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Abstract

Objective. Scalable nonpharmacologic treatment
options are needed for chronic pain conditions.
Migraine is an ideal condition to test smartphone-
based mind-body interventions (MBIs) because it is
a very prevalent, costly, disabling condition.
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Progressive muscle relaxation (PMR) is a standard-
ized, evidence-based MBI previously adapted
for smartphone applications for other conditions.
We sought to examine the usability of the
RELAXaHEAD application (app), which has a head-
ache diary and PMR capability.

Methods. Using the “Think Aloud” approach, we
iteratively beta-tested RELAXaHEAD in people
with migraine. Individual interviews were con-
ducted, audio-recorded, and transcribed. Using
Grounded Theory, we conducted thematic analysis.
Participants also were asked Likert scale questions
about satisfaction with the app and the PMR.

Results. Twelve subjects participated in the study.
The mean duration of the interviews (SD, range)
was 36 (11, 19-53) minutes. From the interviews,
four main themes emerged. People were most inter-
ested in app utility/practicality, user interface, app
functionality, and the potential utility of the PMR.
Participants reported that the daily diary was easy
to use (75%), was relevant for tracking headaches
(75%), maintained their interest and attention (75%),
and was easy to understand (83%). Ninety-two per-
cent of the participants would be happy to use the
app again. Participants reported that PMR main-
tained their interest and attention (75%) and im-
proved their stress and low mood (75%).

Conclusions. The RELAXaHEAD app may be ac-
ceptable and useful to migraine participants. Future
studies will examine the use of the RELAXaHEAD
app to deliver PMR to people with migraine in a low-
cost, scalable manner.

Key Words. Migraine;
Relaxation; mHealth; Smartphone;
Intervention
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Introduction

Research indicates that mind-body interventions (MBls),
including progressive muscle relaxation (PMR) and bio-
feedback, are effective treatments for a wide range of
conditions. They can help manage chronic pain and re-
duce stress, insomnia, and depression [1]. Moreover,
they are safe, and PMR has grade A evidence for mi-
graine prevention [2,3]. However, access to evidence-
based MBI administered by a therapist in an in-person
setting is limited [4]. The proliferation of mHealth smart-
phone applications provides a potential solution to ac-
cess to behavioral treatments. Many of these apps are
available for help with self-management of chronic con-
ditions including chronic pain conditions such as mi-
graine and associated symptoms such as depression,
anxiety, and insomnia. Thus, smartphone-based, elec-
tronically delivered MBIs developed for chronic pain
conditions might be used as a scalable method for
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delivering evidence-based MBlIs. However, the majority
of mHealth apps are untested, and their effectiveness is
unknown [5,6]. Many lack the input of patients and clini-
cians in their development [7]. In fact, in a systematic
review of smartphone applications for chronic pain, 66%
of the apps did not include health care professionals in
the development of the app, and few had evidence-
based features [8]. In a review of commercially available
headache diary apps, only 18% of the apps were devel-
oped with scientific or clinical expertise [9].

Given its high prevalence and rates of disability, mi-
graine is an ideal condition to test smartphone-based
MBIs. Despite the availability of more than 100 head-
ache apps, including some that purport to treat head-
ache with MBI, limited data exist on the usability of
smartphone applications with MBIs for migraine [10].
Research has already shown that patients prefer smart-
phone apps with electronic headache diaries to paper
diaries and that smartphone headache diaries are a reli-
able method for data collection [11]. Yet most headache
studies involving electronic diaries with MBls were done
without smartphone capability [10].

We developed the RELAXaHEAD app based on the app
used in the Stress Management in Living with Epilepsy
(SMILE) study [12]. The SMILE study accessed smart-
phone-based PMR in epilepsy patients. The
RELAXaHEAD app has the same PMR as the SMILE
study but also includes a daily headache diary. The
electronic daily diary platform was co-developed with
Irody, using their electronic diary platform and cloud-
based technology [13]. Given the benefits (increased uti-
lization, satisfaction, and usability) of engaging users in
the design and development of health information tech-
nology systems, we sought to apply the usability testing
guidelines [14] to assess the initial impressions of mi-
graine patients as they navigate the app on their own.
Thus, we sought to iteratively evaluate the usability of
the Android smartphone application RELAXaHEAD.

Methods
Overview

This study is part of an optimization process for
RELAXaHEAD, a smartphone e-diary and PMR-based
intervention for migraine. We had participants with mi-
graine interact with an operational app while observed
by study research staff. We recorded their thoughts and
observed their behavior in real time on a single occasion
and summarized their experience and our observations.

