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Abstract

Background: Adequate self-management skills are of great importance for patients with chronic obstructive pulmonary disease
(COPD) to reduce the impact of COPD exacerbations. Using mobile health (mHealth) to support exacerbation-related
self-management could be promising in engaging patients in their own health and changing health behaviors. However, there is
limited knowledge on how to design mHealth interventions that are effective, meet the needs of end users, and are perceived as
useful. By following an iterative user-centered design (UCD) process, an evidence-driven and usable mHealth intervention was
developed to enhance exacerbation-related self-management in patients with COPD.

Objective: This study aimed to describe in detail the full UCD and development process of an evidence-driven and usable
mHealth intervention to enhance exacerbation-related self-management in patients with COPD.

Methods: The UCD process consisted of four iterative phases: (1) background analysis and design conceptualization, (2) alpha
usability testing, (3) iterative software development, and (4) field usability testing. Patients with COPD, health care providers,
COPD experts, designers, software developers, and a behavioral scientist were involved throughout the design and development
process. The intervention was developed using the behavior change wheel (BCW), a theoretically based approach for designing
behavior change interventions, and logic modeling was used to map out the potential working mechanism of the intervention.
Furthermore, the principles of design thinking were used for the creative design of the intervention. Qualitative and quantitative
research methods were used throughout the design and development process.

Results: The background analysis and design conceptualization phase resulted in final guiding principles for the intervention,
a logic model to underpin the working mechanism of the intervention, and design requirements. Usability requirements were
obtained from the usability testing phases. The iterative software development resulted in an evidence-driven and usable mHealth
intervention—Copilot, a mobile app consisting of a symptom-monitoring module, and a personalized COPD action plan.

Conclusions: By following a UCD process, an mHealth intervention was developed that meets the needs and preferences of
patients with COPD, is likely to be used by patients with COPD, and has a high potential to be effective in reducing exacerbation
impact. This extensive report of the intervention development process contributes to more transparency in the development of
complex interventions in health care and can be used by researchers and designers as guidance for the development of future
mHealth interventions.
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Introduction

Background
Chronic obstructive pulmonary disease (COPD) is a highly
prevalent chronic disease and is predicted to be the third leading
cause of mortality worldwide in 2030 [1,2]. Exacerbations are
important events in the course of COPD, as they accelerate the
decline in lung function [3], negatively affect the quality of life
[4,5], and lead to increased mortality and high socioeconomic
costs [6,7]. An exacerbation is defined as a sustained worsening
of patients’respiratory symptoms, which are beyond normal
day-to-day variability and may warrant medical treatment [8].
The absence of an adequate imminent exacerbation marker
requires a focus on supporting patients with COPD in developing
self-management skills to reduce the impact of exacerbations
[9]. Self-management is defined as an individual’s ability to
detect and manage symptoms, treatment, physical and
psychosocial consequences, and lifestyle changes inherent in
living with a chronic condition [10].

Recent interventions focusing on exacerbation-related
self-management (including the use of action plans) have shown
positive outcomes on quality of life and hospital admissions
[11,12]. However, there is still a substantial proportion of
patients with COPD who barely benefit from these kinds of
interventions [11-13]. This might be explained by the
one-size-fits-all and static approach regarding design, intensity,
and mode of delivery without a focus on individual exacerbation
patterns and actions. Moreover, recent interventions have a strict
focus on exacerbation detection and taking action and the use
is suboptimal [11,14,15]. To further reduce the impact of
exacerbations, more comprehensive, dynamic, and
individualized strategies are needed to improve the full spectrum
of exacerbation-related self-management behavior that meet
patients’ needs, perceptions, and capabilities [12,16].

Mobile health (mHealth) is considered promising in engaging
patients in their own health and changing health behaviors
[17,18]. The rapidly evolving nature and increased uptake of
mHealth are bound to influence the accessibility and the way
self-management support will be provided in the future, also in
patients with COPD [19-21]. Recent studies suggest that
mHealth interventions focusing on COPD self-management
lead to positive outcomes, although no firm conclusions could
be drawn because of poor quality and heterogeneity among the
studies [19,20]. Nonetheless, the use of mHealth creates
opportunities to strongly individualize interventions and to
provide more dynamic and intensive therapeutic stimuli that fit
with real-time health status and individual exacerbation patterns.
As a result, mHealth can reach patients at the right moment and
can provide tailored support anytime and anywhere, which could
stimulate the development of effective self-management skills
and change health behaviors.

To date, there is limited knowledge on how to design mHealth
interventions that are effective, meet the needs of intended end
users, and are perceived as useful [17,22]. Designing mHealth

interventions to change health behaviors is complex and needs
theoretical grounding to increase the design’s efficacy. In current
thinking about the development of behavior change
interventions, the importance of theory is clear [23-26], but the
way in which theory should be incorporated in the design
process is not [24,27,28]. Furthermore, specific steps in the
development of evidence- and theory-driven interventions that
involve the end users are rarely described transparently in
literature [22,29].

Objectives
During a 4-year period, our research team has developed an
evidence-driven and usable mHealth intervention to enhance
exacerbation-related self-management in patients with COPD.
By following an iterative user-centered design (UCD) process,
several studies were performed to increase the likelihood of
developing an mHealth intervention that is effective, fits with
patients’ needs and preferences, and can be successfully
implemented in routine COPD care. Some of these studies have
recently been published [15,30,31]. This paper underpins the
design and working mechanism of this COPD-specific mHealth
intervention and offers a novel and potentially effective method
to use evidence and theory to inform the design of mHealth
interventions in general.

The aim of this paper was to describe in detail the full UCD
and development process of an evidence-driven and usable
mHealth intervention to enhance exacerbation-related
self-management in patients with COPD, including the design,
iterative software development, and usability testing.

