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Abstract

Background: Chronic obstructive pulmonary disease (COPD) comprises a group of progressive diseases that deteriorate lung
functions. When patients cannot breathe, nothing else in their lives matter. Breathl essness has negative implications on patients
lives, which leads to physical and psychological limitations. Moreover, the lack of relevant and updated information about the
causes and consequences of the disease can exacerbate the problems of health literacy, information accessibility, and medical
adherence.

Objective:  The objective of this study is to design an innovative mobile health (mHealth) app system called “MyLung” that
provides complete solutions in order to increase self-awareness and promote better self-care management. This system, an
information technology artifact, includes three novel integrative modules: education, risk reduction, and monitoring.

Methods. The utility and effectiveness of the assi stive mobile-based technol ogy were eval uated using amixed-methods approach.
The study combined quantitative and qualitative research methods to thoroughly understand how the assistive mobile-based
technology can influence patients' behavioral intention to changetheir lifestyle. Thirty patients were categorized into two groups
(intervention group and control group).

Results: The results from the quantitative analysis led to four follow-up interviews in the qualitative study. The results of the
guantitative study provided significant evidence to show that the design of MyLung leads to a change in the awareness level,
self-efficacy, and behavioral intention for patients with COPD. Thet tests revealed a significant difference before and after using
the mobile-based app with regard to the awareness level (mean 3.28 vs 4.56; t,,=6.062; P<.001), self-efficacy (mean 3.11 vs
5.56; t,5=2.96; P=.01), and behaviora intention (mean 2.91 vs 4.55; t,,=3.212; P=.009). Independent sample t tests revealed
significant differences between the intervention group and the control group in terms of the awareness level (mean 4.56 vs 3.31,;
t,9=4.80; P<.001) and self-efficacy (mean 5.56 vs 3.66; t,5=2.8; P<.01). Integration of findings from quantitative and qualitative
studies reveled the impact of the design in acomprehensive manner. These inferences are referred to as“ meta-inferences” in this
study.

Conclusions. We designed an innovative assistive mobile-based technology to empower patients with COPD, which helped
increase awareness and engage patients in sel f-care management activities. The assistive technol ogy aimsto inform patients about
the risk factors of COPD and to improve access to relevant information. Meta-inferences that emerge from the research outputs
contribute to research into chronic management information systems by helping us gain a more complete understanding of the
potential impacts of this proposed mobile-based design on patients with chronic disease.
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Introduction

Background

Chronic obstructive pulmonary disease (COPD) is a prevalent
disease worl dwide and amajor cause of morbidity and mortality
[1]. COPD isagroup of obstructive lung diseases encompassing
multiple conditions that share two common factors. airflow
limitation and unusual inflammationsin the lung. Patientswith
COPD experience symptoms such as chronic cough, sputum
production dyspnea, chronic sputum, hyperinflation, and
wheezing [1]. Severa factors are responsible for triggering
COPD symptoms and are based on two categories. lifestyle
(typicaly, long-term smoking) and occupational or
environmental factors. Patients with COPD are susceptible to
the risk of frequent episodes or exacerbations. According to
Cdli et a [2], exacerbation is defined as “ sustained worsening
of the patient’s condition from the stable state and beyond
normal day-to-day variationsthat is acute in onset.”

Because COPD conditions have a long-term effect, patients
frequently suffer from complications and require constant
education and awareness to promote better empowerment [3].
Education empowerment increases patients knowledge of
matters associated with their conditions [4]. Patients with
chronic diseases should receive an effective education on how
to actively manage their condition on adaily basis. Equipping
patients with education empowerment mechanisms about their
chronic conditions, such as understanding the consequence of
risks and receiving timely guidelines, has been associated with
improved sdlf-management and self-control of disease[5]. These
mechanisms will help patients change their behaviors with
regard to managing their disease conditions[5].