This study was conducted at the NYU Langone Medical
Center, a large urban medical center in New York City.
The study had NYU Institutional Review Board approval.
People who self-identified with migraine who were affili-
ated with the NYU Departments of Neurology and
Emergency Medicine (either as patients or as staff) were
invited to participate in the study. Convenience sampling
was used until data saturation was reached.
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Participants were taken through each screen once and asked to think aloud when viewing the screen.

Figure 1 RELAXaHEAD app screens show the diary tab (A) where users were asked to enter information about
their headache, sleep, medication side effect, notes, menstrual cycle (B), and medicine report (C). The medication
tab (D) includes both abortive and daily preventive migraine medications, including routes of administration (E), dos-
ing, and timing (F). There is also the option of injections given by medical professionals, for example, nerve blocks,
onabotuinum toxin. The app also gives users the option to track nonmigraine medications. Monthly surveys (G) can
ne completed anytime but participants are prompted to complete them when they are due. The help tab (H) includes

a link to a data report which can be viewed by the user and shared with a healthcare provider.

Background on the App

The RELAXaHEAD app consists of an electronic head-
ache diary with the option to deliver PMR. When the
app is opened, users indicate whether they have had a
headache. If present, details regarding the headache
are recorded including pain intensity and duration.
Within the sleep icon, users respond to validated sleep
questions, for example, time in bed, self-reported time
asleep, and measures of sleep quality from the
Consensus Sleep Diary. Users also input the medica-
tions taken and medication side effects. The
RELAXaHEAD app allows the use of reminders and
timely follow-up of noncompliant participants via real-
time investigator data monitoring capabilities. Users can
receive a patient report to share with their provider.
There are two PMR audio files embedded in the

RELAXaHEAD app. One is a short version (approxi-
mately five minutes), and the other is a longer version
(approximately 15 minutes). Users are instructed that in
the prior SMILE study [12], patients were instructed to
do the PMR for 20minutes a day. Our RELAXaHEAD
app has backend analytics built-in to record the amount
of time spent playing the PMR. Screenshots can be
found in Figure 1.

Think Aloud Methodology

Using usability testing methods, MTM (a board-certified
neurologist-subspecialty trained and certified headache
specialist) and AB (a research assistant trained by MTM
in the conduct of headache research) conducted face-
to-face interviews with audio-recordings to capture how
the users carry out representative tasks; for example,
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entry of daily headache diary data, medications used,
and sleep data. During the recordings, using a scripted
protocol, they used the “Think Aloud” approach [15],
whereby users’ comments were recorded and coded
while they thought aloud and used RELAXaHEAD. The
Think Aloud script used in the study can be found in the
Supplementary Data. Observations could be made
about any issues the end users confronted during the
study. The audio was fully transcribed and coded.
Interviews were conducted until data saturation was
reached. General thematic analysis was used to analyze
the content of the transcripts, allowing themes and sub-
themes to emerge iteratively from the transcripts.
Contextual evaluation was accomplished as two authors
(AJ and EO) individually created a list of codes for each
transcript and then collaboratively compared and agreed
upon codes across all reviewed studies. To ensure the
trustworthiness of the findings, the third author (MTM)—
who has expertise in headache medicine and
mHealth—independently evaluated the transcripts and
analysis and provided feedback to enhance the rigor of
the overall approach.

Quantitative Analyses

At the end of the interview, the participants were asked
Likert-scaled questions about satisfaction with the app
and the PMR. Descriptive analyses were conducted in
Excel.

Results

There were 12 participants who completed the Think
Aloud protocol, all of whom were over 18years of age
and first-time users of the RELAXaHEAD application.
Ten of the participants were willing to complete a survey
about their demographics, headaches, and more
(Appendix). The 11th participant was willing to share in-
formation about smartphone type and prior smartphone
app use for headaches and behavioral treatment but
not additional information.