Methods

User-Centered Design Process
Guiding principles for the mHealth intervention were formulated
by the research team at an early stage to provide a framework
for making decisions during intervention development (Textbox
1) [32]. The guiding principles were based on recent evidence
regarding COPD self-management and were progressively
refined as the intervention development proceeded based on
outcomes of specific development steps that we described in
this paper. The mHealth intervention was developed by
following a UCD process involving patients with COPD, health
care providers (HCPs), COPD experts, designers, software
developers, and a behavioral scientist. The UCD was based on
the methodology as described by Johnston et al [33] consisting
of four iterative phases: (1) background analysis and design
conceptualization, (2) alpha usability testing, (3) iterative
software development, and (4) field usability testing (Figure 1)
[33]. Johnston et al [33] provide limited guidance on the specific
steps needed to develop an effective mHealth intervention that
meets patients’ needs and preferences and fits with current
COPD care. Therefore, we extended the first phase of the UCD
with subphases based on a comprehensive approach that
combines elements of the Medical Research Council (MRC)
framework development phase with elements of existing
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development models (Figure 1) [34]. The MRC framework is
a well-known and often used framework for the development
and evaluation of complex interventions in health care with a
specific focus on developing theory- and evidence-driven

interventions. The whole design and development process was
carried out between 2015 and 2019. The methods of each phase
are chronologically described in the following paragraphs. The
results of each phase are detailed in the Results section.

Textbox 1. Guiding principles for a mobile health intervention to enhance exacerbation-related self-management in patients with chronic obstructive
pulmonary disease.

The mobile health intervention should:

• meet individual patient needs, perceptions, and preferences regarding exacerbation-related self-management;

• synchronize with current health status and anticipate on the heterogeneity of exacerbations in and between patients;

• focus on target behaviors in the full spectrum of exacerbation-related self-management;

• include a chronic obstructive pulmonary disease (COPD) action plan along with ongoing self-management support;

• focus on the continuous development of self-management skills and behavior change;

• stimulate proactive self-monitoring;

• be safe, literacy-sensitive, and patient-friendly;

• be feasible in current Dutch COPD care; and

• meet the conceptual definition of a COPD self-management intervention: A COPD self-management intervention should be structured but
personalized and often multicomponent, with goals of motivating, engaging and supporting the patients to positively adapt their health behavior(s)
and develop skills to better manage their disease [16].

Figure 1. User-centered design for the development of the mobile health intervention. HCP: health care provider.

Phase 1: Background Analysis and Design
Conceptualization
The aim of the first phase was to identify the evidence base and
to achieve a theoretical understanding of the underlying process
of change for the intervention [35].

1A: Identify the Evidence Base

In phase 1A, a scoping literature review was performed in
Medical Literature Analysis and Retrieval System Online
(MEDLINE) to explore current systematic reviews on

interventions that focus on enhancing exacerbation-related
self-management in patients with COPD, including mHealth
interventions, and to identify potential effective intervention
components (Figure 1; phase 1A). Literature review on
interventions was an ongoing process during the whole
intervention development process, to stay up to date on
developments about (mHealth) interventions focusing on
exacerbation-related self-management.
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1B: Identify Key Behaviors and Concept Mapping

In phase 1B, a scoping literature review was performed in
MEDLINE to specify symptom fluctuation phases during the
course of COPD and to identify relevant self-management
behaviors that can reduce exacerbation impact (Figure 1; phase
1B). Two researchers (YK and JT) developed a conceptual
model of patients’ fluctuations in symptoms during the course
of COPD. Then, an initial set of relevant self-management
behaviors was generated and added to the conceptual model.
The methods of the scoping review and stepwise development
of the conceptual model are published elsewhere [15].

1C: Problem Analysis

A problem analysis was included to provide insight into the
problems experienced by patients and identified by experts to
determine the intervention targets and to set boundaries of the
intervention (Figure 1; phase 1C). A two-round Delphi study
with 19 international respiratory experts (medical doctors and
key researchers in the field of COPD) was performed. In this
study, insight into expert opinion was provided on the most
relevant set of self-management behaviors that have the potential
to maximally reduce the impact of exacerbations and is feasible
to target and influence before, during, and after an exacerbation.
The methodology is described in depth in the publication of this
study [15]. Furthermore, a grounded theory study using
individual in-depth interviews with patients with COPD (n=15)
was performed [36]. In this study, patient perceptions,
capabilities, and needs with regard to exacerbation-related
self-management were explored to identify and explain the
underlying process of exacerbation-related self-management
behavior in patients with COPD. The methodology is described
in depth elsewhere [30].

1D: Needs Analysis

Patients' needs regarding exacerbation-related self-management
were partially identified in phase 1C because these needs flowed
naturally from the problems perceived by patients [37]. An
additional needs analysis was performed to further investigate
specific needs and explicit requests for care with regard to using
mHealth for self-management (Figure 1; phase 1D) [37]. To
develop an mHealth intervention with optimal usability and
feasibility, a deep and early understanding of both patients’ and
HCPs’ perspectives was considered to be important [38].
Therefore, a qualitative study using focus group interviews with
both patients with COPD (n=13) and HCPs (n=6) was performed
to (1) explore their willingness to use mHealth for
self-management of exacerbations, (2) identify potential benefits
and barriers of using mHealth, and (3) explore needs and
preferences regarding the content of an mHealth intervention
[39]. The methods of this step are further described in the paper
of this study [31].

1E: Current Practice Analysis

An analysis of COPD guidelines and current practice was
performed to gain insight into current exacerbation-related
self-management support and to explore the added value of the
intended intervention compared with regular care (Figure 1;
phase 1E). Individual semistructured interviews with HCPs
(n=10) were performed to identify HCPs’ perspectives with
regard to care provided and their role in providing

self-management support. Purposive sampling was performed
in primary and secondary care settings. The following topics
were discussed: current interventions to support
exacerbation-related self-management, HCP experiences with
providing self-management support, perceptions toward HCPs’
roles and responsibilities, barriers in providing self-management
support, and the potential to use mHealth for self-management
support. All interviews were audiotaped, transcribed verbatim,
and analyzed by open, axial, and selective coding [40].