Access to health care information and educational resources
becomes a challenge for patients with COPD because of the
barriersthat prevent easy delivery of information. Thesebarriers
result from physiologica factors relevant to patients,
environmental settings, and cost of educational programs [6].
Physiological barriers play a major role in the way a patient
with COPD is able to perceive and process health information
[7]. The consequences of COPD can be better managed with
information technology, in particular, mobile health (mHealth)
and telemedicine. mHealth technologies can enable a variety
of technical features that facilitate better education and
self-management for patients with COPD, which, in turn,
persuade patients to change their behavioral intentions toward
self-care. Featuresincluded in such mobile technol ogies can be
utilized for health-related purposes. They should be useable by
al types of patients, including the elderly, people with low
literacy, and people with disability [8]. To give an illustrative
example, a patient can use amobile app to plan daily activities
in advance and will receive notification messages or short videos
to remind him/her of the activities. Additionally, patients can
monitor their symptoms and vitals when related data are
collected from the sensors through the use of Bluetooth.

http://formative.,jmir.org/2019/1/e12489/

COPD can lead to behavioral problems [5] that increase the
threat of disease progression. These problems are related to
daily lifestyle and medication-taking behaviors. Behavioral
problems occur dueto alack of accessto appropriate skillsand
knowledge that can help patients better manage their conditions
[9]. The consequences of breathlessness are manifested as
functional impairment that leads to psychological limitations.
Patients with COPD aways experience anxiety, which causes
depression and distress[10]. When patients panic about the fear
of becoming breathless, they cannot be easily motivated to
engage in self-care behavioral activities. Additionally, better
lifestyle behaviors can be accomplished when patients receive
recommendations about outdoor pollution hazards, smoking
cessation techniques, and regular exercises. Relevant knowledge
and skills help devel op self-efficacy, which increases patients
confidence in their abilities to perform behavioral actions.

A behavioral change-support system (BCSS) has become an
attractive tool for information system researchers to explore
and understand the mechanism of empowerment education for
adult learners. BCSS has been found to be an important agent
of change at individual and social levels[11]. When thelearning
and recommendation content of interventions is designed with
respect to BCSS strategies, the intervention will influence
patients' engagement and behavioral change through areal-life
experience. With the use of such strategies, the self-management
intervention tool for COPD can include features such as task
compression and follow-up looping [11].

The objective of this research is to design and develop an
innovative mobile-based technology that offers a complete
solution for patientswith COPD. Thisdesign would resolvethe
issues of lack of awareness about the risk factors of COPD,
information accessibility, and management of COPD symptoms
among patients with COPD. The problems are investigated
through the lens of design science research [12,13], whichisa
research approach that aimsto design and eval uate an innovative
technology [12] and involves processes that consult scientific
theories (ie, health belief model) [13]. Design science research
sheds light on patients' needs and creates an effective assistive
technology to fulfill those needs. The innovative design
introduces three modules with complete and integrated features.
The design offers education, risk reduction, and monitoring
modules in one artifact called “MyLung.” Therefore, the
guestions of this study drive the design process to create an
effective information technology artifact. We aimed to address
the following main research question: How can an effective
integrative assistive mobile-based technology be designed to
improve patients understanding of COPD (knowledge about
the risk factors and consequences of COPD) and to increase
patient behavioral intention toward self-care?

Prior Work

Telemonitoring and mHealth technologies are relatively new
fieldsin COPD research [14]. Tabak et al [15] reported a pilot
study on the use of atelehealth program for patientsin the stable
stage of COPD. The telehealth program consisted of different
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features including Web-based exercise and self-management
of COPD exacerbations. The system helped patients measure
their physical activities via an accelerometer-based activity
sensor. The physical activitieswere presented on the Web portal.
In order to manage any exacerbation, patients were asked to fill
in their diary on the Web portal which, in turn, fed the decision
algorithm to detect the exacerbation. Although the study
provided a solution to manage patient exacerbations, the design
of the system lacked simplicity. Hardinge et al [16] reported
the findings of a 6-month cohort study of COPD patients’ use
of an mHealth app adapted to run on an Android tablet. The
app was designed by a multidisciplinary team that included
primary care physicians, respiratory nurses, a secondary care
respiratory physician, a psychiatrist, and engineers. The app
allowed patients to self-report their symptoms. Neither of the
abovementioned studies showed promising results on the
effectiveness of app usage. The failure to detect a significant
effect on adherence to daily activities may be attributed to the
process of designing a solution that lacks motivation and
engagement mechanisms. Additionally, both designs lacked
empowerment and behavioral motivation elements.

