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Abstract

Objective: Mild traumatic brain injuries (mTBIs) are common and may result in persisting symptoms. Mobile health
(mHealth) applications enhance treatment access and rehabilitation. However, there is limited evidence to support
mHealth applications for individuals with an mTBI. The primary purpose of this study was to evaluate user experiences
and perceptions of the Parkwood Pacing and Planning™ application, an mHealth application developed to help individuals
manage their symptoms following an mTBI. The secondary purpose of this study was to identify strategies to improve the
application. This study was conducted as part of the development process for this application.

Methods: A mixed methods co-design encompassing an interactive focus group and a follow-up survey was conducted with
patient and clinician-participants (n= 8, four per group). Each group participated in a focus group consisting of an inter-
active scenario-based review of the application. Additionally, participants completed the Internet Evaluation and Utility
Questionnaire (UQ). Qualitative analysis on the interactive focus group recordings and notes was performed using phenom-
enological reflection through thematic analyses. Quantitative analysis included descriptive statistics of demographic informa-
tion and UQ responses.

Results: On average, clinician and patient-participants positively rated the application on the UQ (4.0± .3, 3.8± .2, respect-
ively). User experiences and recommendations for improving the application were categorized into four themes: simplicity,
adaptability, conciseness, and familiarity.

Conclusion: Preliminary analyses indicates patients and clinicians have a positive experience when using the Parkwood
Pacing and Planning™ application. However, modifications that improve simplicity, adaptability, conciseness, and familiarity
may further improve the user’s experience.
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Introduction
According to the Canadian Community Health Survey,
brain injury rates have increased 250% between 2005 and
2014.1 Mild traumatic brain injuries (mTBIs) constitute
70–90% of all traumatic brain injuries (TBIs),2 and may
result in time lost at work,3,4 or at school.5,6 Additional
time may be lost when people experience persistent
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symptoms, which occurs in approximately 15% of indivi-
duals.7,8 Individuals experiencing persisting symptoms fol-
lowing an mTBI require tertiary care, but may experience
long wait times in areas with government-funded health-
care.9 Long waitlists are problematic because treatment
delays may result in continued or exacerbated symptoms.
Innovative rehabilitation techniques that are quickly and
easily accessible are necessary to treat this population and
reduce health service costs.

Following an mTBI, early interventions, including edu-
cation on common symptoms, length of symptom presenta-
tion, and coping strategies, are recommended to reduce the
number of symptoms at three months post-injury.10

Additionally, the Third Edition of the Guideline for
Concussion/Mild Traumatic Brain Injury & Prolonged
Symptoms recommends individualized treatment based on
symptoms and physical examination findings.11,12

Following an acute rest phase (24–48 hours post-injury),
‘activity as tolerated’ (physical and cognitive activities
that do not exacerbate symptoms) is recommended.12 This
means that individuals with an mTBI should gradually
return to normal activity while avoiding heavy exertion
that exacerbates symptoms for two weeks following their
injury. People with an mTBI should also avoid activities
with an increased risk of head impacts for at least one
week following their injury, and resume supervised phys-
ical activity within a month of injury.13

However, patients may find it difficult to gauge an
appropriate level of activity, resulting in attempts to
return to too many pre-injury activities and ultimately
exacerbate symptoms. Others may, due to fear of
symptom exacerbation, excessively reduce their level of
activity so much so that their symptoms do not
improve.13 Innovative rehabilitation techniques for indivi-
duals with an mTBI should involve individualized
support that can help patients gauge an appropriate activity
level according to their tolerance.12

Within the Acquired Brain Injury Outpatient Program at
Parkwood Institute in London, Ontario, a ‘pacing and plan-
ning’ points program was created to help individuals
manage an appropriate level of daily activities. Each activ-
ity is allotted a point value, depending on each individual’s
perceived difficulty and symptom exacerbation. All activ-
ities in a day are summed and are not to exceed a daily
maximum that is determined by the clinician. This idea
proved very beneficial anecdotally. However, implement-
ing the pacing and planning program in a pen and paper
format was problematic because patients often misplaced
or forgot their daily activity plan, resulting in decreased
use and accuracy in activity recall. Furthermore, the pro-
gram’s benefits were limited to patients in the Acquired
Brain Injury Outpatient Program at Parkwood Institute
when using a pen and paper format. An alternative
method for administering the ‘pacing and planning’

program that can facilitate uptake and promote patient use
is through digital platforms, such as a mobile application.