The feedback provided during the interviews conducted
between February and March 2017 allowed for multiple
iterations of the app. The length of the interviews ranged
from 19 to 53 minutes. The mean duration of the inter-
views (SD) was 36 (11) minutes. Table 1 shows partici-
pant demographics, headache characteristics, and prior
health care and smartphone app utilization. The partici-
pants were predominantly female (80%). The mean age
(range) was 37.5*15.97 (20-74) years. Participants
started experiencing headaches between the ages of
nine and 34 years. Thirty percent of the participants
reported doing behavioral therapy/MBI for migraine
(20% Cognitive Behavioral Therapy and 10% PMR).
Among the 11 participants who responded, 10 (91%)
reported that they had never used a smartphone app
for headaches, and nine (82%) reported never using a
smartphone app for behavioral treatments like
relaxation.
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Participants were also asked to complete questions re-
garding their satisfaction with their experience using the
app, daily diary, and the PMR. Of the 12 participants,
75% thought the daily diary was easy to use, 75%
agreed that it was relevant to help track their head-
aches, 83% thought the information in the app was
easy to understand, and 75% agreed that the app kept
their interest and attention during the session. Ninety-
two percent of the participants indicated that they would
be happy to use the app again. Regarding the PMR,
75% agreed when asked whether it helped improve
their stress and low mood, and 83% thought the PMR
taught them skills to help handle future problems. The
PMR kept the interest and attention of 75% of the
participants.

The hierarchy of coding taxonomy, a description of
each theme and supporting quotations, is shown in
Table 2. Five themes emerged from the study: app aes-
thetic/appearance, app functionality, app utility/practical-
ity, opinions of PMR, and other (personal reactions). As
the “Think Aloud” interviews were conducted, users did
not comment on certain factors of the application be-
cause they had already been modified. (The research
team was constantly making adjustments to the appli-
cation based on the feedback of the participants during
the beta testing period, e.g., addition of other medica-
tion side effects.)

Discussion

This study examined the user experience with the
RELAXaHEAD smartphone application. Although many
mHealth apps already exist, there are few that are medi-
cally validated or developed with patient feedback in
mind [5]. Thus, this study represents the initial steps in
an effort to fill this void and create a smartphone tool
with an MBI that is developed with headache specialist,
psychologist, and patient input, and that can be further
evaluated in trials to assess whether an app with the
evidence-based PMR therapy can be successfully deliv-
ered to people with migraine. There was an overall con-
sensus that the early version of the RELAXaHEAD app
is acceptable to migraine participants; they perceive it
as helpful in tracking migraine information and see the
potential for the PMR in the app.

Migraine Diary

The diary feature of the app proved useful and easy to
use for participants to input data. Our findings that
many participants valued the mobile diary are consistent
and in line with prior evidence that examined headache
diaries in electronic formats. Studies have shown that
mobile headache diaries are more efficient than paper
headache diaries and are generally preferred by
patients, with mobile diaries eliciting greater headache
diary compliance. In our study, the majority of the par-
ticipants agreed that the application has clear screen
visibility, and the various icons were understandable. As
stated earlier, the research team was constantly making
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Table 1 Participant demographics, headache characteristics, and prior health care and smartphone
app utilization

Participant Information N=10

Gender, % female/% male 80/20

Age

Current, mean = SD [range], y

Started having headaches, mean = SD [range], ¥
Race/ethnicity

White/Caucasian, No. (%)

Asian or Pacific Islander, No. (%)

Hispanic, No. (%)

Black, No. (%)
Headache characteristics

Average No. of headache d/mo, mean = SD [range]

37.5 + 15.97 [20—74]
19.7 + 8.1 [9-34]

(70)
(10)
(10)
10 (10)
N =10
7.6+7.2[1-22

—_ aa

Average pain intensity (0-10 pain scale), mean = SD [range]

7.3+1.4[5-10]

Current pain intensity (0—10 pain scale), mean = SD [range] 3.3+2.9[0-8]
Headache health care utilization N =10
Do you see a physician in an office for your headaches?
No, No. (%) 6 (60)
Yes, No. (%) 4 (40)
Is the physician a neurologist?
Neurologist, No. (%) 3 (30)

Have you previously been to the emergency department for headaches?
No visits to the ED, No. (%) 7 (
3 times, No. (%) 1(
5 times, No. (%) 1(
>20 times, No. (%) 1(
Have you previously done any of the behavioral therapies for migraine

Cognitive Behavioral Therapy, No. (%) 2 (20)
Biofeedback, No. (%) 0 (0)
Progressive muscle relaxation, No. (%) 1(10)
Smartphone app usage N =12
Own an iPhone, No. (%) 9 (75)
Own an Android, No. (%) 3 (25)
Age when first owned a smartphone N =10
Range, y 15-60
Mean, y 31.6
SD, y 14.8
Have you ever used a smartphone app for your headaches? N =11
No, No. (%) 10 (91)

Yes, No. (%) 1
Have you ever used a smartphone app for behavioral treatments like relaxation? N
No, No. (%) 9
Yes, No. (%) 2

There were 12 participants who completed the Think Aloud protocol. Ten of the participants were willing to complete a survey
about their demographics, headaches, and more. The 11th participant was willing to share information about smartphone type
and prior smartphone app use for headaches and behavioral treatment but not additional information.