Methods

Design

The mobile-based technology follows design science research
[12,13]. Design science research is well established in
information systemsresearch that aimsto design and implement
innovativetechnol ogiesthrough design cycles[12]. Theresearch
design comprises two design cycles, asillustrated in Figure 1.
The first cycle in this research project is referred to as a
prototype design cycle, and the second cycle is referred to as
the final design cycle.

The first design cycle was the prototype design, which started
by defining a specific research problem. The research problem
focuses on issuesrelated to educational empowerment and lack
of information accessibility for patientswith COPD. To establish
problem awareness, an initial literature review was conducted,
guided by the research problem, in order to introduce a set of
meta-requirements. To determine the gap in the literature, four
domainswere considered from the problem, namely, information
access, patient educational empowerment, chronic disease
management, and mobile hedth. Guided by the
problem-awareness step, we used the health belief model (HBM)
theory and BCSS principles to govern both the design
requirements and process. Using knowledge gained from the
literature and kernel theories, preliminary design requirements
were conceptualized. Subsequently, the design requirements
were trandlated into designed features for prototype
implementation. A demonstration session was then conducted
with a COPD physician, in which he examined the prototype
and provided more design requirements that fit patients' needs.
To collect more feedback on the effectiveness and usability of
the mobile-based prototype, we conducted a focus group
interview with information technology and health experts.
During the focus group session, each participant observed the
prototype and offered feedback through an online survey. The
new requirements and feedback initialized a new design cycle
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for better implementation of innovative mobile assistive
technology design.

In the second design cycle, the adapted requirements were
conceptualized to guide development of the final designed
features. Thus, we returned to the literature and consulted the
BCSS principles to address new suggested requirements. The
features were designed to provide a solution within one
information technology artifact, which we called “MyLung,’
and the design featureswereimplemented to improve the quality
of life for COPD patients. The information technology artifact
included an educational module, a risk-reduction module, and
amonitoring module. The educational module was designed to
increase patient's level of understanding about COPD by
providing reliable educational videos and information. The
risk-reduction module comprised featuresthat empower patients
with knowledge about ways to avoid risk-related factors. The
monitoring module included features that allow patients to
self-monitor their symptoms and vitals, including peripheral
capillary oxygen saturation (SpO,). The SpO, value is entered
through amedical device viaaBluetooth low-energy connection,
while the symptoms are entered using a clinical COPD
guestionnaire. The monitoring modul e a so provides adashboard
that helps caregivers and physicians intervene before
exacerbations occur. Figure 2 shows screenshots of the
mobile-based app that was used by real patients with COPD.

Procedure

The evaluation study started after obtaining institutional review
board approval from Claremont Graduate University and used
amixed-method approach and a sequential explanatory design:
Quantitative data were first collected from the questionnaires
that were distributed through Qualtrics (Segttle, WA), following
which qualitative data were collected in semi-structured
interviews. A purposive sampling was used to select patients
with COPD who visited apulmonary medicineclinicin southern
Cdlifornia. With purposive sampling, patients were selected
based on the research criteria listed below. Subseguently,
patients were assigned to one of two groups (intervention and
control groups) without the researchers knowing about patients
behavioral intentions. The intervention group received the
MyLung app, and the control group received booklet-based
information. We randomly assigned 15 patients to each group;
9 patients dropped out of the study, leaving a final sample of
21 patients (11 patientsin the intervention group and 10 patients
in the control group). On an average, the patients were elderly:
9% were 33-44 years old, 6% were 45-54 years old, 33% were
55-64 yearsold, 19% were 65-74 years old, and 33% were ol der
than 75 years. Of thetotal, 52% werefemale. All patients spoke
English at least somewhat fluently and were fairly educated,
with 10% having bachelor's degrees, 38% having associate
degrees or at least some college education, 42% having a high
school diploma, and 10% having less education than a high
school diploma. We started the subject recruitment process and
collected datain October 2017.

