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Abstract

Background: Headaches are prevalent among teens and young adults. Self-monitoring is essential for managing headaches and
can be accomplished with the help of electronic headache diaries. An increasing number of electronic headache diaries exist, yet
the absence of quality standards compromises their use for research and clinical purposes.

Objective: Our goal was to develop and test the usahility, feasibility, and psychometric properties of an electronic diary iPhone
application for self-monitoring by adolescents and young adults with headaches.

Methods: We used an iterative participatory design to develop and test our electronic headache diary. Participants aged 14-28
years old with recurrent headaches were recruited internationally. Screening and consent were conducted online. Following
completion of an online pre-questionnaire, participants downloaded the diary to usein their natural environment for 14 days. An
online post-questionnaire was completed following testing. The diary’s usability and feasibility were tested first and determined
to be complete when improvements to the diary did not result in a statistically significant impact on indicators of feasibility and
adherence. Interviews were conducted with participants of usability and feasibility testing. The psychometric properties of the
diary were then tested, and a case study analysis of one participant was compl eted.

Results. Threecyclesto test the usability and feasibility were conducted. Each cycleincluded 11-19 unique participants ranging
in age from 16 to 28 years. Following the testing period for each cycle, 15% to 25% of participants took part in the post-cycle
interview. Participants perceived thefinal version of thediary asuseful, easy tolearn, and efficient to use. Psychometric properties
were then tested with a sample of 65 participants (6 aged 14-17 years old; 59 aged 18-28 years old). All items in the diary had
substantial between- and within-subjects variability (percent of variance for the two participant groups ranged from 20.64 to
75.60 and 23.74 to 79.21, respectively). Moreover, the Migraine Disability Assessment (MIDAS) included in the diary had
adequate between-subjects rdiability (R1F=0.66, RKF=0.98), but low within-subjects reliability (RC=0.51). Critical elements
of the diary demonstrated adequate convergent and concurrent validity, particularly in the older age group (18-28 years). The
validity of some critical elements of the diary could not be explored in the younger age group due to the small subgroup size.
The case study provides an example of the potential utility of the diary.
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Conclusions: Our electronic headache diary was shown to be a usable and feasibl e sel f-monitoring tool when used by adolescents
and young adults with headaches for 14 days. This study provides preliminary support of its psychometric properties. Our diary
has the potential for helping users to better understand their headaches and, consequently, to change behaviors to improve
self-management of their headaches. Its effectiveness as a component of an intervention will be the focus of future research.

(JMIR mHealth uHealth 2015;3(2):€39) doi: 10.2196/mhealth.3879
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Introduction

Tension-type headache (HA) and migraine are ranked as the
second and third most common diseases in the world, affecting
20.8% and 14.7% of the world population, respectively [1].
Migraineisranked asthe eighth leading cause for disability [1].
Dueto the burden of these conditions, effort toward improving
care iswarranted.

Consistent with the International Headache Society guidelines
[2], health care professionals often advise diary use to
self-monitor headaches [3,4]. Self-monitoring enables
recognition of temporal behavior patterns, alows individuals
to become informed and actively self-manage headaches,
facilitates treatment decision-making and treatment tailoring,
and offers ameasure of treatment efficacy [5]. Self-monitoring
isparticularly useful for peoplewith recurrent headaches, whose
episodes usually occur in response to unrecognized triggers[6].
Diaries can help individuals understand headache patterns and
identify triggers [7], which is a basic treatment strategy for
headaches [8,9]. Behavioral management of these triggers can
result in fewer headaches [10]. Findings from meta-analyses
indicate that behavioral interventions, usually including
self-monitoring, are also effective at reducing headaches [11].

In addition to the clinical advantages of self-monitoring with
headache management, diaries also have research benefits.
Diaries allow researchers to test hypotheses of within-subject
relations over time as an extension of prior cross-sectional
research (eg, finding whether headache episodes morelikely to
occur in the context of a putative trigger) [12,13].

While paper diaries have long been used for self-monitoring
headaches [14], advances in technology have afforded
widespread use of electronic diaries (e-diaries) [10,15-18].
E-diaries offer several advantages, including increased
adherence, accuracy, acceptability, and efficiency [14,18-21].
Two recent systematic reviews identified 5 e-diaries used in
research [22] and 38 in Canadian mobile app storesfor iOS and
Android platforms [23]. The quality of these self-monitoring
tools is questionable in the absence of any existing standards.
Current headache e-diaries have several limitations, including
not using a participatory design [24], recording insufficient data
to provide understanding of headache patterns, lacking evidence
that demonstrates feasibility and psychometric properties, and
lacking research on the impact of these diaries on health
outcomes[11,22].

http:/mhealthjmir.org/2015/2/e39/

Our overall goal was to create a usable, feasible, and
psychometrically sound electronic headache diary for people
aged between 14 and 28 years old who have recurrent headaches
that also overcame some of theidentified wesknesses of existing
diaries. The specific objectives of this study were to: (1) test
and improve the usability and feasibility of anew iPhone-based
diary in terms of adherence, learnability, acceptability,
efficiency, and accuracy through the use of iterative cycles; (2)
test the psychometric properties (eg, reliability/convergent and
concurrent validity) of this diary when used for assessment
purposes; and (3) illustrateits potential utility with a case study
analysis.

Methods

Overview

Participants were dligible if they self-identified as: (1) being
aged 14-28; (2) having proficiency with English speaking,
reading, and writing; (3) having a headache frequency of 2 or
more episodes each month for the last 3 months; and (4) owning
an iPhone with a data plan or wireless Internet access.
Participants were excluded if they self-identified as having: (1)
cognitive and/or developmental delays;, (2) not visited a
physician to exclude an organic disorder or traumatic injury as
the cause for their headaches, and/or (3) significant visua
impairment or blindness. Participants who consented but did
not complete the pre-assessment questionnaire were also
excluded.