Mobile health (mHealth) is a medical and public health
practice supported by mobile devices, which may include
mobile phones, patient monitoring devices, or other wire-
less devices.14 mHealth applications improve healthcare
by reducing health service costs, promoting access, and
improving individualized treatment.15 mHealth applica-
tions are also becoming more popular and may benefit indi-
viduals with a TBI.16 Although individuals with a TBI state
that electronic devices are acceptable and desirable com-
pensatory aids,17 barriers to application use include accessi-
bility and usability, symptom exacerbation, stigma,
perceived usefulness,18 forgetting to use the app, and
poor vision.19 Additionally, mHealth applications are not
formally regulated20 and may have limited evidence to
support their efficacy.16 Accordingly, more research is
needed on mHealth applications for individuals with a
TBI to ensure validity and foster maximum application
uptake and use.

St Joseph’s Healthcare has created a mobile version of
the ‘pacing and planning’ program, called the Parkwood
Pacing and Planning™ application. This study represents
part of an overall program of research to develop a system-
atic approach to the ‘pacing and planning’ program. The
program is investigating the effectiveness of this interven-
tion in assisting individuals with an mTBI in managing
their symptoms. The primary purpose of this study was to
evaluate the experiences and perceptions of individuals
with symptoms following an mTBI and clinicians serving
these individuals, when using the Parkwood Pacing and
Planning™ application. The secondary purpose of this
study was to identify strategies to improve the application.

Methods

The Parkwood Planning and Pacing™ application
design

The Parkwood Pacing and Planning™ application was
created using a co-design approach with a team of stake-
holders, including five adults with prolonged symptoms
post-mTBI, three clinicians with expertise in assessing
and treating adults with persistent symptoms post-
concussion/mTBI, six researchers with expertise in imple-
mentation science, five donors from corporate and commu-
nity groups, and three mobile application developers.
Stakeholders suggested a calendar format for adding and
tracking activities, where the total point value is listed at
the bottom of the calendar day (Figure 1). Additionally, sta-
keholders recommended using colored point values to indi-
cate if the application user can continue to spend points in a
day (green), or if they have used more than their allotted
daily point value (red). Stakeholders wanted the application
to function as similarly as possible to common calendar
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applications on mobile devices, where users can input the
name, date, and time of their activities (Figure 2).

Specific to this application, stakeholders requested the
ability to add any symptoms application users experienced
during or after the activity, along with intensity and dur-
ation of the symptoms (Figure 3). The list of symptoms
available for patients to choose was based on the
Rivermead Post-Concussion Symptom Questionnaire
(RPQ).21 The RPQ is a 16-item, 5-point Likert scale
symptom rating assessment, where a higher total score indi-
cates greater symptomatology. Stakeholders also requested
a separate section in the application to view cumulative
symptom exacerbation (Figure 4), where users can see
which symptoms they have experienced over the past
week. Lastly, stakeholders requested a section for education
(e.g., strategies for grocery shopping and attending social
events, and strategies for reducing anxiety). Stakeholders
also determined the name, logo, and color scheme of the
application.

When implementing the ‘pacing and planning’ program
in a pen and paper format, clinicians created a bank of 60
common activities and their average point values. This
bank of activities was added to the application. However,
stakeholders requested the ability to add new activities to

the application. Accordingly, an algorithm was developed
by the clinicians to determine the point value of any activ-
ity. Application users rate their symptom aggravation and
difficulty completing the activity on a scale of 0 (not diffi-
cult at all) to 10 (the most difficult activity they have ever
completed). The two values are summed and then divided
by 4, providing their new activity’s point value.
Additionally, the clinicians determined that everyone
beginning the ‘pacing and planning’ program should
begin with 15 points per day. Clinical expertise was used
to determine when to change the daily point value for indi-
viduals using the ‘pacing and planning’ program in a pen
and paper format. In order to replicate clinical expertise,
the clinicians created an algorithm for modifying daily
point allotment within the application based on the user’s
response to a bi-weekly check in (Appendix A).