The inclusion criteria were as follows. receipt of a COPD
diagnosis, acceptable literacy level to read and deal with a
smartphone, and possession of a smartphone (Android or
iPhone).
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Figure 1. Design science research (DSR) cycles. IT: information technology.
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Patientsin theintervention group downloaded the MyL ung app
from Google Play or the Apple App Store, received an iHealth
Pulse Oximeter (iHealth Labs Inc, CA), and participated in a
training session. During the training, we made sure that patients
were able to connect the app with the pulse oximeter and
understand the app features. Additionaly, patients who were
assigned to the intervention group were given instruction guides
on how to use the MyLung features, whereas patients in the
control group were given a booklet comprising traditional
educational material about COPD. Prior to the training session
and participation in the experiment, patientsin both groups had
to complete a presurvey. The survey consisted of 11 questions
and was administered to patients with COPD to measure their
awareness level and knowledge of COPD, self-efficacy,
perceived severity, and overall intention to engage in a healthy
behavioral style. The postsurvey was sent to patients 1 month
after the recruitment day. Each patient in both groups received
an exit survey questionnaire that was similar to the presurvey.
The results from the quantitative analysis led to severa
follow-up interviews used in the qualitative study. The
qualitative analysisyielded rich insight into phenomenarelated
to app experience and behavioral change for patients with
COPD.

M easurements

In this section, each of the measurementsis explained in detail.
The measurementsincludethelevel of understanding, perceived
severity, self-efficacy, and behavioral intention. The scales used
for those measurements are derived from validated i nstruments.

http://formative.,jmir.org/2019/1/e12489/
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Perceived Awareness

To measure the change in the level of awareness about COPD,
an existing, validated questionnaire was adapted. The
understanding COPD questionnaire (UCOPD) assesses patients
understanding of COPD including their recognition of COPD
exacerbations[17]. Theinstrument includes six items designed
to assess patients' perceptions of COPD. The items are rated
on a Likert-type 5-point scale for each response (strongly
disagree=1, disagree=2, neither agree nor disagree=3, agree=4,
and strongly agree=5). The mean score for the responses of
those six items was computed and used for the analysis.

Self-Efficacy

“Self-efficacy” is one of the HBM determinants that explains
behavioral intention. The construct reflects patients’ belief in
their ability to perform behaviora tasks such as physica
exercises. In this study, we selected 10 measurement itemsfrom
avalidated and reliable COPD self-efficacy scale described by
Wigal et al [18] to measure the self-efficacy level. We selected
thoseitems because they show high factor loading. In the context
of COPD, the measurement of self-efficacy determines how
confident patients are in managing their breathing difficulty or
avoiding breathing difficulty in different situations. The items
are rated with a 7-point Likert scale (from extremely
uncomfortable=1 to extremely comfortable=7). The mean score
for the responses of those 10 items was computed and used for
the analysis.
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Figure 2. Screenshots from the MyL ung mobile app.
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Behavioral I ntention

Behavioral intention toward self-care is reflected from the
patient’s engagement in performing physical exercises and
higher intention to avoid related risk factors (eg, avoiding
outdoor pollution). Behavioral intention is measured using a
l-itemscale: “I intended to engage in the COPD recommended
behavior.” The response to this item was rated on a 5-point
Likert scale (from strongly disagree=1 to strongly agree=5).