1F: Intervention Design

The aim of the intervention design phase (Figure 1; phase 1F)
was twofold: (1) to map out the potential working mechanisms
triggered by the intervention and (2) to develop the flow and
content of the intervention. During this phase, a decision was
made on the target behaviors of the intervention. The behavior
change wheel (BCW) method was used to analyze the target
behaviors and to design intervention components [41]. First,
based on the literature, behavioral analysis was performed by
two researchers (YK and SH) to identify what needs to change
in patients’ capability, opportunity, and motivation to improve
each target behavior (capability, opportunity, and motivation
model of behavior [COM-B] analysis) [41]. Second, the
theoretical domains framework (TDF) was used to elaborate on
the behavioral analysis by mapping the 14 domains of the
framework onto the capability, opportunity, and motivation
components of COM-B [41]. Third, potentially relevant
intervention functions and behavior change techniques (BCTs),
matching users and context, were selected using criteria provided
by the BCW [41] (see Multimedia Appendix 1). Logic modeling
was used to map out the potential working mechanism of the
intervention by detailing all evidence and assumptions
underpinning the pathway from the intervention to the long-term
impact on outcomes [42,43]. The logic model starts with the
target behaviors and details what needs to change in behavior
(TDF), by which intervention functions and BCTs, and through
which specific intervention components, including factors that
could influence the working mechanism, and results in short-
and long-term outcomes. The logic model components were
based on the evidence gained from all previous phases, and
consensus on the components was reached during research group
meetings. On the basis of this model, design requirements were
formulated.

Furthermore, creative ideas with regard to the intervention
design were explored using methods derived from design
thinking [44]. In a pressure cooker session with three
independent creative designers, initial ideas on the design were
presented by focusing on potential techniques to change health
behaviors and to enhance engagement with mHealth. After this
session, collaboration with a creative design agency (Panton
BV, Deventer, the Netherlands) specifically focusing on health
care solutions was initiated. By following an iterative design
process, the flow and content of the intervention were designed,
and various design styles were developed using low-fidelity
prototypes—paper prototypes that visualize design solutions.
In the early stages of digital user interface design, such
low-fidelity paper prototypes are often used to determine
requirements for the architecture and functionalities of the
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specific intervention to be designed [45]. The paper prototypes
were tested in phase 2 of the UCD.

Moreover, the content of a symptom-monitoring module was
developed during this stage. The module aimed to determine
the individual COPD patient’s normal day-to-day variability in
symptoms to be able to set the patient’s normal symptom pattern.
The content validity of the module was evaluated by experts in
the field of COPD (n=8) according to the Lynn method [46].
Each symptom was rated on relevance and linguistics by
answering four questions. All questions about relevance were
rated on a 4-point Likert scale (1=not relevant, 4=relevant).
Linguistics was determined by if the interpretation was clear
(yes or no). The item-content validity index (I-CVI) was
calculated for each relevance question to determine the number
of experts judging the content as valid (I-CVI>0.78=relevant).
Subsequently, the scale-content validity index (S-CVI) was
calculated to determine the relevance of the whole
symptom-monitoring module (S-CVI>0.90=excellent) [46].
Linguistics was considered to be clear when at least 75% of the
expert panel rated clearness of interpretation as a yes. A more
in-depth description of the development and content validity
assessment of the symptom-monitoring module is given in
Multimedia Appendix 2.

Phase 2: Alpha Usability Testing
In the second phase, alpha usability tests were performed by
investigating patient and HCP responses to low-fidelity paper
prototypes of the intervention in two steps: (1) evaluating the
intervention flow and content and (2) evaluating intervention
design styles [33]. At each phase of usability testing, we only
included patients who had not evaluated an earlier prototype.

2A: Evaluate Intervention Flow and Content

Perceptions, needs, and preferences regarding the intervention
flow and structure were evaluated with both patients with COPD
(n=6) and HCPs (n=6) to identify usability requirements (Figure
1; phase 2A). Individual semistructured interviews were held
using low-fidelity paper prototypes. The following topics were
discussed: experience with mHealth and written action plans,
the overall flow of the intervention, symptom-monitoring/action
plan scenarios, and the added value of the intervention.
Purposive sampling of participants was performed in primary,
secondary, and tertiary care settings. In total, 6 patients and 6
HCPs were included based on the general rule of thumb that
approximately 80% of all potential usability problems could be
identified by including 5 to 10 end users [47]. The inclusion
and exclusion criteria of the participants during usability testing
are detailed in Textboxes 2 and 3, respectively. Data were
thematically analyzed by two researchers independently [48].
Data analysis was supported by NVivo 10.0 software (2012;
QSR International Pty Ltd.).

Textbox 2. Inclusion criteria of participants during usability testing.

Inclusion criteria for patients with a clinical diagnosis [2] of chronic obstructive pulmonary disease (COPD)

• Age >40 years

• Spirometry forced expiratory volume in 1 second/forced vital capacity ratio <70%

• ≥1 exacerbation in the last 12 months before entering the study (defined as a period of symptom deterioration in which the use of a course of
corticosteroids and/or antibiotics was required, or hospitalization was necessary)

• Adequate communication skills

• Willing and able to comply with study procedures and give written informed consent

• Patients who are judged by their health care provider to have suitable hearing and vision

Inclusion criteria for health care providers

• Having a patient–health care provider relationship with patients with COPD

• Supporting patients with COPD in self-management

• At least one year of experience with COPD care

Textbox 3. Exclusion criteria of participants during usability testing.

Exclusion criteria for patients with a clinical diagnosis of chronic obstructive pulmonary disease

• Diagnosed with cognitive impairments

• Life expectancy ≤3 months

• Primary diagnosis of asthma, cardiac disease, or other major functionally limiting diseases

Exclusion criteria for health care providers

• Not applicable
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2B: Evaluate Intervention Design Style

Next, the preferences of patients with COPD regarding
intervention design style were explored by individual
semistructured interviews (n=11; Figure 1; phase 2B) [33].
Low-fidelity paper prototypes were used to present variations
in design style and tone of voice. Purposive sampling of
participants was performed in a physiotherapy practice and a
rehabilitation center according to the inclusion and exclusion
criteria for patients in Textboxes 2 and 3. Data were analyzed
by 2 researchers independently through summarizing the
advantages and disadvantages of each design style and the
overall preferences regarding design style. On the basis of the
results of both alpha usability steps, the intervention design was
finalized for further software development.