After first-time users register and log into the applica-
tion, they complete the RPQ.21 The initial total score is
recorded as their baseline assessment, and re-assessed
every 30 days upon logging into the application. After com-
pleting the RPQ, the user is directed to the home page of the
application, where they can access the Calendar (Figure 2),
My Data (Figure 4), Resources (Tips and Tricks), and
Settings. An outline of the application’s components and

Figure 1. Screenshot of the main menu. Figure 2. Screenshot of the calendar with added activities.
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key features are listed in Table 1. Perceived change in
symptoms was evaluated every 14 days using a bi-weekly
check in, when the application prompts the user to
provide a rating of their overall symptoms using the
options: much better, somewhat better, no change, some-
what worse, and much worse.

Study design

This study was performed as part of an iterative co-design
process using a convergent design, whereby qualitative
and quantitative data were simultaneously collected and
analyzed.22 A mixed methods evaluation was conducted
to capture multiple user experiences and perspectives on
navigating and improving the application.23 Combining
the results of both the qualitative and quantitative analyses
demonstrated triangulation, which enhanced the credibility
of this study.24

Participants

Purposive-sampling was used to recruit four patient-
participants and four clinician-participants for this study.

A sample size of eight participants (npatient= 4, and nclinician
= 4) was required to detect a minimum of 80% of potential
usability problems.25 All participants were referred to the
research coordinator by an occupational therapist in the
Acquired Brain Injury Outpatient Program. Inclusion cri-
teria for all participants included: (a) minimum age of 18
years old; (b) access to an Android® mobile phone or
tablet; (c) able to complete a paper-based survey independ-
ently; and (d) able to read, write, and speak English fluently.
Patient-participants were included if they had an mTBI
diagnosed by a physician, and were patients in the
Acquired Brain Injury Outpatient Program. Patient-
participants also must have received the outpatient educa-
tion package from the Acquired Brain Injury Outpatient
Program, which included information on pacing and
planning.

Inclusion criteria for clinician-participants included
experience providing treatment to patients with an mTBI.
Clinicians were included in this study because they under-
stood the purpose of the application, and how it was clinic-
ally implemented in a pen and paper format. Clinicians
were also included because future application iterations
will investigate the clinical applicability of the Parkwood
Pacing and Planning™ application and how the application

Figure 3. Screenshot of adding an activity. Figure 4. Screenshot of ‘My Data’ screen.
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can support clinical care. Demographic information col-
lected from participants to describe the sample included
participant age, sex, discipline and years of clinical practice
(clinician-participants), and mechanism of injury, but not
number of previous head injuries (patient-participants).
This study received institutional research ethics board
approval from Western University’s Health Science
Research Ethics Board (108298) and Lawson Health
Research Institute (R16282).

Protocol

All participants provided written informed consent prior to
beginning this study. Participants were introduced to the
Parkwood Pacing and Planning™ application in a
90-minute interactive group session at Parkwood Institute;
one for clinician-participants and one for patient-
participants. To test user performance of critical tasks, par-
ticipants in each group followed the same specific task
scenarios directed by the moderator (SJ). Prior to beginning
the group sessions, the moderator informed participants of
her biases, assumptions, and reasoning for completing this
study. Her biases included helping develop the application
and being a paid research coordinator on this project. Her
assumptions included that the app will help individuals
with a brain injury in the future. There was no relationship
between participants and the moderator prior to this study.
Tasks included registering their account, adding multiple
events to the calendar, adding items on the ‘To-Do List’,

recording symptoms, finding information on reducing
anxiety, and locating cumulative activity and symptom
data. Participants were encouraged to discuss the tasks
they were completing and their thoughts as they completed
the tasks, similar to the individual think aloud protocol.26

The group session was audio-recorded, and a research
assistant transcribed field notes. No other individuals were
present during the focus groups.

Following the group session, participants were given one
week to continue to use the app at their leisure, as if they
were using the app to complement their mTBI rehabilitation
and/or to pace and plan their daily activities. No further dir-
ection on what resources (Tips and Tricks) or number of
activities to record was offered to participants.
Participants were instructed to complete and return the
Internet Evaluation and Utility Questionnaire (UQ)27–29 to
the research team by the end of the week. The UQ is a
15-item questionnaire that assesses 13 constructs: ease
of use, convenience, engagement, enjoyment, layout,
privacy, satisfaction, acceptability, comprehension, cred-
ibility, likelihood of returning, mode of delivery, and help-
fulness. The 13 items are rated on a 5-point Likert scale
ranging from 1 (not at all) to 5 (very). The final two items
are open-ended questions assessing the most and least
helpful components of the app. The UQ questions were modi-
fied to apply to the Parkwood Pacing and PlanningTM applica-
tion (Table 2).