Perceived Severity

“Perceived severity” reflects how patients perceive the
consequences of COPD. Perceived severity is measured using
a scale adapted from the HBM instrument by Champion [19].
The instrument determines a patient’s level of perceiving the
seriousness of COPD. Theinstrument includes eight itemsrated
on a5-point Likert scale (from strongly disagree=1 to strongly
agree=5). Themean score for the responses of those eight items
was computed and used for the analysis.
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Results

The pre-exposure analysis showed that all patients with COPD
in the two groups had similar perceptions about COPD, thus
indicating that the sample was representative and there was no
biasin sample selection (Table 1).

Quantitative Results

Thedifferences before and after use of the MyL ung app/bookl et
are presented in Table 2. The differences between the two groups
after use of the MyL ung app/booklet are presented in Table 3.

The paired-sample t test revealed that the difference in the
UCOPD score for the awareness level before and after using
the MyLung app was significant in the intervention group as
compared to the control group (mean 3.28 vs 4.56; t,,=6.062;
P<.001). Similarly, the independent samplet test revealed that
the difference in the UCOPD score between the intervention
group and the control group was significant after using the
MyLung app (mean 4.56 vs 3.31; t,5=4.80; P<.001). A
paired-sample t test reveded that the difference in the
self-efficacy score before and after using the MyL ung app was
significant in the intervention group as compared to the control
group (mean 3.11 vs 5.56; t,,=2.96; P=.014). In addition, the
independent samplet test (Table 3) revealed that the difference
in the self-efficacy score after using the MyL ung app between
the intervention group and the control group was significant
(mean 5.56 vs 3.66; t,4=2.8; P<.012). Although there were
marginal differences in the perceived severity score between
groups before and after using the app, statistical analysis showed
that the difference between the mean scoreswas not significant.
As shown in Table 2, a paired-sample t test revealed that the
differencein the perceived severity score before and after using
the MyLung app in the intervention group was not significant

Alharbey & Chatterjee

as compared to the control group (mean 3.03 vs 3.28; t,,=0.540;
P=.60). Similarly, the independent sample t test (Table 3)
reveal ed that the difference in the perceived severity score after
using the MyL ung app between the intervention group and the
control group was not significant (mean 3.28 vs 2.96, t,5=0.864,
P=.39). Asseen in Table 2, a paired-samplet test revealed that
the difference in the behavioral intention score before and after
using the MyL ung app in theintervention group was significant
as compared to the control group (mean 2.91vs4.55; t,,=3.212;
P=.009). However, the independent samples t test (Table 3)
showed that the difference in behavioral intention score after
using the MyL ung app between the intervention group and the
control group was not significant (mean 4.55 vs 3.60; t;4=2.05;
P=.054). This result might be related to the small number of
subjects included in the study. Additionally, Table 2 reveals
that there was no significant difference in all measurements
before and after receiving the booklet-based training (control
group). This result concludes that booklets have no impact on
patients awareness and behavioral determinants.

Qualitative Results

Overview

We conducted a qualitative thematic analysis to extract key
themesfrom the qualitative data. Braun and Clarke [20] defined
thematic analysis asaprocess of identifying meaningful patterns
from qualitative data. Each pattern relates to a theme that is
built using the process of coding interview transcripts [20].
Thematic analysis is used in information systems research for
different purposes. Information systems researchers adapt
thematic analysis to understand interesting phenomena related
to information systems [21]. Additionally, thematic analysisis
used in the design science paradigm to eval uate the effectiveness
of information technology artifacts [22,23].

Table 1. Pre-exposure analysis comparing patients’ perceptions between the intervention group and control group.