ED = emergency department.

adjustments to the application based on the feedback note, there were two suggestions not completely

of the participants during the beta testing period.
Therefore, participants toward the end of the interview
period did not comment on certain factors of the appli-
cation because they had already been modified. Of

adapted in the iterative process. 1) Several participants
suggested a food tab on the application, noting that
they wanted to determine whether certain foods might
be migraine triggers. We addressed this by adding a
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Table 2 Themes and coding taxonomy

App Utility/Practicality

(This section includes participants’ comments on
which sections of the app they found useful and
relevant to tracking their migraines.)

“I like the idea of keeping a diary because | know
that’s the way for people to narrow down the trig-
gers and then help yourself, and also | think they
will be good if you can share like with your physi-
cian when you see them.”

“When someone goes to a neurologist or headache
specialist, um, you really want to have some criti-
cal information for your next visit.”

“I like the notation area because it's never-ending
S0 you can add any notes or make your own
headache calendar or whatever you need to
do when you have a headache and how it
affected you.”

User Interface

(Encompasses the similarities and some differences
among the comments and suggestions partici-
pants made about the overall appearance of the
RELAXaHEAD app.)

(Approximately 70% of the participants thought the
app had clear screen visibility.)

“I think the icons are really clear.”

“The headache one, | think is really nice. That sym-
bol, that’s very clear that's a headache.”

“The intensity part is really clear and easy to
use.. .. | can move the bar back and forth really
easily. . .so that’s great.”

App Functionality

(Includes comments on the functions of different
tabs in the icon. This theme encompasses five
subthemes.)

“The list of medications is very helpful because it
reminds me to take them during a busy day.”

“That you could write it if took the medicine or
missed it or took extra. | would never remember if
| took one or not, like, that is genius. | need one
of these. | need this part of the app.”

Help Tab’s
Usefulness

Ability to
Use Diary

Information easy to understand and relevant (1)

Diary is useful (1)

Med tracking useful (1)

Notes section is a good idea (2)

Menstrual cycle tracking useful

Good for train ride (1)

Thinks the app will help prevent migraine — maybe
helpful (1)

Useful for people who want to keep track of
migraines for themselves and/or physician (1)

Diary is useful and clear — good to show neurologist
4)

Diary is useful and clear (5)

Useful organizing headache events (1)

Inquired about not seeing statements or sugges-
tions of how to reduce or prevent/avoid
headache (1)

Good instructions on help tab (1)

Help tab is clear (2)

State in case of emergency, call 911 or go to the
ED within the app — add 911/ED (1)

Help tab unclear (1)

Help tab initially unclear, gets more clear with
practice (1)

App easy to use (5)

Include feedback on how patient is doing (2)

App is unclear; needs practice (1)

Clarify purpose of app — for patient or doctor (1)

Have app calculate sleep duration (4)

Unclear if headache data are hours or minutes (2)

Headache icon easy to find (1)

Suggestion to add instructions to home screen (1)

Provide information and instruction for each icon (1)

Bigger difference between headache and head-
ache-free icon (2)

Include a food tab (4)

Include a back button (2)

Uload voice audio files to notes section instead of
typing notes (1)

Include intensity of headache (2)

Include options for indicating a reoccurring head-
ache within a single day (2)

Arrange app in a calendar format (1)

Include tracker for possible triggers (2)

374

(continued)



Opinions on PMR

(Included any comments made about the PMR.)

“With a technique like that, it may be helpful; | re-
ally think so.”

“With the relaxation thing, when she was first say-
ing like the length of time to breathe, | was like |
can'’t breathe any long[er]. But then as | relax[ed],
it became much much easier to relax, so genu-
inely | think it helped me relax. | think slightly it
had helped my headache. I'm surprised it was five
minutes. If it was like longer but in a nice way, um,
I would definitely use it.”

“The train ride, to and from work, that's the oppor-
tunity that | have to listen to the app.”

“I like how it's spaced out, it has the time for you to
do that...and that way you don’t have to count
how many seconds.”