Concept and Development Process of the Electronic
Headache Diary

Severa stepsweretaken to create our electronic headache diary
application (see Figure 1). Once diary items and features were
well-defined, an iterative process that involved 3 cycles of
designing, testing, reviewing, and refining the e-diary app was
followed. Initially, low-fidelity paper diary prototypes, followed
by high-fidelity software-based diary prototypes, were tested
with volunteersin thelab. Potential end userswerethen involved
in 3iterative cycles of testing high-fidelity, software-based diary
prototypes in participants natural environments. The final
high-fidelity prototype was used to test the psychometric
properties of the diary. The evaluation of the diary with potential
end users during the iterative cycle phase is the focus of this
Mmanuscript.
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Figure 1. Defining the concept of myWHI diary.
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Systematic reviews of headache e-diaries: diary
structure, content, and interface [22,23]

Focus group study: We explored what potential
users wanted to see in a diary [25]

—

First draft of diary items

v

Evaluation of relevance, clarity of the items, and possible missing
items through an online survey of 6 headache experts

\

Second draft of diary items

!

Evaluation of relevance, clarity of items, and possible missing items
through an online survey of 10 individuals with headaches

!

Third draft of diary items

Evaluation of the Usability, Feasibility, and
Psychometric Properties of the Diary

Participants involved in usability/feasibility testing and
psychometric properties testing followed the same procedure
unless indicated. Participants were recruited internationally
through online advertisements on social networks, classified
ads, and mailing lists. We used an automated Web-based system
for efficient online screening and consent that closely mimicked
the electronic signup process that will be followed when the
application isreleased to the public. Potential participantswere
asked screening questions by the automated system. Those
identified as eligible were automatically asked to provide online
consent (assent and parent authorization if between 14-16 years
old). If consent was provided, an online pre-questionnaire was
completed. The researcher then emailed each new participant
with instructions for downloading the iPhone application along
with the request to use the diary for 14 days. After this testing
period, an online post-questionnaire was completed and 15%
to 25% of participantsinvolved in the usability/feasibility testing
wererandomly selected for a45-minute, end-of-study interview
via phone or Skype. Participants involved in psychometric
testing were not interviewed. Participants were reimbursed for
their time. Thisstudy was approved by the WK Health Centre's
Research Ethics Board.

Measures

Electronic Headache Diary

Our electronic headache diary was called the myWireless
Headache Intervention diary (myWHI diary). It was designed

http:/mhealthjmir.org/2015/2/e39/

to help users become more aware of headache symptoms and
patterns. It tracks temporal, sensory, and affective aspects of
headaches, and headaches impact on daily life, potential
triggers, and coping behaviors. The diary incorporates ad-hoc
and validated paper measures (ie, MIDAS/PedMIDAS and
NRS-11). It includes outcome measures recommended by
IMMPACT, PediIMMPACT [25-27], and guidelines for both
pharmacological and behavioral clinical trials of headache
[28-30] to facilitate use of the diary in ascientific trial context.
The diary encourages users to complete a headache entry for
every headache. First, users report occurrence by specifying
start time, initial intensity, starting location, potential trigger(s),
and prior symptoms (Figure 2.1). At the end of the headache,
users are encouraged to report ending time, headache quality,
highest pain intensity, level of unpleasantness, associated
symptoms, change in headache location, and medication taken
or strategies utilized to cope with the headache. At the end of
each day, regardless of whether they had a headache, users are
asked to enter additional information into the daily diary (eg,
overall mood, hours and quality of sleep; see Figure 2.2). In
addition, participants record headacheimpact on daily activities
if aheadache occurred that day. Asall items are optional, users
can keep track of information most relevant to them. The diary
provides visual graphs of headaches over time in terms of
occurrence, intensity, duration, and level of headache-related
interference in daily functioning. To highlight potential causal
relationships, users can also see how these parametersarerelated
with the tracked potential triggers (Figure 2.3).
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Figure 2. Screenshots of the myWHI diary interface. 2.1 Headache entry 2.2 Daily diary entry 2.3 Reports.
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Pre-questionnaire

A closed-ended questionnaire gathered demographics, iPhone
usage, and headache characteristics. Based on headache
characteristics and considering the International Headache
Classification (IHC) criteria [31], participants were classified
as having migraine-like headaches, tension-like headaches,
mixed headaches (meeting criteria for both migraine-like and
tension-like headaches), or unclassified headaches.

Post-questionnaire

A closed-ended questionnaire was administered to participants
of usability/feasibility testing and psychometric testing. The
questions posed to the 2 testing groups were different, as
explained below.

Post-Questionnaire for Usability/feasibility Testing
This questionnaire evaluated the diary in terms of helpfulness,

usefulness, efficiency, visual appeal, and ability to be understood
through ad-hoc questions.

Post-Questionnaire for Psychometric Testing
This questionnaire included the following standardized tools:

1. The Numerica Rating Scale (NRS-11): An 11-point
self-report pain intensity scale commonly used. It has been
psychometrically tested in children aged 8 years and above,
adolescents [32], and adults [33,34].

2. The Menta Hedth Inventory-5 (MHI-5): A 5-item
self-report measure to assess psychological distress during
the past month [35]. A higher score indicates better mental

http:/mhealthjmir.org/2015/2/e39/

RenderX

health. MHI-5 has repeatedly been shown to be valid and
reliable in adolescents and adults [36,37].

3. The Patient Reported Outcomes Information M easurement
System (PROMIS) Short Form—Sleep Disturbance (adult
version): A measure developed to assess the qualitative
aspects of sleep. Its psychometric properties have been
shown to be vaid for adults [38]. This scale was
administered to participants aged 18 years and over.

4. The PROMIS Short Form—Pain Interference (adult
version): An 8-item self-report measure to assess
pain-related interference with: (1) physical functioning, (2)
psychological functioning, and (3) socia functioning. It
has been tested in adults[39]. This scale was administered
to participants aged 18 years and over.

5. The Sleep/Wake Behavior Problems Scale of the Sleep
Habits Survey, a scale that evaluates erratic sleep/wake
behaviors [40], and the PROMIS Pediatric Short
Form—Pain Interference (child version), an 8-item
self-report measure to assess pain-related interference with
functioning [41], were administered to participants between
age 14 and 17 years old. However, this information was
not used in our analyses due to the reduced number of
participants between the ages of 14 and 17 years old (see
results).