Measure Intervention group Control group (n=10), Mean difference Levene test t test
(n=11), mean score mean score
F2.19 Pvaue t P vaue
(two-tailed)

Awareness level 3.28 3.33 0.05 5.86 <.01 0.2 .84
Self-efficacy 311 4 0.89 3.6 .07 157 13
Perceived severity 3.03 252 0.49 272 A1 182 .08
Behavioral intention 291 31 0.19 111 .30 0.39 .70
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Table 2. Pre-post comparisons within groups.
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Measure Control (n=10), mean score Intervention (n=11), mean score
Before After Difference P value Before After Difference P value
Awareness level 3.33 331 0.02 95 3.28 456 1.28 0012
Self-efficacy 4 3.66 0.34 34 311 5.56 2.45 0142
Perceived severity 2.52 2.95 0.43 43 3.03 3.28 0.25 .60
Behavioral intention 3.1 3.6 0.5 .50 291 4.55 164 0092
#These values are significant.
Table 3. Comparison between groups on postsurvey measurements.
Measure Intervention group Control group (n=10), Mean difference Levene test t test
(n=11), mean score mean score Fato Pvaue  t P value
(two-tailed)
Awareness |evel 4.56 331 125 3.77 .07 4.79 0013
Self-efficacy 5.56 3.66 19 1.62 22 2.78 012
Perceived severity 3.28 2.95 0.33 1.23 .28 0.86 .40
Behavioral intention 455 3.6 0.95 4.32 .051 2.05 .054

#These values are significant.

Four patients participated in our qualitative study. We started
the first semistructured interview with Participant 13 and
analyzed the transcript of this interview. The finding from the
analysisled to the subsequent interview with Participant 3 who
revealed more insights for the app’s usability. Subsequently,
we conducted two more semistructured interviews with
Participants 6 and 14. We stopped conducting more interviews
when the saturation point was reached. This saturation point
indicated that no more insights were being generated and all
emerging concepts were fully explored [24]. The process of
analysis started by coding the interview transcripts using a
computer-assisted qualitative dataanalysis system, NVivo (QSR
International, Melbourne, Australia). In this study, the coding
started by capturing information related to a patient’s
empowerment and user experience. We then related and
categorized codes that emerged into subthemes to aobtain a
comprehensive view of the information. Finaly, we related
subthemesto each other and defined atheme for each subtheme
category. This process ended by identifying four themes: patient
empowerment, quality of life, user experience, and perceived
Seriousness.

Patient Empowerment

Patient empowerment refersto the process of seeking knowledge
about patients’ health and motivating them to take responsibility
for their own heath [25]. Patient empowerment can be
established by increasing patients' attention to their COPD
symptoms. One participant noted that his attention to COPD
symptoms increased after using the MyL ung app.

It [the app] helped me to pay a little more attention
to the symptoms. | am the type that will just ignore
them. [P14]

http://formative.,jmir.org/2019/1/e12489/

The MyL ung app not only increases patients’ attention to their
COPD symptoms, but also influences caregivers attention in
order to avoid imminent COPD episodes.

Yeah, it was kind of giving me a warning to kind of
pay attention. | had two days of that, and that was
thefirst two days| put himon hisantibiotic, and then
it stopped giving the warnings after he started to feel
a little bit better. [P14]

Because of the decline in their daily activity, patients with
COPD are socidly isolated. The MyLung app encourages
caregivers to be more proactive and provide support to their
loved ones. Theresults show that when caregiversinteract with
the MyL ung dashboard, they feel closer to their patients.

I've dealt with a lot of health issues with both...both
my husband and my dad...and honestly, this is the
scariest one, and so it was nice to go back...When he
started not feeling good, I'm looking through
everything you had on there. [P14]

Patients can be empowered by their COPD physicians through
education, counseling, and patient-centered care[26]. M oreover,
the COPD physician can empower patientswith an early health
decision beforeaCOPD exacerbation occurs. Thisdecision can
be delivered through a dashboard that presents patients
symptoms and vitals to the COPD physician. Patients with
COPD feel empowered when a COPD physician receives their
information daily.