Phase 3: Iterative Software Development
The software of the mHealth intervention was developed during
a 12-week period according to a scrum-based design method
consisting of five development sprints (Figure 1; phase 3) [49].
During biweekly stakeholder meetings, the research team,
designers, and software developers met in person to evaluate
the current stage of development and to make decisions on the
further development of the first version of the mHealth
intervention (minimum viable product; MVP). The mHealth
intervention was built in React Native (Massachusetts Institute
of Technology licenses), a software structure that is easy to
adapt and suitable for both iOS and Android. This saves time
and money during the initial and future development of the
intervention and fits within the agile development process of
the intervention.

Phase 4: Field Usability Testing
In the fourth phase, field usability tests of the MVP (ie, tests
with a high-fidelity prototype within the context in which the
intervention will actually be used) were performed with patients
with COPD (n=7) and HCPs (n=3) using cognitive task analysis
[47,50]. This mixed methods study focused on three quality
components: task success, user errors/problems, and satisfaction,
based on Nielsen’s heuristics and the International Organization
for Standardization’s usability standard 9241-11 [51]. Purposive
sampling of participants was performed in primary, secondary,
and tertiary care settings until data saturation was reached. In
line with the procedure of phase 2, a minimum of 5 patients
were included according to the inclusion and exclusion criteria
of Textboxes 2 and 3. Participants were observed while
performing tasks with the MVP and asked to think aloud to
clarify their decision-making process and express experienced
user problems and errors [51]. After the task analysis, the
validated 10-item system usability scale (SUS) was filled out
by patients to get a global view of usability [52]. Each item was
scored on a 5-point Likert scale, and all items were converted
to a total score (range 0-100, a score>70 is considered to be
acceptable) [52,53]. Furthermore, semistructured interviews
were conducted. On the basis of previous research and the
technology acceptance model [54,55], the following topics were
formulated: the first impression of the app, ease of use,
satisfaction, perceived usefulness, applicability, attitude toward
using the app, and the content of the app. The whole procedure
with patients was video recorded without the faces of

participants being visible. The procedure with HCPs was more
pragmatic in nature because the MVP did not include a specific
HCP interface. However, the relevant functions for HCPs could
be tested within the MVP. Therefore, only 3 HCPs were
included, and the procedure was only observed by 1 researcher
who simultaneously made notes.

The performance of tasks by patients was observed by two
researchers independently. An observation list was used to note
task success, users’ errors/problems, and participants’
expressions for each task. The performance of tasks was scored
as successful (1 point), partially successful (0.5 points), or
unsuccessful (0 points) [56]. The observation lists were
discussed by the researchers to reach a consensus on the
performance of tasks and the identified problems and errors.
The data from the think-aloud method were used to derive a
better understanding of task performance. A severity score
ranging from 0 (no usability problem) to 4 (usability catastrophe)
was given to each problem based on the impact and frequency
of the problem [57]. Data from the semistructured interviews
were analyzed by 2 researchers independently using thematic
analysis [48]. The data analysis of HCPs observations was
performed by only 1 researcher, and the semistructured
interviews were only summarized.

The usability studies were approved by the Medical Ethics
Research Committee of the University Medical Center Utrecht
(17–887), and all participants gave written informed consent.

Business Modeling
Business modeling, based on the principles of the lean startup
methodology [58], was performed parallel to phase 1F until
phase 4 to ensure valorization and sustainable implementation
of the mHealth intervention in its intended care practice (Figure
1) [59]. Business modeling included contextual inquiry and
continuous investigation of relevant stakeholder needs (patients
with COPD, HCPs, policy makers, and health care insurers) to
better understand what should be accomplished with our
mHealth intervention and to obtain value drivers to underpin
choices in what to design [59]. The needs of patients with COPD
and HCPs were investigated in phases 1C, 1D, and 1E, and
individual conversations with policy makers and health care
insurers were held to identify their perspectives toward the
mHealth intervention. Furthermore, the best innovation and
distribution routes and market opportunities were explored in
conversations with stakeholders to investigate their interests
and financial incentives to support self-management with
mHealth. Competition analysis was performed to explore the
value of our intervention with respect to existing mHealth
technologies. Finally, conversations with vendors in the field
were held to explore business opportunities.

Results

Phase 1: Background Analysis and Design
Conceptualization

1A: Identify the Evidence Base
A total of four relevant systematic reviews on
exacerbation-related self-management interventions and two
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systematic reviews specifically focusing on mHealth
interventions to improve exacerbation-related outcomes were
identified. Self-management interventions, including
exacerbation action plans along with ongoing self-management
support, were associated with positive outcomes on quality of
life, hospital admissions, and health care use [11,12,60]. A
review of self-management interventions delivered immediately
following an acute exacerbation showed no significant effect
on quality of life nor hospital admissions [61]. All reviews
showed large heterogeneity in interventions making it hard to
draw conclusions on effective components of these
interventions. Furthermore, mHealth interventions facilitating,
supporting, and sustaining self-management among people with
COPD significantly improved quality of life, and levels of
activity [19]. Smartphone interventions in patients with COPD
with exacerbations, without a specific focus on
self-management, were found to be useful in reducing the
number of patients having a COPD exacerbation [20]. These
results should also be interpreted with caution because of the
heterogeneity among studies.

On the basis of these findings, it seemed promising to use
mHealth strategies that specifically aim at enhancing
self-management behavior. It was considered important that the
mHealth intervention includes a COPD action plan along with
ongoing self-management support, which confirmed our guiding
principle to include an action plan. Furthermore, a conceptual
definition of a COPD self-management intervention was
published in 2016 [16]. Given the need for consensus on what
defines a COPD self-management intervention, this definition
was added to the guiding principles (Textbox 1).

1B: Identify Key Behaviors and Concept Mapping
A conceptual model picturing the event of an exacerbation was
developed by distinguishing five phases before, during, and
after an index event. Specific aims regarding the reduction of
exacerbation impact were formulated for each phase of the
conceptual model. The conceptual model is published elsewhere
[15]. On the basis of the knowledge generated from the
literature, an initial set of 27 relevant self-management behaviors
aiming to reduce exacerbation impact was identified and
assigned to the relevant phases of the conceptual model. This
initial set of self-management behaviors was introduced to
experts in the first round of the Delphi study (Figure 1; phase
1C) to reach a consensus on the most relevant behaviors [15].