End-of-study interview

A semi-structured interview administered to 15% to 25% of
participantsinvolved in each cycle of usability/feasibility testing
was facilitated by one researcher guided by a script. The
guestions focused on the participants’ experiences using the
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diary, including barriers, usefulness, burdens, goals, and
suggestions for improvement.

Data Analytic Strategy

Usability and Feasibility Testing of the Diary

Analysis was exploratory in nature. Using SPSS 20 predictive
analytics software, descriptive statistics (median and range)
were calculated for pre- and post-assessment data. Usage of the
diary was automatically collected from the system.
Mann-Whitney U and Chi-square tests were used to evaluate
differences between consecutive testing cycles for continuous
and categorical variables used as indicators of feasibility and
adherence. We used non-parametric methods and report the
median (mdn) instead of the mean because of our small sample
size. Qualitative data collected through end-of-study interviews
were transcribed, coded, and analyzed using an inductive
thematic analysis[42].

Psychometric Properties Testing of the Diary

We hypothesized that the diary would be reliable and the most
essential  components of the diary would be valid. We
hypothesized that convergent construct validity would be
supported by high correlations between the data derived from
theitems of the diary that assess headache occurrence, intensity,
unpleasantness, mood, and sleep and headache impact, with
data obtained through questions asking for the sameinformation
retrospectively mostly using well-established single-point
measures. We also hypothesized that if the most essential parts
of diary had concurrent validity then agood number of variables
collected through the diary would be correlated with other
single-point measuresthat assessrelated constructs. Specificaly,
we hypothesized that the total number of headache episodes,
total headache time, highest headache intensity, and
unpleasantness of headaches would be moderately to strongly
related to levels of pain-related interference, sleep-related
impairment, and emotional functioning as assessed
retrospectively through well-established single-point measures.

Reliability of most variables measured by the diary was assessed
using generalizability theory analysis. Following Cranford et
al [43] we used generdizability theory to decompose the
variance of daily variables and to calculate reliability estimates
using VARCOMP procedures in SPSS 20. For single-item
variables, variance was decomposed into person, day, and
person-by-day components. The person component represents
the between-subjects portion of the variancethat remainsstable
acrossall 14 days, and the person-by-day component represents
the within-subjects component that varies by day. Thus, a
variable with a high proportion of person variance is highly

http:/mhealthjmir.org/2015/2/e39/
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stable over time, which is analogous to having high test-retest
reliability. Because MIDAS/PedMIDAS, which measures the
impact of headache on the subject’s daily functioning, is a
multi-item measure, the variance was decomposed into person,
day, item, person-by-day, person-by-item, day-by-item, and
error variability. Thisinformation isused to cal culate 3 estimates
of between- and within-subjectsreliability [43]. R;g isequivalent
to calculating Cronbach’'s alpha for each of the 14 days
separately, and taking the average of all 14 alphas. Ryg values
are equivalent to averaging all 14 days of data into a single
composite index, then calculating Cronbach’s alpha once. R
values represent within-subjects reliability, which represents
the precision of the measure for measuring systematic variance
from day-to-day.

The convergent construct validity and criterion validity of the
diary were assessed by correlating several items of the diary
with well-established 1-point measures. Because diagnostics
(ie, kurtosis, skewness, histograms, P-P plots) suggested many
variables were non-normally distributed, we used Spearman’s
rank-order correlation coefficient (rg). Cohen’s criterion (small
=0.10; medium = 0.30; large = 0.50; Cohen et al [44]) wasused
tointerpret effect sizes. Variablesfrom the diary were combined
across al 14 days into a single value per participant using
various functions (eg, sums, averages, maximum value) to
facilitate comparison with variables measured only once. A fulll
list of all convergent and criterion validity tests can be found
in Table 7. The minimum required sample size to achieve 80%
power assuming to find at least medium-to-large effect size
(r=0.40) and an apha of 0.05 was 46 people.

Case Study Analysis

A representative example of a participant of psychometric
properties testing was selected.

Results

Table 1 provides the descriptive statistics of the participants
involved in evaluation of the diary. In the usability/feasibility
testing cycles, the majority of participants were young adult
females with median ages of 24 to 25 years old (range, 16-28
years). The most frequent type of headache was migraine-like
headache. In psychometric testing, the median age was similar,
22 years old (range, 14-28); only 6 of the 65 participants were
14 to 17 years old, and 59 were 18 to 28 years old. As in
usability/feasibility testing, the majority of participants were
female and the most common type of headache was
migraine-like headache.
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Table 1. Descriptive statistics of participants involved in the evaluation of the myWHI diary.

Usability/Feasibility testing Psychometric testing
(n=43) (n=65)
Cyclel Cycle2 Cycle3
(n=11) (n=19) (n=13)
Age
Median years (range) 25 (16-28) 24 (16-28) 25 (20-28) 22 (14-28)
Gender
Males 1 4 1 9
Females 10 15 12 56
Headache diagnosis?
Migraine-like headache 9 14 11 46
Tension-like headache 0 0 0 3
Mixed headache 0 0 0 0
Unclassified headache 1 1 0 1
>1 headache diagnosis 1 4 2 8

3Mligraine-like headache: Headache with at least 2 of the following: (a) unilateral location, (b) pulsating quality, (c) moderate or severe pain intensity,
(d) aggravation by or causing avoidance of routine physical activity. And during the headache, experiencing one of the following: (a) nausea and/or
vomiting, (b) photophobia and phonophobia. Tension-like headache: Headache with at least 2 of the following: (a) bilateral location, (b) pressing or
tightening (non-pulsating) quality, (c) mild or moderate intensity, (d) not aggravated by routine physical activity such as walking or climbing stairs.
And during the headache experiencing both: (a) no nauseaor vomiting, (b) no more than one of photophobiaor phonophobia. Mixed headache: Headache
meeting all criteria to be classified as both migraine-like and tension-like headache. Unclassified headache: Headache that does not meet all clinical
categories outlined in the IHC criteria and defined above to classify headaches.