Data analyses

Qualitative analyses of the focus group transcripts were per-
formed using van Manen’s phenomenological approach30,31

to understand the meaning of participant’s lived experiences
using the application. Two researchers (SJ and SM) performed
an existential investigation to generate data by recording and
transcribing what participants said while completing their pre-
specified tasks during the focus groups. Two additional
researchers (MB and LG) completed thematic analyses on
the focus group data using phenomenological reflection.
Each transcript from the clinician-participant and patient-
participant focus groups was independently analyzed by
MB. During transcript analyses, similar quotes were
grouped and categorized. Afterwards, categories were clus-
tered into themes. Data analyses were then reviewed by LG,
a senior qualitative researcher, to ensure saturation of the
data. Transcripts and themes were not reviewed by partici-
pants for additional feedback.

Descriptive statistics were used to characterize age, sex,
mechanism of injury (patients), and clinical background
(clinicians). The question on privacy in the UQ was nega-
tively worded; therefore, the reverse scale for this question
was used (i.e., a higher total score reflected a more positive
user experience) to allow a total UQ score.32 Both qualita-
tive and quantitative analyses were performed with post-
positivist assumptions.

Table 1. Application overview.

Component Key functions

1. My
Calendar

• Plan daily activities (includes a default point
value)

• Customize activity-specific points based
on difficulty and symptom aggravation

• View planned activities
• View number of points used, and

maximum points given per day
• Record activity-specific symptoms

2. My Data Track pacing and planning skills:
• View frequency of staying within a

recommended total point range daily
• Assess the proportion of high and low

point-specific activities planned according to
number of associated total points

3. Tips &
Tricks

• A list of common strategies for effective
pacing and planning and preventing the
onset of symptoms

Note. Points range from 1 to 7; low-point activity= 1–3; high-point activity=
4–7; users commence with 15 daily points.
Task difficulty and symptom aggravation scales ranges from 0 to 10.
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Results
Four patient-participants (45± 12.7 years; three females)
and four clinician-participants (40± 4.7; four females)
completed this study, and no individuals refused or
dropped out. All participants had some form of post-
secondary education, either a college diploma or university
degree. Three of the clinician-participants were occupa-
tional therapists, and one was a speech and language path-
ologist. All clinician-participants had more than eight
months experience working with patients with an mTBI.
Patient-participants sustained their mTBI from falls (three
participants) and a bicycle accident (one participant).

Clinician and patient-participants positively rated the
application (4.0± .3, 3.8± .2; respectively). Clinician
responses were generally higher than patient responses
(Table 2). ‘How good of a method was the mobile app
for delivering this planning and pacing information’ and
‘How did you find the information in the mobile app?’
were the two questions with the biggest discrepencies
between clinican-participant and patient-participant
ratings. On average, clinicians rated ‘How good of a
method was the mobile app for delivering this planning
and pacing information’ 1.25 points higher than patient-
participants, and ‘How did you find the information in the
mobile app?’ 0.75 points higher than patient-participants.
Clinician and patient-participants both indicated the app
was easy to use, with both groups averaging a rating of
four (out of five).

The phenomenological reflection yielded four themes
demonstrating application qualities that were important to
participants (Table 3). These themes represented strengths
or areas for consideration of application improvement or
both. For simplicity, the positive version of the selected
noun/adjective was used to describe the category (sub-
theme) and theme. The first theme identified was simplicity.
For example, ‘I find the clock easier now that I know how
the clock works’ (Patient 4). However, participants indi-
cated the clock and scroll bars were difficult to navigate,
including ‘I find the slider to be a little tricky… It’s not
super smooth’ (Patient 1). Secondly, the application’s
adaptability was identified as a theme, including data per-
sonalization. ‘It has good options…for how you hurt your
head’ (Clinician 1). The importance of this theme was
further promoted when a participant said, ‘You need to
have flexibility there [when repeating an event] …’
(Patient 2).