1C: Problem Analysis
A Delphi panel of 19 international experts reached a consensus
on 17 self-management behaviors that can be targeted and
influenced before, during, and after an exacerbation (Figure 1;
phase 1C). This set of behaviors has the potential to maximally
reduce the impact of exacerbations. The self-management
behaviors were related to the following broader categories:
adherence to pharmacotherapy, influenza vaccination, physical
activity/exercise, avoiding stimuli, smoking cessation, early
detection of symptom deterioration, medical treatment of
exacerbations, managing stress and anxiety, and awareness of
recurrent exacerbations [15]. The 17 self-management behaviors
were considered as potential target behaviors for the mHealth
intervention. Our grounded theory study (Figure 1; phase 1C)

has resulted in a conceptual model explaining factors that
influence exacerbation-related self-management from the
patients’ perspective. The conceptual model is published
elsewhere [30]. The conceptual model shows that
exacerbation-related self-management is influenced by five
generic factors: acceptance of COPD, perceived severity of
symptoms, knowledge of exacerbations, former experiences
with exacerbations, and social support. Furthermore,
heterogeneity of exacerbations and habituation to symptoms
were identified as specific factors influencing the capability to
recognize an exacerbation. Performance of self-management
actions was specifically influenced by perceived influence on
exacerbation course, feelings of fear, self-empowerment, trust
in health care provider, patient beliefs, and ambivalence toward
treatment [30]. These factors were included as moderating and
mediating factors in the working mechanism of the intervention
(see also 1F: Intervention Design section).

1D: Needs Analysis
Our needs analysis (Figure 1; phase 1D) resulted in an overview
of potential benefits and barriers regarding the use of mHealth
to support self-management and early ideas on the content of
the intervention [31]. Both patients and HCPs emphasized the
need for a multicomponent and tailored mHealth intervention
that focuses on improving patient self-management skills by
determining health status and providing adequate information,
decision support, and feedback on self-management behavior
in an advisory manner. Important findings were that patients
and HCPs emphasized that an mHealth intervention should
never replace patients’ own feelings nor undermine their own
decisions. The intervention should be complementary to regular
(personal) contact with HCPs and should facilitate adequate
self-management support by HCPs. Discussing self-management
skills with HCPs in personal consultations was believed to be
essential to improve these skills. Both patients and HCPs
expressed doubts regarding (real-time) the monitoring of
symptoms by HCPs because of safety reasons and time
constraints, although early detection of exacerbations was
considered to be an important benefit. Moreover, the
intervention should be attractive, straightforward, rewarding,
and safe. Finally, patients emphasized that using mHealth should
be their own choice and should never be enforced. On the basis
of these findings, the design requirements for the intervention
were formulated. Further results of the focus group interviews
are published elsewhere [31].

1E: Current Practice Analysis
On the basis of three Dutch health care standards focusing on
COPD [62-64] and 10 interviews with HCPs, insight into current
exacerbation-related self-management support was provided.
Two pulmonologists, 2 nurse specialists, 2 pulmonary nurses,
2 general practitioners, and 1 primary care nurse (4 males/6
females, work experience range 3-20 years) were interviewed.
An important finding was the lack of standardized
self-management support and limited use of evidence-based
interventions by HCPs. There was a large variation in providing
information about exacerbation-related self-management with
regard to timing, topics discussed, and mode of delivery. Only
a few HCPs used a COPD action plan and prescribed
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self-treatment with prednisolone and/or antibiotics to stimulate
self-management. More than half of the HCPs (n=6) expressed
that patients had no specific case manager. Providing
self-management support was mostly perceived as a shared
responsibility between HCPs, although individual
responsibilities of the HCPs involved were unclear. Most HCPs
felt that there is large room for improvement in self-management
support by HCPs. Barriers in providing self-management support
were the lack of standardized self-management support and
clarity in responsibilities between HCPs, limited availability of
HCPs, limited case management, limited time during
consultations, limited financial resources, and suboptimal
interdisciplinary communication in COPD care. The findings
from the current practice analysis were included as moderating
and mediating factors in the working mechanism of the
intervention (see also 1F: Intervention Design section).

1F: Intervention Design
During the intervention design phase, the research team decided
to initially focus on the three target behaviors: (1)

self-monitoring of symptoms and early detection of an
exacerbation, (2) taking prompt individualized self-management
actions, and (3) prompt contact with an HCP. On the basis of
insights from phase 1C, these behaviors were expected to
contribute most to the reduction of exacerbation impact, had
the potential for large improvement, and were considered most
feasible to influence. The choice for these three behaviors was
made, given the importance of aggregating the target behaviors
that fit together and are considered to have the largest impact
on exacerbations [65]. On the basis of behavioral analysis of
these behaviors, potential intervention functions and BCTs were
selected for the intervention [41]. The behavioral analysis of
the target behaviors, including the final intervention functions
and BCTs is described in detail in Multimedia Appendix 1.
Figure 2 shows the logic model of the intervention that
synthesizes all the evidence gained in the previous phases (phase
1A until 1E), including the selection of final intervention
functions and BCTs.

Figure 2. Logic model of a mobile health intervention to enhance exacerbation-related self-management in patients with chronic obstructive pulmonary
disease. BCTs: behavior change techniques; COPD: chronic obstructive pulmonary disease; HCP: health care provider; TDF: theoretical domains
framework.

On the basis of the results of all previous phases, design
requirements for the mHealth intervention were formulated (see
Textbox 4). At this stage, the research team and design agency
decided to develop a mobile app to enhance exacerbation-related

self-management in patients with COPD. On the basis of design
requirements, a concept of the flow and content of the app and
various design styles were developed using low-fidelity paper
prototypes.
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Textbox 4. Design requirements for the mobile health intervention.