Figure 3 shows the flowchart of participation in the evaluation Cycle 1 (n=11), Cycle 2 (n=19), and Cycle 3 (n=13). Results
of the diary. Results of usability/feasibility testing arebased on  of psychometric testing are based on participantswho completed
participants who used the diary application at least onceduring  the post-questionnaire (n=65).
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Figure 3. Flowchart of participation in the evaluation of the myWHI diary.
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Usability and Feasibility Testing of the Diary

Adherence

Table 2 shows indicators of adherence. In Cycle 1, headache
entriestended to be entered along time after reported start time

http:/mhealthjmir.org/2015/2/e39/

(mdn=13.59 h; range, 1.73-101.28 hours). Headacheswere often
not recorded on the actual day that the episode was reported to
have occurred. However, most important headache items were
answered with each entry. A minority of participants completed
al 14 daily diary entries (18%, n=2) or 75% of the 14 daily

JMIR mHealth uHealth 2015 | vol. 3 |iss. 2| €39 | p. 7
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

diary entries (18%, n=2). Theitems encouraged to be answered
every day were usually entered the day that the daily entry was
made. Following Cycle 1, changes were made to the diary to
make the application clearer, which we expected would increase
adherence. The most significant changes are shown in Table 4.

In Cycle 2, statistically significant improvementsin adherence
with headache entries were found following refinementsto the
first prototype. Participantsin Cycle 2 completed their headache
entries closer to the time pain began than did participants in
Cycle 1 (Cycle2 mdn=3.83 h; range, 0.09-19.92 hours, vs Cycle
1 mdn=13.59 h; U=32.00, z=-3.01, P=.003). Adherence with
thedaily diary entriesa so improved, but did not reach statistical
significance (26% of participants, n=5, completed all 14 daily
entries in Cycle 2 vs 18% of participants, n=2, in Cycle 1;
)(2(1):0.26,P:.69; 53% of participants, n=10, completed 75%
of the 14 daily diary entriesin Cycle 2 vs 18% of participants,
n=2, in Cycle 1; x*1=3.44P=.12). As observed in Cycle 1,
participants in Cycle 2 also tended to answer all of the items

http:/mhealthjmir.org/2015/2/e39/
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when completing a headache or daily entry (see Table 2).
Following Cycle 2, minor changes were made to the diary
primarily to increase adherence (see Table 4).

In Cycle 3, thelevel of participant adherence utilizing the diary
for headache entry remained acceptable with no statistically
significant differences found between Cycle 2 and Cycle 3 (see
Table 2). As observed in Cycle 2, the majority of participants
headache entries during Cycle 3 were made on the same day
that the episode occurred. Once parti cipants created the headache
entry, they tended to report initial information about their
headache right away. The level of adherence of participants
utilizing the diary for entering the daily diary entries was not
statistically different from Cycle 2. Participants completed the
majority of daily entries in real-time with only a minority of
daily entries entered retrospectively. Because significant
improvements in feasibility indicators of the diary were not
observed in Cycle 3, we decided not to make further changes.
This was the final version of the diary used to test the
psychometric properties.
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Table2. . Median level of adherence with the myWHI diary for Cycles 1-32

Huguet et al

Cyclel Cycle2 Cycle3
(n=11) (n=19) (n=13)
Headache (HA) entries
happen, per participant (0%-100%) (23%—100%)b (31%-100%)°
Times that the following
items were answered when
mtgri ngan HA episode, per
participant
100% 100% 100%
Initial intensity (56%-100%) (0%-100%)° (50%-100%)°
100% 100% 100%
Start location (56%-100%) (25%-100%)° (0%-100%)°
99% 100% 85%
Potential triggers (50%-100%) (0%-100%)° (0%-100%)°
100% 100% 100%
Highest intensity (56%-100%) (50%-100%)° (50%-100%)°
Daily diary entries
42.8% 78.57% 85.71%
Daily diary entries made (0%-100%) (21.43%-100%)°  (0%-100%)°
participant (0%-50%) (0%-50%)° (0%-73%)°
Times that the following
items were answered when
entqipg adaily diary, per
participant
100% 100% 100%
Hours of sleep (20%-100%) (86%-100%)° (29%-100%)°
100% 100% 100%
Sleep quality (80%-100%) (79%-100%)° (29%-100%)°
100% 100% 100%
Overall mood (100%-100%)  (77%-100%)° (29%-100%)°
61% 75% 100%
Pain interference (0%-100%) (0%-100%)° (50%-100%)°
100% 100% 100%
Pain unpleasantness (56%-100%) (50%-100%)° (40%-100%)°
100% 100% 100%
Pain qualities (56%-100%) (50%-100%)° (50%-100%)°

8Reported values are the median percentage values across Cycles. The ranges of all reported values are presented in parentheses.

bDifference between values for consecutive Cycles (Cycle 1 vs Cycle 2; Cycle 2 vs Cycle 3) is statistically significant (P<.05).
CDifference between values for consecutive Cycles (Cycle 1 vs Cycle 2; Cycle 2 vs Cycle 3) is not statistically significant.

Usage of Diary Features
Table 3 summarizes how participants used the features of the

diary.
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Table 3. Usage of diary features for Cycles 1-3.
Cycle1 (n=11) Cycle 2 (n=19) Cycle 3 (n=13)
Web reports
% (#) visited reports N/A 0% (0) 0% (0)
Reminders
% (#) disabled reminders 9% (1) 5% (1) 7% (1)
% (#) modified reminder time 36% (4) 47% (9) 31% (4)

Range of reminder time
Customizable list of potential triggers to record daily
% (#) edited default trigger list

Mdn# (range) of potentia triggersconcurrent-
ly recorded, per participant

Top 5 most common selected triggers per
Cycle: % (#) of participantswho tracked each
trigger

Comments section

% (#) of participants who used the headache
comments

Mdn % (range) times the headache comments
section used

% (#) of participants who used daily diary
comments

Mdn % (range) times daily diary comments
section used

5:00pm-10:30pm 9:00pm-11:00pm 7:00pm-10:00pm
73% (8)

2(0-4.2)

58% (11)
3.62 (2-21.5)

54% (7)
3.67(2-9.2)

Stressed: 85% (11) 2

Tired/fatigued: 77%
(10)

Period: 77% (10)

Stressed: 91% (10)
Tired/fatigued: 83% (9)

Stressed: 100% (19)

Tired/fatigued: 100%
(19)

Period: 37% (4) Period: 74% (14)
Lack of sleep: 27% (3) Computer use: 21% (4)

Caffeine, lessthan usu-  Missing meal/ hunger:

al: 27% (3) 21% (4

45% (5) 50% (9) 46% (6)
22.22% 40% 50%
(14.29%-50%) (16.67-100) (9.09-60)
45% (5) 58% (11) 64% (7)
33.33% 27.27% 14.28%
(14.29%-100%) (7.69%-80%) (7.14%-50%)

8 or Cycle 3, there were only 3 top triggers.