[11f my doctor was receiving that information, that
kind of made me feel a little better. You know, like if
he was to see something that wasn't normal, or if
something was too high or too low. [P6]
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Patients with COPD can evaluate their progress in comparison
with other patients by tapping on the profile feature in the
MyLung app. When a COPD patient is empowered by
information about other patients progress, he/she will be
persuaded to change hig/her lifestyle [11].

| liked the profile, overall, because it helped me to
see kind of where | was at, at least in comparison to
other people. [P3]
One participant described how the profile feature aided her in
evaluating her progress.

| noticethat...my symptomsalot of timeswerealittle
bit worsethan others, but...always...[ my] mental state,
overall, was always better than others. [P14]

Health-Related Quality of Life

By using the MyL ung app, health-related quality of life can be
improved for patientswith COPD. Health-related quality of life
is an outcome that can be determined by patient’s behavior
regarding self-management activities. According to Bourbeau
[27], behavioral change is considered a maor factor for
improving health outcomes in patients with COPD.

One participant explained how she changed her behavior to
avoid outdoor air pollution.

| try to stay inside. Well, I'm not outside a whole lot
anyway, but yeah, ifit'sinred | just try to stay inside
more than | normally would. [P6]
Another patient with COPD changed her health lifestyle after
using the MyLung app. She modified her dietary habits and
performed more breathing exercises.

Things you didn't know before, you learn, and you

can apply them...eating healthier, number one. [ And],

trying to exercise more. [P3]
Health-related quality of life can also be determined by the
outcome of the patient’s symptoms. A patient noticed an
improvement in her breathing capacity, which was enabled by
avoiding risk factors and engaging in breathing exercises
provided by the MyLung app.

It [the app] helps me with my breathing... [Pg]

Similarly, another patient noticed that her COPD symptoms
decreased after taking the medication. The notification messages
sent to her indicated that her symptom state was higher than
normal.

The only thing that has changed is the cough. That
decreased alot once| got the medication. That’swhy
| changed to that one. [P13]

User Experience

User experience occurs when a patient interacts with the app.
User experience is defined as the consequence of user
expectation of system services within which the interaction
occurs, including pleasure and enjoyment [28,29].

As noted above, most patients who uses the app are elderly.
Thus, an intuitive design can help patients access educational
information with the least effort and complete entering their

http://formative.,jmir.org/2019/1/e12489/

Alharbey & Chatterjee

COPD symptoms quickly. Therefore, we ensured that the user
experienceinvolved tapping through asfew screensaspossible.

[T]he education part was the least complicated
because everything was just right there. [P14]

Although Participant 14 faced some issues in connecting the
pulse oximeter device to the app, his overall experience with
the app’s usability was positive.

| think overall, it was easy to use. The only issue[I]
ever had was sometimes connecting the device on the
finger to the thing. It took a while. Sometimes going
inand out, to connect. But other than that, it wasvery
easy to use. [P14]

The intuitive design led to patient satisfaction with the app
content, practicality, and educational module that comprised of
texts and videos.

...it"'s good educational-wise for people with COPD,
so you learn thingsthat you didn't know before. | just
thought it was a good...I think it's a good app. [P3]

They're [app features] very helpful and | was very

satisfied. [P6]
Educational information isdelivered to the patientswith COPD
in many ways to ensure they have reusable content. The app
content includes texts, images, and videos and has been
organized in the way patients want or need to consume
information. One participant explained how she benefited from
educational tips by applying them to managing her conditions.

[In]the educational parts, you can go back and watch
the educational part and it'll give you tips as to how
to manage your breathing, what to do, you know, for
COPD exacerbation if you're not knowledgeabl e, and
use those tips and kind of monitor, and use the tips,
and they're helpful like that. [P3]

Moreover, patients’ experience with the app’s usability can be
evaluated by having effective notification messages that warn
patients before a COPD exacerbation occurs. These messages
can guide patients and their caregivers to take action.

...it [the notification message] helps me monitor my
oxygen, and it just seemsto be very helpful. [P3]

WEll, | definitely like the warning because at least |
know to keep a closer eye... [P14]

Although most patients with COPD were satisfied with the app,
two patients encountered some challenges using the pulse
oximeter device. These challenges related to both Bluetooth
connectivity and reading precision. Occasionally, Participant
14 faced some issues connecting the pulse oximeter device to

the app.