The third theme that emerged was conciseness, with sug-
gestions to improve clarity including, ‘I almost wonder if
there could be a definition to describe how those [difficulty
and symptom aggravation] are different…’ (Clinician 1).
Furthermore, the placement of some buttons (e.g., save)
could be in a more intuitive place, but ‘at least it prompted
you if you didn’t do it [click save]’ (Clinician 3). The fourth
and final theme to emerge was familiarity, including the

benefits of similarities between this application and
others. Many comparisons were made, including ‘I’m
used to in my calendar in tapping a date and doing
that…’ (Clinician 4) and ‘… There are better clocks out
there…’ (Patient 2). The complete list of themes, categor-
ies, and exemplar quotes are listed in Table 3.

Discussion
Preliminary analyses indicated individuals with an mTBI
and clinicians working with individuals with an mTBI
had a positive experience while using the Parkwood
Pacing and Planning™ application. However, modifica-
tions that improve simplicity, adaptability, conciseness,
and familiarity may further improve the user’s experience.
On average, clinicians and patients positively rated the
usability, likability, usefulness, understandability, and con-
venience of the application via the UQ. Participants stated
the application included features that promoted each
theme; however, they also suggested ways to further
improve the aforementioned themes. Accordingly, the
Parkwood Pacing and Planning™ application should
undergo modifications informed by these findings to
further improve the application, which may promote appli-
cation uptake and long-term use.

Successful mHealth applications must be acceptable to
end-users, which often includes both patients and health-
care providers.33 Although clinicians generally rated the
Parkwood Pacing and Planning™ application higher than
patients, the largest difference between clinician and
patient ratings was for the method of information delivery.
Clinicians may have highly rated the method of delivery
because mobile applications increase service delivery, and
access to care greatly influences clinicians’ adoption of
mHealth tools.34 Previous research also shows electronic
devices are acceptable and desirable compensatory aids
for individuals with a moderate to severe TBI.17

However, patients in this study may have rated the applica-
tion lower than clinicians because they prefer to receive this
information in-person from a healthcare provider.
Therefore, these results support previous recommendations
to include mobile technology as a supplement to rehabilita-
tion programs, and not replace in-person treatment.16

Clinicians also indicated the information in the app was
more useful than patient-participants. This discrepancy may
be attributed to the patient-participants already completing
mTBI rehabilitation, and therefore having pre-exisiting
knowledge of pacing and planning. As this information
was not new to them, they may not have found it useful.
Conversely, clinicians may have rated the information
useful because it contained education they consistently
provide to their patients. Accordingly, there may have
been differences in clinician and patient-participant’s per-
ception of the application’s ability to enhance users’
rehabilitation.35 Furthermore, differences in ease of

Bonn et al. 7



accessing information36 may have influenced participant’s
ratings.

mHealth applications should supplement, and not
replace, in-person treatment because more than half of the
individuals with a TBI have difficulty using their smart-
phone following their injury.19 mHealth applications that
are simple and familiar to users may improve uptake and
utilization because they require less learning, which can
be negatively influenced by cognitive impairments.19,37,38

Positive responses to the questions ‘How easy was the
information to understand in the mobile app’ and ‘How
easy was the mobile app to use’ indicate the application

was simple and familiar. However, participants stated the
Parkwood Pacing and Planning™ application could be
improved by using the same scales for all questionnaires,
which has previously been identified in a similar study
with individuals with an mTBI.39 Making all of the scales
consistent in the application will also improve compliance
and data quality,39 which may improve future studies on
the Parkwood Pacing and Planning™ application and
ultimately further our knowledge on mTBI symptomology
and rehabilitation.

Additional suggestions for improving the Parkwood
Pacing and Planning™ application included the ability to

Table 3. Themes, categories, and exemplar quotes from focus group transcripts highlighting application qualities important to participants.