L ear nability, Acceptability, and Efficiency

Information Collected Through the Online
Post-Questionnaires

Figure 4 shows participants’ opinions on attributes of the diary.
In Cycle 1, 7 of 11 participants completed the
post-questionnaire. In terms of acceptability, al participants
reported that they would recommend this diary to others. Five
participants (71%) expressed interest in continuing to use the
diary (eg, for 6 more weeks). Six participants (55%) continued
using the diary for 2 weeksfollowing their 14-day trial, with 3
(27%) continuing to use it beyond that. This behavior occurred
in the absence of any incentives or encouragement. In terms of
efficiency, the headache diary item that was repeatedly reported
to be the most difficult to complete was “potential triggers’
(n=4, 57%).

http:/mhealthjmir.org/2015/2/e39/

In Cycle 2, 17 of 19 participants completed the
post-questionnaire. Participants opinions on the feasibility of
thediary remained positive and improved when contrasted with
opinionsin Cycle 1 (Figure 4). The levels of acceptability and
efficiency between the first 2 cycles were not statistically
different, with the exception of fewer participants reporting
troublerecording “potential triggers’ for headache entriesduring
Cycle 2, the item with the most problems for participants in
Cycle 1 (Cycle 1: 57%, 4 of 7 participantsvs Cycle 2: 0%, O of

19 participants, )(2(1):11.66, P<.001). For learnability,

participants in Cycle 2 reported the diary to be easier to learn
how to use than did participantsin Cycle 1 (z=-2.22, P=.03).

In Cycle 3, 12 of 13 participants completed the
post-questionnaire. Thelearnability, acceptability, and efficiency
of the diary remained as positive as users’ experience during
Cycle 2, and no statisticaly significant improvements were
found (Figure 4).
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Figure 4. Participants’ feedback on attributes of the myWHI diary (mdn values). aNo participant used the paper-format diary in Cycle 1.
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Information Collected Through the End-of-Study
I nterviews

In Cycle 1, 4 participants were interviewed. Thematic analysis
revealed 3 distinct themes:

1. Poor understanding: Many participants neglected to use
features of the diary because they either did not know how the
features worked, or were unaware that they existed (eg,
participantswere unaware that they could customizethetriggers
tracked on a daily basis). This lack of understanding was the
prevailing message of the first cycle. As a potential solution,
participants suggested the addition of tutorials.

2. Genera endorsements, likes, and dislikes: Participants felt
satisfied with the diary and perceived it as useful because it
taught them what to pay attention to; helped increase awareness
of headaches, identification of triggers, and effectiveness of
medications; helped guide self-care behaviors; and helped in
reporting headaches to physicians and family. Participants felt
that the diary was easy to use overal, but identified some
difficult and confusing situations, such as: setting the start and
end time of headaches as wake and sleep times, respectively;
including not applicable items (eg, symptoms before and after
the headache) for those with constant headache; having to
develop the habit of using the diary; identifying potential

http:/mhealthjmir.org/2015/2/e39/
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headache triggers within the diary’s hierarchical presentation;
and the slowing of the application due to network connections.

3. Suggestions for improvement: To improve ease of use,
participants suggested: setting default answers to daily items,
allowing participants to remove unused items, adding more
remindersto complete either ongoing headache entries or daily
entries, and providing the most frequently entered options at
the top of lists to expedite data entry. They also suggested
providing additional reports and adding the ability to export
diary data.

In Cycle 2, 3 participants were interviewed with 3 distinct
themes identified:

1. Good understanding: Participants demonstrated a good
understanding of the functionality of the application. They found
thetutorialsthat were added after Cycle 1 to be clear and useful.

2. General endorsements, likes, and dislikes: Participantsfound
the application easy to use, relevant, and useful. They reported
that using the application gave them a more accurate idea of
their headaches (ie, type of pain, intensity, and potential
triggers). However, they did not speak highly of some sections
or functionalities, such as: no interviewed participant reported
using the Web-based reports that were added after Cycle 1,
instead emphasizing the convenience of reviewing reports on
the phone and indicating that they were likely to consult the
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reports more often after using the diary for alonger period of
time. They did consult the iPhone reports, but not frequently.
Participants also didiked being unableto enter daily diary entries
retrospectively, being unableto enter daily entriesthat extended
past midnight without starting a new day, or having to enter
day-long headaches for constant headache.

3. Suggestionsfor improvement: For ease-of-useimprovements,
participants suggested: adding the ability to be reminded about
incomplete items in headache entries and the ability to see the
day of the week when entering dates.

In Cycle 3, 2 participants were interviewed and the following
theme was identified:

1. General endorsements, likes, and dislikes: Both participants
liked the application, reporting that it was clear, easy to use,
and useful. Despitetheir satisfaction with the overall application,

Huguet et al

afew features were not always perceived as useful. Whereas 1
participant used the comment section throughout headache
episodes to track perceived changes, the other reported that the
section was not useful. While 1 participant found the reports
appealing and easy to interpret, the other found them confusing.
Other aspects that were raised as a source of dissatisfaction or
not used were: the loading time, the difficulty deciding what
daily triggers to track due to the large number of available
options, and the Web-based reports. They expressed again that
access to the reports from within the mobile application would
be more beneficial than accessing them through the Web.

Summary of Diary Changes

As part of the iterative design process, the diary was refined
following Cycles 1 and 2 based on participant feedback. Table
4 summarized the most important changes made.