The mobile health (mHealth) intervention should:

• at least focus on self-monitoring of symptoms and early detection of exacerbations and taking prompt self-management actions including prompt
contact with a health care provider (HCP);

• support patients in developing self-management skills over time (learning by doing) and changing behaviors;

• focus on (aggregated) self-management behaviors before, during, and after an exacerbation;

• include a chronic obstructive pulmonary disease (COPD) action plan with an educational component along with ongoing support;

• be comprehensive/multicomponent and tailored to individual patients;

• provide adequate information, decision support, and feedback on self-management behavior (in an advisory manner);

• take into account the factors influencing exacerbation-related self-management;

• fit with current COPD care and be accessible for HCPs;

• facilitate adequate self-management support by HCPs;

• be complementary to regular (personal) contact with HCPs;

• be attractive, straightforward, rewarding, and safe;

• never replace patients’ own feelings nor undermine their own decisions; and

• not be enforced to patients. Using mHealth should be the patient’s own choice.

Furthermore, the symptom-monitoring module was developed
during this stage. Content validity of the symptom-monitoring
module was determined after two expert rounds. In total, these
eight symptoms were rated as relevant (I-CVI>0.78) and clear
(≥75% of the expert panel): Dyspnea, wheezing, nighttime
symptoms, coughing, sputum volume, sputum purulence, sputum
color, and fatigue. The relevance of the final
symptom-monitoring module, determined by three questions,
was considered to be high with S-CVIs of 0.93 or greater. More
detailed results and the final symptom-monitoring module are
shown in Multimedia Appendix 2.

Phase 2: Alpha Usability Testing

2A: Evaluate Intervention Flow and Content
Evaluation of the flow and content of the intervention with both
patients with COPD and HCPs resulted in overarching themes
related to the intervention flow and an overview of usability
requirements. The baseline characteristics of the participants
are shown in Multimedia Appendix 3. The patients recruited
from tertiary care all had a written action plan, whereas the other
patients only had verbal agreements with their HCPs.

The Intervention Flow and Content

Overall, all patients and HCPs were positive about the
intervention flow that consisted of four steps: (1) personalization
of an action plan, (2) intensive monitoring of symptoms, (3)
adjusting initial action plan based on monitoring period, and
(4) regular use (filling out symptoms on a regular basis and
receiving support on individualized actions). However, the
patients who believed that they were well aware of their
symptoms did not directly perceive that they could benefit from
the intensive monitoring period. Overall, patients preferred
personalization of the duration of intensive monitoring and the
timing of notifications. HCPs felt that they should have
autonomy in determining how, and at which moment, the action
plan should be reviewed and adjusted. On the basis of specific
mockups used to explore preferences regarding symptom
registration and determining symptoms status, the most intuitive
and straightforward scenarios were identified. For example,
mockup 1 was considered to be the best solution to determine
symptom status by all patients (Figure 3).

Figure 3. Low-fidelity paper prototypes of 3 scenarios to determine symptoms status.

The Added Value of the Intervention

Patients expressed that the app could create awareness into their
own situation and could support early detection of symptom

deterioration and taking prompt actions. The adjustability and
accessibility of the app were perceived as benefits compared
with using a written action plan. Furthermore, both patients and
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HCPs were positive about the overview of registered symptoms
and undertaken actions as a tool to start the dialog about
patients’ self-management behavior. Moreover, personalization
and tailoring of the app were considered to be an important
benefit:

Finally an app that is not for COPD but for me
personally. [Patient 2]

Needs With Regard to the Intervention

Patients expressed a clear need for an accessible and reliable
app that provides insight into their own situation and eliminates
their doubts by including reflective questions. Patients stressed
the importance of an app that is straightforward, for example,
by providing simple and effortless instructions in case of serious
dyspnea that causes panic, such as:

breathe slowly or call the doctor: It has to be simple,
because energy is air. [Patient 3]

They would like to use the app to inform relatives about their
situation. Both patients and HCPs emphasized that the app
should stimulate prompt contact with an HCP:

Patients experience feelings of fear you know, like:
when I am raising an alarm, I might have to take
prednisolone or I might be admitted to the hospital,
so therefore I won’t make the call...Will that be
included in the app as well? [HCP 1]

Furthermore, HCPs explained that the app should provide insight
into patient symptoms over time and realize more proactive
care instead of reactive care. Most HCPs felt that a separate
HCP interface to personalize the app would increase the usability
of the app in daily practice.

Usability Requirements

On the basis of the results of phase 2A, usability requirements
were formulated for the software development phase (see Table
1).

Table 1. Usability requirements for the mobile health intervention.

Patients with chronic obstructive pulmonary disease (n=6) and HCPsa (n=6)Topics of importance to users

Content • App should be reliable and accessible
• Information should be straightforward and individualized
• App should provide insight into symptoms over time
• App should support prompt contact with an HCP
• App should be a tool that can be used to get into dialog with HCPs about self-management behavior

Tailoring of the app • Intensive monitoring period and timing of notifications should be personalized
• HCPs should have autonomy in determining how, and at which moment in the care process, the action plan

should be reviewed and adjusted

Interface • The action plan should preferably be personalized in a separate HCP interface

Design style • The design style should be restrained and clear without too much text.

aHCP: health care provider.

2B: Evaluate Intervention Design Style
In total, three potential design styles of the intervention were
explored with patients with COPD (see Baseline characteristics
in Multimedia Appendix 3. Mockups of the action plan,
symptom registration, action registration, and the overview of
symptoms and actions over time were used (see example in
Figure 4). There was no consensus on a preferred design style.
In general, patients preferred a restrained and clear design style
without too much text. A few patients were positive about a

more numerical design, whereas other patients found it hard to
express their symptoms in numbers. There was a wide variety
in preference regarding the tone of voice (distant vs personal
tone of voice). Overall, patients were positive about using
symbols. Most patients were negative about using an avatar in
the app as it has no added value, and some patients considered
an avatar to be childish. On the basis of these results, a restrained
and clear design style without too much text was included as a
usability requirement (see Table 1).
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Figure 4. Low-fidelity paper prototypes of three symptom monitoring design styles.