Theme Category Exemplar Quotes

Simplicity: Something that is plain,
natural, and/or easy to understand
or do

Ease of use ‘I find the slider to be a little tricky to be honest. It’s not super
smooth.’—Patient 1
‘I find the clock easier now that I know how the clock works.’—
Patient 4

Intuitive ‘I know that [falling asleep] goes with sleeping and calming
yourself, because if I didn’t take the program I wouldn’t know
what mindfulness was.’—Patient 3
‘I… thought the calendar went Sunday to Sunday, but it starts on
Monday.’—Clinician 1

Consistent ‘I don’t like how the scales aren’t the same all the way through.’—
Clinician 2

Adaptability: The ability to adjust to
new conditions

Personalization ‘It had good options… for how you hurt your head.’—Clinician 1
‘[When editing the point value for grocery shopping] That’s still
good because you can still customize it afterwards…’—Clinician
3

Flexible ‘I want to be able to change the date but I can’t.’—Patient 2
‘You need to have flexibility there [when repeating an event]. It
might be alternate days, it might be each week, it might be the
first Monday of the month.’—Patient 2

Conciseness: Excluding extra or
unnecessary information

Organization ‘Not a big deal but the save button on the bottom, I would worry
that some of my patients would miss it.’—Clinician 3
‘At least it prompted you if you didn’t do it [click save].’—
Clinician 3

Clarity ‘I found the “how did you hurt your head” [question] vague.’—
Patient 1
‘I almost wonder if there could be a definition to describe how
those [difficulty and symptom aggravation] are different…’—
Clinician 1

Familiarity: A quality of being
well-known

Similarity to other
devices/applications

‘In my texting app I can enlarge my font by using my volume
button on my device. I thought I’d be able to do that here.’—
Clinician 3
‘… There’s better clocks out there…’—Patient 2
‘I’m used to in my calendar in tapping a date and doing that so
it’s just a process that I’ve developed.’—Clinician 4
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change the date, moving the ‘Save’ button to the top of the
screen when adding events to the calendar, clarifying the
definitions of difficulty and symptom aggravation, and
changing the calendar layout to start on Sundays. The sug-
gestion to move the ‘Save’ button and changing the calen-
dar to start on Sundays highlight the importance of
familiarity and organization. Vision deficits contribute to
increased difficulty navigating a smartphone following a
TBI.19 Accordingly, easily viewed displays are one of the
most important features of an application for individuals
with a TBI.19 In improving the organization of the applica-
tion, participants will require less mental exertion and less
screen-time; both of which contribute to headaches follow-
ing an mTBI.40 With fewer symptoms, long-term mHealth
application uptake and use may be improved.18 Therefore,
evaluation in change of symptoms while using the applica-
tion will be a critical component of the next phase of our
systematic development program.

This study was not performed without limitations. First,
study participants only included individuals who were
familiar with pacing and planning, as inclusion criteria
required participants who were referred to the Acquired
Brain Injury Outpatient Program. Therefore, these findings
cannot be extrapolated to individuals with an mTBI who do
not already know how to pace and plan their daily activities.
Secondly, this study did not evaluate participant’s long-
term application use, as the goal of these focus groups
was to provide immediate feedback for application develop-
ment. Although participants positively rated the applica-
tion, it is unclear if these positive ratings will remain over
time and result in high usage. Third, all participants were
highly educated, making them more likely to use mHealth
applications.41 Experience with mHealth applications may
have helped these participants intuitively navigate and
understand the Parkwood Pacing and Planning™ applica-
tion, which may have inflated responses to questions like
‘How easy was the app to use’ from the UQ. Lastly, cogni-
tive impairment was not evaluated in patient-participants.
Cognitive impairment may negatively influence a user’s
ability to learn and use the application;16 therefore, these
results may not apply to all individuals with an mTBI.
Future studies with individuals that are not familiar with
pacing and planning, have a breadth of education levels,
and evaluate long-term use (adherence and effectiveness)
and cognitive impairment (impact of patient characteristics
on outcomes) should be performed.

Conclusion
Preliminary analyses indicated individuals with an mTBI
and clinicians working with individuals with an mTBI
rated the Parkwood Pacing and Planning™ application
positively. Analyses of participants’ experiences provided
insight on areas to focus future application modifications
to improve user experience: simplicity, adaptability,

conciseness, and familiarity. The Parkwood Pacing and
PlanningTM application could be improved by implement-
ing changes that support the specific needs of individuals
with an mTBI, such as consistent measurement scales, orga-
nized screen layouts, and clear and concise content.
Additional evaluation is planned to explore these suggested
changes, level of cognitive impairment, and long-term
application usage patterns, with individuals new to pacing
and planning.
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