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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.
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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
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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
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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
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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.
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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
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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.
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