Theonlyissue[l] ever had was sometimes connecting
the device on the finger to the thing. It took a while.
Sometimes going in and out, to connect. [P14]

Female patients who were wearing nail polish might have
received inaccurate readings from the pulse device, asnail polish
can be problematic for obtaining areliable reading, particularly
for patients with COPD who are wearing black, green, or blue
nail polish [30]. Over the course of time, one patient using
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MyLung noticed that her SpO, values were not accurately

reflected when she was wearing nail polish. She thought the
pulse oximeter device did not work properly.

Well sometimes it doesn't work if you have fingernail
polish on...Not annoying, you just have to maneuver
your finger. [P3]

Perceived Seriousness

Patients perceive the seriousness of COPD when they believe
that it is life threatening. The consequences of the disease can
have a bearing on the quality of life and economic impacts,
among other aspects. Perceived severity is a key construct of
the HBM. This construct was used in the quantitative study to
measure the effectiveness of the MyLung app, as it explains
how patientswith COPD achieve higher level s of understanding
of the seriousness of risksafter using the MyL ung app. Although
the quantitative study showed that using the MyLung had no
effect on perceived severity, qualitative interviews were able
to gather insight into patients’ perception of disease seriousness.

Patients can respond to the seriousness of the disease by
avoiding risk factors that threaten their lives. Participant 6
explained how the MyLung app increased her attention toward
outdoor pollution.

WEll, | mean...like, if the air isbad just to stay out of

it. [P6]
Patients also perceived the seriousness of the disease from
economic impacts. Patients were afraid of losing their jobs.
Pati ents al so began to worry about the increasing cost of health
insurance coverage.

| got the intentions to stop, for a couple of reasons.
My health and also my insurance. If | stop smoking,
then my insurance will go down. [P13]

Discussion

This research study designs and evaluates an assistive
technology for patientswith COPD to increase awarenesslevels
and engage patients in self-care management activities. The
assistive technology aims to inform patients about the risk
factors of COPD and to improve accessto relevant information.
Integrating the findings from quantitative and qualitative
analysesled to inferencesthat described theimpact of thedesign
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in a comprehensive way. These inferences are referred to as
“meta-inferences’ [31,32]. According to Venkatesh et al [31],
metarinferences are defined as “the theoretical statements,
narratives, or a study inferred from an integration of findings
from quantitative and qualitative strands of mixed methods
research.” In this study, the inferences that emerged are
generalized statementsthat can be adapted by other researchers
interested in assistive technology in respiratory diseases. For
enhancement of meta-inferences, we developed the quantitative
inferencesfirst and the qualitative inferences second. Theresults
show agreat deal of convergence between the quantitative and
qualitativeinferences, but also reveal someinconsistent findings.
Overall, themesthat emerged from the qualitative analysiswere
found to be compatible with the quantitative findings. We found
that the design of the MyLung app empowered patients with
tools that led to improving their quality of life and increased
their intentions in health behavioral tasks. We found that the
MyLung app is useable, and patients were satisfied with the
app experience. Although the perceived severity of COPD was
not significant in the quantitative study, the qualitative analysis
reveal ed a contrasting result: Patientswith COPD perceived the
severity of the disease when they believed that the consequences
of COPD would threaten their life. In addition, the qualitative
results provided evidence to show that patients are concerned
about the financial burden caused by disease treatment.
Considering the integrated findings or inferences from both
analyses, we arrived at the following meta-inferences: (1) The
design of assistive technology for patients with COPD will
empower patients with a mechanism that improves patients
quality of life and increase patients intention toward health
behavioral tasks. (2) The design of assistive technology for
patients with COPD istechnically usable.

Our findings and meta-inferences have implicationsfor assistive
technology design, research on chronic condition management,
and health care. The results of this study can inform research
on heath information design. Meta-inferences act as
propositions that give researchers a useful starting point and
direction for future research to understand and investigate
phenomenarelated to research in chronic disease management
information systems. Researchers should investigate the role
of design in integrative mobile-based technology for patient
empowerment and health outcomes.
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