Phase 3: Iterative Software Development
Iterative software development resulted in a functional mobile
app for patients (Copilot app) that can be used to (1) compose
an action plan together with an HCP (based on a COPD action
plan using color zones that is included in Dutch care
standards)[66], (2) monitor symptoms and undertaken actions,
(3) review symptoms and undertaken actions, and (4) read
information about COPD and exacerbations. At this stage, the
final integrated list of BCTs needed to ensure this MVP adhered
to both the guiding principles (Textbox 1) and the design
requirements (Textbox 4) was constructed by two researchers
(YK and SH) using the BCW framework. In total, 6 intervention
functions and 11 BCTs were selected for the MVP (see Figure
2 and Multimedia Appendix 1). During the iterative software

development process, the research team made decisions to add
steps to the flow of the app that were not thought of beforehand,
such as including an onboarding program to register and
personalize the patient’s action plan. At the same time, owing
to time and financial constraints, some steps were disregarded
and moved to later versions of the intervention, such as including
assistance in cases where patients are in doubt about contacting
their HCP.

Phase 4: Field Usability Testing
All functionalities of the MVP were tested by patients with
COPD, and all functionalities that belong to the HCP role were
evaluated with HCPs (see baseline characteristics in Multimedia
Appendix 3). Examples of the MVP are shown in Figure 5.
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Figure 5. High-fidelity prototype of the Copilot app (minimum viable product).

Usability Assessment
According to patients with COPD, the general usability of the
MVP was considered to be good based on the average rating of
90.7 (SD 6.7) on the SUS.

Task Success
Key tasks within the app were performed by all patients, and
some tasks were performed only by a few patients because of
time constraints (see Multimedia Appendix 4). Almost all
patients were successful in consulting the app for HCP contact
details and immediate help as well as to check self-management
actions in the specific color zones. Furthermore, reviewing
symptoms and undertaken actions was performed successfully
overall, except for 2 participants who did not know where to
find this overview. The information module was easily found
by most of the patients. Most difficulties in the performance of
tasks were observed during the symptom and action registration.
Most patients were able to fill out their symptoms, but some
patients overlooked the save button. One patient experienced
difficulty with selecting the right color zone because of difficulty
with scenario thinking. The support option for selecting a color
zone (gray zone) appeared not to be intuitive, and navigation
problems in the gray zone were observed. Overall, the HCPs
were able to personalize the action plan and to evaluate the
symptom-monitoring period. The performance of tasks by both
patients and HCPs is further specified in Multimedia Appendix
4.

User Errors and Problems
On the basis of task analysis and observations during random
navigation in the app, 23 user errors and problems were
identified by patients with COPD. In total, seven problems were
rated with the highest severity score of 4. These problems were
related to saving registered symptoms, accidentally deleting
symptoms and navigation in the gray zone. Moreover, five
problems had a severity score of 3 and were related to the action
plan overview, understanding of buttons on the home screen,
and changing HCP contact details. The lowest severity scores
(1 and 2) were assigned to 11 problems. Furthermore, 11 user

errors and problems were observed during the use of the app
by HCPs. The HCPs experienced problems with saving
registered symptoms as well. Another severe problem was
related to changing contact details (severity score 4). Two less
severe problems were related to personalizing and changing the
yellow zone of the action plan (severity score 3). The lowest
severity scores (0-2) were assigned to seven problems. A more
detailed overview of all user problems and errors is provided
in Multimedia Appendix 4.

Patients’ and Health Care Providers’ Perceptions
Toward Using the App
Overall, patients were positive about the app, as they found the
app supportive with regard to monitoring and evaluating
symptoms and taking prompt actions. On a scale from 1 to 10,
patients’ satisfaction rates ranged from 8 to 10 because of the
ease of use and the interface being intuitive. The patients who
frequently experienced exacerbations expressed an important
need for the app. Two patients who rarely experienced
exacerbations explained that the app will only have an added
value if additional support would be provided during the stable
phase (green zone). The interviews resulted in 13 themes that
were categorized into feelings about the app, the added value
of the app, the content of the app, and facilitators and barriers
to use the app. A description of these themes and illustrative
quotes is provided in Multimedia Appendix 4.

Field usability testing showed that a usable mHealth intervention
has been developed. On the basis of these results, improvements
for future versions of the app were revealed. The improvements
were determined in collaboration with the designers and focus
on the user errors and problems that were rated as most severe
(severity ratings 3 and 4), problems that were observed in both
patients and HCPs, or additional problems that were mentioned
in the interviews. An overview of these improvements is shown
in Multimedia Appendix 4.

Business Modeling
Business modeling resulted in a preliminary business plan that
provided important design input during the development steps
and will direct future development and implementation steps.
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The business plan guided the direction to actively involve HCPs
in providing the intervention to patients and the specific focus
on developing self-management skills over time (learning by
doing) to be distinctive from other Dutch mHealth solutions.
These outcomes were added to the design requirements (Textbox
4). During business modeling, market volume, and segmentation,
different innovation and distribution routes and revenue models
were systematically evaluated. Given current positive
developments with regard to funding of apps in the Netherlands,
especially those that are evidence-driven, a distribution strategy
will be chosen that includes health care insurers to ensure
implementation and continued use in Dutch COPD care.

Discussion

Principal Findings
This paper provides insight into a systematic and thorough way
of developing an evidence-driven and usable mHealth
intervention (Copilot) for patients with COPD to enhance
exacerbation-related self-management. Following an iterative
UCD process, a mobile app consisting of a personalized action
plan and symptom-monitoring module has been developed. The
intervention was developed by following a thorough and
well-underpinned process consisting of a background analysis
and design conceptualization phase leading to final guiding
principles, a logic model and design requirements, usability
testing phases leading to usability requirements, and iterative
software development of an MVP that adheres to these guiding
principles and design and usability requirements. This unique
approach of scientific engineering has resulted in an mHealth
intervention that meets the needs and preferences of patients
with COPD, is likely to be used by patients with COPD, and
has a high potential to be effective in reducing exacerbation
impact. Involving patients with COPD, HCPs, COPD experts,
and experts from design and behavioral science throughout the
development process increased the likelihood that the mHealth
intervention can be successfully implemented into Dutch COPD
care.