Table 4. Most important changes made to the diary during testing.

Reason for change Change made

Cyclel

To improve learn-
ability

To improve effi-
ciency

Toimproveaccura
cy

To improve accept-
ability

Cycle2

To improve adher-
ence

To improve learn-
ability

To improve accept-
ability

To improve effi-
ciency

Toimproveaccura
cy

Added automatic help/instruction slides to explain how the application works when the user first launches the application.
Added help buttons to the headaches, daily diary, and reports tabs to view the help/instructions slides again at any time.
Moved the feature that allows usersto customize the list of potential triggers from the settings areato the daily diary entries
to make it clearer that the list can be modified at any time.

Added detail text (ie, “Thisisadefault”) to the triggers setup as a default for tracking daily exposure, so that users can
easily recognize the suggested default triggers.

Added a“More” button to the reports tab to explain accessing the Web-based reports. MyWHI 2.0 is the first version of
the application with Web-based reports.

Added a“Frequently used” category containing the 5 most-reported triggers.

Updated the order of medications to include the most recently used at the top, followed by those never taken ordered alpha-
betically.

Modified several lists of answer options to be sorted alphabetically.

Modified the date selection to disallow selection of future dates and times.

Added more PC-accessible-only reports to provide the user with more information from their entered data.
Added question text for “ Potential triggers’ to the top of the screen when searching for the appropriate response option
within the hierarchical tree structure to help users to keep the question of what might trigger a headache in mind.

Added a badge to the headaches tab to indicate ongoing headaches.

Added an alert message to remind participants to create subsequent daily diary or headache entries sooner, if adiary entry
is created for aprevious day or a headache is entered more than 3 hours after the reported start time.

Added an dlert to the* Duration” item, which is automatically reported by the system once the user has entered “ Start time”
and “End time” The item turns red if the headache duration is a negative value.

Added areminder message that shows up if headache duration exceeds 24 hours. The message reminds the participant that
headaches lasting more than 1 day should be recorded as a separate headache for each day.

Added areminder for the user to look at the reports. This shows up after the 5th, 10th, 15th, etc. daily diary entry is added
until the user views reports.

Removed the restriction on creating adiary entry if one aready exists. Thiswas preventing users from adding diary entries
for previous days.
Revised the date format in headaches and daily diary entriesto “Monday, June 6” instead of “June 6.

Changed medication search to prioritize medications that contain the search string at the beginning (eg, searching “ty”
brings up “Tylenol” rather than “Atyopanex”).

Fixed bugs (eg, fixed a bug that caused an error when saving empty MIDASS responses).
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Psychometric Properties Testing of the Diary

The 65 participants completed a mean of 10.32 daily diary
entries (SD=4.94) during the 14-day period. A total of 33
participants (65%) completed all 14 daily diary entries and 44
(67%) completed more than 75% of the daily diary entries.

Generalizability theory resultsfor single-item measuresrecorded
using the NRS-11 scale are located in Table 5. The largest
portion of variance for headache start intensity, maximum
intensity, and duration was explained by person variability
(62.79% to 75.60%) suggesting that these variables are highly
stable across individuals across 14 days. In contrast,
unpleasantness, amount of sleep, quality of sleep, and mood
was primarily characterized by person-by-day variability
(60.27% to 79.21%) suggesting that these variables tended to

Table 5. Variance components for single-item measures of the diary.

Huguet et al

vary substantially from day to day. However, al variables had
substantial person and person-by-day variability suggesting that
these variables capture both trait-likeindividual differencesand
state-like daily fluctuations. Reliability for PedMIDAS was not
calculated due to the small sample size of users between the
ages of 14 and 17 years old. Generalizability theory results for
MIDAS (Table 6) shows that MIDAS has substantial person
and person-by-day variance, but also has a substantial amount
of measurement error. The various estimates of reliability were
excellent (R¢=0.98), adequate (R,=0.66), and somewhat |ow
(Rc=0.51), depending on the measure used. These results
suggest that MIDAS hasgood reliability if datafromall 14 days
are aggregated to create asingle estimate for a person, but may
not be suitable for measuring day-to-day variationsin headache
impact.

Source of variance Person? Day” Person-by-day® Totald
Start intensity

0-10NRS 2.495 0.077 1.234 3.806

% overall variance  65.55% 2.03% 32.42% 100.00%
Highest intensity

0-10NRS 3.076 0.128 1.694 4.899

% overal variance  62.79% 2.62% 34.59% 100.00%
Duration

Difference between  102,960.884 891.587 32,333.475 136,185.946

starting and ending

time (in minutes)

% overall variance  75.60% 0.65% 23.74% 100.00%
Unpleasantness

0-10NRS 2.387 0.005 3.627 6.019

% overal variance  39.654% 0.075% 60.27% 100.00%
Amount of sleep

Hours of sleep 0.969 0.007 3.332 4.207

% overall variance  20.64% 0.16% 79.21% 100%
Quiality of sleep

0-10NRS 1.276 0.000 3.486 4.762

% overal variance  26.80% 0% 73.20% 100%
Mood

0-10 NRS 0.955 0.002 3.023 3.980

% overall variance  23.99% 0.06% 75.95 100%

3Person = variance due to between-person differences across al days.
bDay = variance due to differences between days across al persons.

®Person-by-day = variance due to between-person differences at different days.

%otal = sum of all variances.
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Table 6. Variance components for multi-item measures of the diary.

Huguet et al

Source of variance

Headache impactMIDAS?

% overall variance

Person?
Day®

Item¢
Person-by-day®
Person-by-itemf
Day-by-item9
Errorh
Tota
Between Subjects Reliability (Ryp)
Between Subjects Reliability (Rgp)'

Within Subjects Reliability (Ro)'

0.060 27.91%
0.002 0.93%
0.017 7.91%
0.034 15.81%
0.005 2.33%
0.000 0.00%
0.097 45.12%
0.22 100.00%
0.66

0.98

0.51

3PedM | DA S measure was not explored due to the small sample size that completed this measure.
BPerson = variance due to between-person differences across all days and items.
®Day = variance due to differences between days across all persons and items.

ditem = variance due to responses to scale items across al persons and days.

