention website, which
included informative articles, blog/online forums,
and tools to track gestational weight gain. This suggests that a website is also an effective platform to
29
engage study participants .
Engagement
Described in Table 8. engagement measurements
varied across all studies and was reported according
to satisfaction, acceptability, feasibility, and adherence. Data were frequently captured by administering surveys and/or interviews and collecting
metadata (i.e. timestamps, number of log-ins,
responses to SMS-text messages or in-app messages,
and interactions with app or web-based features).
Satisfaction with the program and mode of intervention delivery was reported by seven studies and
was generally measured by administering an end of
program survey, whereas one study conducted a
semi-structured phone interview. Overall satisfaction with mode of intervention delivery (SMS-text
messages) was positive. One study reported that 87%
of participants were either satisfied or very satisfied
6
(48/100, 48%) with program delivery ; whereas three
studies reported participant satisfaction rates as
1,24,30
high as 88%, 97% and 100%, respectively
.
Participants favored the frequency and timing
18,25
of SMS-text messages , but suggested that
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additional human contact, in-person or digitally via
online social networking groups, would have been
18
beneficial . Additional themes such as wanting
more personalized messages and possible integra24,25
tion with portable health devices also emerged .
This may suggest that not only do participants want
targeted messages in order to reach their goals, but
also prefer the convenience of using one integrated
system to address their health needs.
Acceptance of intervention delivery was also measured by six studies. Of those studies, four described
6,7,27,30
acceptance according to the intervention itself
,
whereas two studies described acceptance as it
22,32
related to digital data collection techniques
.
Brindal et al. found that in-app message prompting
supported continued engagement and a greater frequency of self-reported weigh-ins and dietary com7
pliance . Nundy et al. also reported that participants
felt that informational SMS-text messages aided in
(12, p.817)
organization and reinforcement
, whereas,
Ramachandran et al. reported that SMS text-messages were helpful with no more than 3% of study
participants suggesting that the messages were dis27
turbing them . Additionally, Lee et al. reported
that 97% of study participants would recommend
30
the intervention to friends . Roth et al. and
Suffoletto et al. found that study participants found
electronic diaries or questionnaires as an acceptable
approach to collect sensitive information, such as
22,32
risk assessments and track sexual risk behaviors
.
This may suggest that these techniques increase
comfortability and enhance disclosure of health
information.
Feasibility of implementing mobile interventions
was reported according to participant response
rates. Hebden et al. reported a low SMS-text message response rate, 48.8%, even though participants
reported being satisfied with frequency of messages
25
and emails received . Similarly, Smith et al.
reported that 44% of study participants self-
reported logging pedometer use sometimes, whereas
only 30% self-reported logging pedometer use
21
often . Dobson et al. reported that although 81%
of study participants agreed to receive reminder
messages, on average, each participant responded to
1
only 56% of messages received . Understanding the
relationship amid engagement metrics is complex,
especially when measured differently across studies.
Therefore, a key consideration may be to identify
motivating factors shared amongst study participants across health domains.
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Satisfaction
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Feasibility

X
X

X

X

X

X
X

Bock
Whittaker
Brindal
de Niet
Hebden
Patrick
Smith
Turner-McGrievy
Cafazzo
Dobson
Louch
Ramachandran
Nundy
Evans
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Gustafson
Lee
Newton
Roth
Suffoletto

X
X

Adherence

X

X
†X

X

X

X

X

X

X

X
X
X
X

X
X

X

Note. †Semistructured phone interview

Table 8: Engagement Metrics

Discussion

The purpose of this scoping review was to provide
a thorough description of current theoreticallydriven mobile-based interventions focused on
improving self-management behavior. Behavioral
theories and/or models were identified, features
and strategies of intervention delivery were recognized, and effectiveness and engagement were
described. Although all studies included at least
one behavior change theory/model, specific constructs were not always clearly defined, leaving its
application to the intervention obtuse. Theoretical
underpinnings are essential in the evaluation of
33
study approaches and design . Intervention mapping to constructs and their measures are important to determine which components contributed
to the outcomes, and which did not. Because theoretical constructs are not mutually exclusive to a
specific framework, we were unable to definitively
state which theory and/or model may be better
than the next. Studies also spanned a wide range
of behavioral/physical and psychological outcome
measures, which further limited our capacity to
collate and generalize overall findings. Moreover,
only 20 articles were included in this review.
Expanding the search criteria to more than four
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

academic search databases may have increased the
number of eligible studies.
Despite this variety, a few themes pertaining to
features of intervention delivery emerged.
Participants preferred tailored SMS-text messages
over general SMS-text messages. Participants
wanted to feel as though their individual needs
1,25
were the main focus of the intervention , perhaps supporting concepts of the Transtheoretical
Model, Social Cognitive Theory, and the Common
Sense Model. The utilization of a support group
or blogging feature via mobile-application or website forum emphasized by the Health Belief Model
was oftentimes noted as a motivating factor that
promoted continued use of the intervention.
Participants enjoyed the simulated group atmosphere that was provided in the form of blogging
6,18,21,29
and online discussions
. Survey data collection tools were acceptable, easy and convenient
way of initiating and maintaining contact with
study participants throughout the study period as
well as a way to collect follow-up data. Participants
reported that survey questionnaires were easy and
convenient to complete when promoted via SMS22,30,32
text messaging
.
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Due to the growing number of mobile-based interventions, additional intervention research grounded in
theory is needed. Beyond efficacy, there are many contextual factors that need to be considered that promote translation of an efficacious intervention into
practice and sustainability of intervention engagement. Such factors geographic location, ease of use,
usability, population of interest, and potential barriers
33
to usage . Although some investigators did capture a
few contextual factors of usage and engagement, these
variables may need to be explored in greater depth.
Future work should focus on the application of theory and how various implementation techniques
translate to the overall effectiveness of the intervention. Because the number of mobile-based interventions guided by theories and/or models is limited,
future studies are needed to clearly identify not only
applicable theories/models of behavior change, but
the specific constructs to determine which components are most effective and can be delivered remotely.
This further emphasizes the need to streamline links
between theory, intervention, and implementation.
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