Other (Personal Reactions)

(Included any other comments that did not fall under
the four previous themes. For instance, one partici-
pant thought the app would be a good alternative

Novel Smartphone Application for Migraine Management

Medication
Tracking

Notes Entry

Survey Tab

Side Effects
Tracking

Medication reminder helpful and useful (2)

Easy to enter medicine manually (1)

Suggestion for an option to put still taking
medication (1)

Medication tab for ED medicines (1)

Unclear if medications are just for headaches (3)

Cannot enter dosage for Topamax or Ambien (1)

Additional medication tab instructions (1)

Need further clarification on how to enter med
type (1)

Incorrect spelling of medication (1)

Include a way to link medication with side
effects (4)

Preset list of medications (3)

Reason for changing medicine unclear/add other
option for reason for changing med (5)

Unclear what to write in notes (1)
Instructions and include suggestions for notes
tab (1)

Unclear about “Generalized Anxiety Disorder” (1)
Survey icon clear (3)

Doesn’t see purpose of monthly surveys (2)
Likes length of time between surveys (1)

Med side effects are clear, not kidney failure, Gl
bleeding (9)

Wanted more options for side effects (1)

Suggestion to add additional side effects: nausea,
stomach discomfort, shakiness, and mental
confusion (7)

Side effect icon unclear (1)

Side effects unclear; tingling numbness (1)

PMR is interesting and useful and helpful (8)
PMR is relaxing (4)

Helps to localize pain/tension (1)

PMR has good audio spacing (1)

Likes short PMR (1)

Include music in the PMR (2)

Likes accessibility of app being on phone (1)

App good alternative to keeping personal diary (1)
Likes headache-free icon (1)

Likes sliding scale for headache intensity (1)

(continued)

375



Minen et al.

for keeping a personal diary, while another liked
the accessibility of the app being on the phone.)
“Again, with a phone, it would be so much easier to
just put it, you just, you know, open up your phone
and write it down.”
“And the menstrual cycle, | like that because | don’t
keep a track of. . .spotting or bleeding.

Likes in bed vs asleep wording (2)

Likes cycle tab (2)

Likes medicines tab (1)

Likes medication reminder (1)

Likes notes (1)

Likes link to NYU site (1)

Doesn't like taking medications (1)

Completing the app could depend on the severity of
the headache (1)

Notes section. However, we did not create a tab specif-
ically for food triggers because, based on expert opin-
ion, we did not think that would be most appropriate. 2)
Four participants made a suggestion for the app to
auto-calculate sleep duration, based on the start time
and end time that they input. Our team considered this
suggestion but did not implement the feature as we felt
that time in bed is not necessarily the same as actual
time asleep.

MBI-Progressive Muscle Relaxation

This study is one of the few that evaluates the mobile
delivery of MBIs for headache. PMR was positively
viewed by participants, with the top three descriptors
for this section being interesting, useful, and helpful. In
terms of the satisfaction questions, 75% stated that the
PMR kept their interest, and 83% stated that they would
be happy to do it again. This indicates that the smart-
phone-delivered PMR is a promising method for mi-
graine patients.

Strengths

The authors felt that this study reached a level of data
saturation with the 12 participants. The first evidence of
this is being able to fit all the codes into five themes. On
a more specific level, many of the participants’ com-
ments fit into the same codes because their comments
and opinions were closely related. Even if the study had
more participants, the results would likely have been the
same. Another strength of the study was the large age
range among the participants, which allowed for greater
variation.

Limitations

There are several limitations in the preliminary develop-
ment and assessment of the RELAXaHEAD app, and
they mainly focus on generalizability. 1) Only one subject
had previously used an app for their headaches, and
only two subjects had used an app for behavioral treat-
ments like relaxation. Thus, since most subjects had
never used a headache app before, it may be hard to
distinguish whether subjects liked the concept of using
an app for headache management vs liked the
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RELAXaHEAD app specifically. 2) There may have been
some selection bias with the satisfaction data; subjects
were unblinded and were comprised of clinical staff and
patients. In addition, subjects were recruited from the
same medical center.

Future Directions

We plan to study the acceptability and feasibility of us-
ing the RELAXaHEAD app in migraine patients. In this
way, we will study compliance and engagement with
the app and examine techniques to improve compli-
ance. Using RELAXaHEAD, we seek to determine
whether we might be able to offer a low-cost, easy-to-
access, scalable MBI to people with migraine in various
medical settings.

Conclusions

The RELAXaHEAD app may be acceptable and useful
to people with migraine. Future studies will examine the
use of the RELAXaHEAD app to deliver PMR to people
with migraine in a low-cost, scalable manner.
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