®Person-by-day = variance due to between-person differences at different days across all items.
fPerson-by-item = variance due to between-persons differences in responses to scale items across all days.
9Day-by-item = variance due to differences between daysin responses to scale items across al persons.
PError = Person x Day x Item interaction plus random error (unknown sources of variance).

iRlE Rk and R¢ are forms of internal consistency cal culated using formulas from Cranford et al (2006) [43].

Table 7 summarizes the correlations used to validate severa
sections of thediary. Although we administered The Sleep/Wake
Behavior Problems Scale of the Sleep Habits Survey [40] and
the child version of the PROMIS Pediatric Short Form—Pain
Interference [41] thisinformation was not used in our analyses
due to the reduced number of participants between the ages of
14 and 17 years old (n=6). All convergent construct validity
correlations were statistically significant, and 4 of 5 had large
effect sizes (rs>|0.50]). These correlations ranged from -0.26

(average sleep quality recorded with the PROMIS Sleep

http:/mhealthjmir.org/2015/2/e39/

RenderX

Disturbance scale) to 0.81 (highest headache pain recorded on
the diary with retrospective recall of highest intensity). A total
of 8 of the 12 concurrent validity correlations were statistically
significant with medium to large effect sizes, ranging from -0.22
(average headache unpleasantness and MHI-5 emotional
functioning) to 0.55 (highest headache pain intensity on the
diary and the adult PROMIS Pain Interference scale). Dueto a
very small sample of adolescent participants (n=6), 10 planned
correlations using adol escent measures (for participants between
14 and 17 years old) were omitted.
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Table 7. Convergent and concurrent validity Spearman rank-order correlations for sections of the diary.

Huguet et al

myWHI diary variables

Convergent construct validation

Concurrent validation

Post- questionnaire mea-

a

How it was calculated sures I's myWHI diary criteria Post- questionnaire measures fs
Headache entries
Occurrence
Pain interference® PROMIS Pain Interference 0.293% (n=59)
Emotional functioning MHI-5 -0.196 (n=57)
Total number of recorded Recall of number of HA 0.630° Sleep-related impair-
HA episodes episodesin past 14 days (n=63) ment” PROMI'S Sleep Disturbance 0.165 (n=59)
Duration
Pain interference” PROMIS Pain Interference 0.422% (n=51)
-0.360¢
Emotional functioning MHI-5 (n=56)
Sumof all headachedura- Sleep-related impair-
tionsin minutes - - ment” PROMIS Sleep Disturbance 0.192 (n=51)
Highest pain
Pain interference” PROMIS Pain Interference 0.549¢ (n=52)
-0.341¢
Emotional functioning MHI-5 (n=52)
Recorded worst painin-  Recall of worst painintensi-  0.809° Sleep-related impair-
tensity ratings ty onaNRS-11 (n=57) ment” PROMI'S Sleep Disturbance 0.369° (n=52)
Unpleasantness
Pain interference” PROMIS Pain Interference 0.5194 (n=50)
Emotional functioning MHI-5 -0.221 (n=55)
Average of the unpleas- Sleep-related impair-
antness ratings - -- ment® PROMIS Sleep Disturbance 0.430% (n=50)
Daily diary entries
Sleep qual ityb
Average of sleep quality -0.264° - -
ratings PROMIS Sleep Disturbance  (n=56) - --
Overall mood
Average of overall mood 0.652°
ratings MHI-5 (n=62) -- -- --
Headache impa(:tb
Average of MIDAS 0.693¢ - - -
scores PROMIS Pain Interference  (n=45) -- -- --

Coefficients represent Spearman rank-order correlations (re).

bOnIy participants aged between 18 and 28 years old were considered for these analyses.

°p<.05
dp<.01
€p<.001

how it is possible to improve the quality of self-reported data,
consequently helping users and health care professionals to
better understand headaches and improve health care decisions.
Figure 5 shows screenshots of the Web-based reports of a

Case Study Analysis
A case study analysisof 1 participant of psychometric properties
testing was conducted. The results are presented to illustrate
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21-year-old female participant. This participant experienced
migraine-like headaches, and recorded 6 episodes mainly of
moderate headache pain over the 14 days. Most episodes | asted
less than 1 hour, 2 episodes lasted around 2 and 8 hours,
respectively, and caused mild to moderate interference in her
life. The participant reported symptoms such as dizziness or
hearing changes before the onset of half of the episodes, and
often reported accompanying symptoms such as vomiting and
light or noise sensitivity. The participant daily kept track of
potential triggers, including: menstrual period, stress, and

Figure 5. Screenshots of the Web-based reports of one of the participants.
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Discussion

Principal Results

After 3iterations of designing, testing, reviewing, and refining,
we created a feasible electronic headache diary. At the end of
this iterative process, young adults with headaches perceived
the application as useful, easy to learn, and efficient to use.
Although adherence with the final version evaluated in Cycle
3 was not perfect, most participants made active use of the
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tiredness. There may be relationships between her stress and
the occurrence of headache episodes, but it is too premature to
extract conclusions from these limited observations. Besides
taking ibuprofen on 2 occasions, which did not seem to help
ease the pain in a timely manner, the participant reported
different strategies to cope with her headache episodes, and
perceived eating breakfast, rest, and sleep asthe most effective.
However, because of the limited duration of using the headache
diary, again no conclusions about the effectiveness of these
strategies can be drawn, however, thismay be clinically helpful.
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application throughout the testing period. The option for
participantsto omit itemswhen compl eting the diary could have
had drawbacks to this research by threatening maintenance of
internal consistency while diminishing the usefulness of the
diary in clinical settings. However, participants typicaly
provided an answer to each item included in the diary when
either completing adaily entry or recording a headache episode
during thetesting period. M oreover, most partici pants completed
a majority of the daily entries and recorded most headache
episodes on the day they occurred. Substantial differences have
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been observed in levels of adherence with electronic headache
diaries, with rates of 75%-98% [22]. Thereis no consensus on
the acceptable minimum adherence level in self-monitoring
systems. The ultimate goal when developing a diary such as
thisis to provide individuals with headaches (and their health
care providers) with the greatest insight into their condition
whileimposing minimum time and effort on maintaining adiary.
This delicate balance poses a challenge. It is possible that the
comprehensiveness of our application, athough recognized as
a strength by most participants, may have reduced adherence
due to the time and effort required to complete all of the items.
However, it may also take time to develop a habit of using the
diary. We found that 35% of participants were still creating
diary entries 2 weeks after the conclusion of their 14-day
participation, and 18% created more diary entries after the study
period than they had within it. This suggests that level of
adherence with the diary may be maintained or even improved
over time. This is most apparent with the Web-based reports,
which can provide enhanced value after regular use of the
application over time. It is challenging to motivate users to
regularly enter data when the benefits are uncertain and
meaningful reports may be weeks or even months away.
Therefore, despite the possible issues with the time and effort
required due to the comprehensiveness of our application, we
do not plan to simplify this application, mainly because
simplicity does not automatically imply that this will help
patients improve adherence, and most importantly, we do not
know the minimum level of adherence required to achieve better
outcomes. In addition to the observed levels of participant
adherence when filling in the diary, we also observed that the
features incorporated in the diary (ie, the reminders, the
comment sections, and the customizablelist of potential triggers
for the usersto track their exposure on adaily basisand explore
their potential relevance) were commonly used by the
participants, with the exception of the Web-based report
generation system that was external to the application.

We assessed reliability of measuresincluded inthefinal version
of the diary using generalizability theory analyses. For
single-item measures, these analyses revealed that headache
intensity and duration measures were primarily trait-like
variablesthat were highly stable over time. In contrast, headache
unpleasantness, amount/quality of sleep, and mood measures
were more state-like, and varied considerably from day-to-day.
The MIDAShad excellent internal consistency when all 14 days
are combined together into asingle composite variable; however,
it does not appear to be a good measure for reliably measuring
variability in headache-related interference from day to day.
This said, poor within-subjects reliability is typical of many
measuresthat otherwise have excellent psychometric properties
[43]. Consequently, we recommend that patients and health care
providers who use the diary not to examine day-to-day
fluctuations in MIDAS scores. Instead, they should calculate
an overall index of headache-related interference by averaging
MIDAS scores across many measurement occasions and look
for changes over longer periods of time using small-N, A-B-A
designs. Finally, we also explored convergent and criterion
validity for some critical elements of the myWHI diary,
especially when used by the oldest subgroup.

http:/mhealthjmir.org/2015/2/e39/
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Strengths and Weaknesses of the Mywhi Application

The myWHI diary overcomes several drawbacks identified in
the electronic diaries described and used in the scientific
literature [22] or available on the market [23]. It allows users
totrack information for both headache and headache-free days,
and has undergone formal usability, feasibility, and
psychometric testing. Unlike the myWHI diary, the usability,
feasibility, and reliability of current headache diaries are often
unknown. Available diaries have been fundamentally designed
to only log headaches and the main variables associated with
them (ie, intensity, duration, and timing). Diaries often do not
collect information in the absence of headaches, as they are
event-contingent, making it difficult for the user (or health care
professionals) to understand what is precipitating the headaches,
and what strategies may prevent new headaches; the digital
headachediary (DHD) isone exception [45]. ThemyWHI diary
meetsthe criteria, which our team defined apriori, for an“ideal”
diary application; it isintended to hel p individua swith headache
to better understand and manage their headaches, while
providing relevant datato health professional s[23]. The myWHI
diary was created with the hel p of headache experts, it measures
clinically relevant headache variables, it allows customization
to makethe application clinically relevant to theindividual user,
and it generates reports displaying relationships between
variables.

Despite the high levels of satisfaction with the application, we
also identified weaknesses. There were weaknesses with our
Web-based report generation system that is externa to the
application, which was not used by the participants.
Incorporating a robust set of reports directly in the mobile
application is something to consider. The relatively slow
responsiveness of the application influences user experience;
we stored data on aremote server for research purposes, which
introduced delays users are not accustomed to when using
mobile apps. This could be resolved in a new version of the
application that stores datalocally, with the potential for a data
synchronization system to maintain availability of usage data
to researchers. We acknowledge the need to adapt the diary for
other mobile phone platforms or Web-based application. Finally,
taking into account that the MIDAS scores seem inappropriate
for day-to-day reporting, it would be desirable to replace this
measure with a new one that could examine daily changes.
However, more psychometric work isrequired to develop anew
measure.

Limitations of the Study

Thisstudy has somelimitations. First, participants acrossawide
range of ages were included. We encountered recruitment
difficultiesfor participants between 14 and 17 years old, which
limits generalizahility of our psychometric findings to this age
group. Second, introducing a routine such as using this diary
every day is neither easy nor fast. When testing usability and
feasibility of the diary, we offered participants a prototype
version of the diary to use for 14 days. With this time period,
which is shorter than the 28-day period that is often
recommended for assessment in headache studies [28,29,46],
the use of the diary was not effortlessly adapted asdaily routine.
This could have negatively affected use of the diary, quality of
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the suggestions, and even bias modifications taken as result of
the collected data. A longer trial duration could have minimized
these problems and provide amore accurate picture of feasibility
data when this diary is used as consistently recommended in
theliterature. Third, findingsfrom interviews conducted in each
cycle of usability/feasibility were not representative of the
participating sample in each cycle as only 15%-25% of
participants were involved in the interviews. Despite this
inherent characteristic of qualitative research, the data helped
to provide richer insight of some participant experiences using
thediary. Similarly, the case study isnot generalizable; however,
it provides an example of how thisdiary may be helpful. Finally,
allowing participants to freely omit some items on the
guestionnaire may result in greater levels of missing data. In a
clinical context, practitioners should work with patients closely
to determine which questionnaire items are most important to
track on a case-by-case basis.

Conclusions and Next Steps

Thisresearch representsthe necessary first stepstoward creating
afeasible and psychometrically sound electronic diary for young
adults with headaches. Users should be continuously involved
during the design of applications [47] and we involved users
from the onset [48]. The application was evaluated using formal
testing cycles with participants once we had a high-fidelity and
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