Copilot requires an active case manager role, as previous studies
have shown the need for ongoing case manager support
alongside the use of an action plan to achieve effective and safe
self-management [11,67]. The mHealth intervention was
developed as a tool to enhance patient self-management skills
that is complementary to personal interaction with an HCP. This
is in line with recent research underlining that a good
patient-HCP relationship is important for patients to engage and
take responsibility for their own health care [68,69]. The specific
focus on developing self-management skills over time is
distinctive from other mHealth initiatives, as research in the
past decade has focused increasingly on telemonitoring strategies
to decrease the impact of exacerbations [21,70,71]. The impact
of telemonitoring in the COPD population is, however, still
equivocal because of trial designs, unstandardized interventions,
and limited follow-up [21,70]. With telemonitoring, the
decision-making process is profession based. The working
mechanism of Copilot focuses on enhancing patients’
self-management skills over time. Therefore, no telemonitoring
strategies were included in our mHealth intervention.

Although our Delphi study has shown the need for a
comprehensive strategy to improve the full spectrum of
exacerbation-related self-management behavior [15], the first
version of our mHealth intervention focuses specifically on
self-monitoring of symptoms and taking prompt individualized
self-management actions. A less is more approach consisting
of only a few strong target behaviors that fit together was
considered to be imperative in creating impact [41,65]. When
changing these target behaviors is proven effective, we could
build upon these behaviors incrementally [41]. It is important
to note that not all relevant self-management behaviors have to
be addressed through mHealth, as HCPs should continue to
have an essential role in providing self-management support as
well [31].

Strengths and Limitations
A major strength was the systematic and thorough way of
developing Copilot according to a UCD that was based on
existing development models and diminished the chance of
missing important steps [33,34]. We have systematically
investigated and incorporated the views of end users,
continuously evaluated prototypes, and involved persuasive
design techniques to match user profiles and motivate patients
to engage in self-management, which is in line with the
person-based approach and the holistic framework for the
development of electronic health (eHealth) technologies [32,72].
Furthermore, we used guiding principles to easily recall the
principal and distinctive features of the intervention during the
extensive, iterative intervention development process [32].
Another important strength was the detailed analysis of
behaviors of patients with COPD using the BCW method and
selection of BCTs to underpin the pathway toward behavior
change [41]. Using the BCW method along with a UCD is
comparable with the methodology used by Curtis et al [22] to
develop a theory-driven and user-centered healthy eating app.
Their work also focused on a thorough analysis of target
behaviors, selection of BCTs, and exploration of user
preferences to underpin the design of the app with relevant
theory and evidence and ensure engagement among the target
population. However, Curtis et al [22] performed no specific
activities with regard to valorization and implementation of
their app during their development process [22]. To make both
the design and the implementation of our app value driven, we
performed valorization activities throughout the development
process of our app [59,72]. Business modeling helped us to
identify critical success factors that will influence the
sustainability and effectiveness of the app, which is often
overlooked during the development process of eHealth and
mHealth technologies [59].

From a health care and behavior change perspective, we chose
to use the MRC framework for the development of complex
interventions as a basis for our UCD, instead of a more general
software development approach. The four iterative phases were
inspired by the user-centered methodology used by Johnston et
al [33] for the development of a Web-based interface for patients
with COPD. The use of a more general software development
approach as a basis for the development process might have
provided more specific guidance to the software development
and usability phases beforehand. However, such approaches
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pay less attention to the activities needed to design a theory-
and evidence-driven intervention, which was an important focus
in our design process.

Furthermore, it should be noted that the extensive and thorough
development process increased the likelihood of developing an
effective intervention, although it is questionable if this process
is feasible in daily practice. The whole intervention development
process took place over a 4-year period, which is quite time
consuming and could increase the risk of a misfit with current
market developments or that technology has moved on by the
time of implementation [22,73,74]. The time-consuming
development was partly because of the inclusion of all the
development phases but was also related to developing an
mHealth intervention from a scientific environment. Developing
an intervention from science involves completing an empirical
cycle at each development phase and often includes an extensive
review of a study protocol by a medical ethics research
committee. Pursuing the rules of science during the development
process of an mHealth intervention has slowed down the process
at certain points in time. Furthermore, development from a
scientific environment generally means less focus on business
modeling and entrepreneurship, which could delay the process
of bringing the app to the market. Finally, a limitation in this
study was the restricted budget available for the creative design
and development of the mHealth intervention, which required
us to make a selection in the development of intervention
components.

Implications for Practice and Future Research
The findings of this study are important for both patients with
COPD and HCPs supporting patients with COPD in
self-management as well as for researchers and designers
focusing on the development of mHealth interventions. For
patients with COPD, an evidence-driven and usable mobile app
has been developed to assist them in developing
exacerbation-related self-management skills. It needs to be
emphasized that, at least for the coming years, not all patients
with COPD will be eligible for the mHealth intervention,
especially for those with a more negative attitude toward
mHealth and low digital literacy [19,31]. However, a positive
change in attitudes toward mHealth and digital skills can be
expected in the future, given the current trends in internet access
and smartphone use [18]. For HCPs, the mHealth intervention
can be used to provide more evidence-based, structured, and
tailored self-management support. The mHealth intervention
can be embedded in primary, secondary, and tertiary care
settings, which could contribute to improving integrated care.
To increase the likelihood of successful implementation in Dutch
COPD care, the intervention can easily be adapted to a specific
setting and context. Hereby, the intervention would be available
for a wide range of health care settings in which patients with
COPD are currently treated. For future practice, it is important
that more intervention components will be added to the mHealth
intervention to optimally address the selected target behaviors,
such as adding self-treatment with prednisolone and/or
antibiotics and providing assistance in case patients are in doubt
about if they should contact their HCP. Furthermore, a separate
dashboard for HCPs should be developed to be able to
individualize the mHealth intervention and to review registered

symptoms and actions during consultations without having to
use the patient’s own device. An essential step would then be
to establish cooperation with external vendors in the field and
health care insurers to ensure implementation in COPD care.
In the next phase, it is important that the mHealth intervention
takes into account patient comorbidities to make the intervention
available for a wider population and to ensure patient safety
[12]. Future steps should focus on adding target behaviors that
are relevant before, during, and after an exacerbation to
maximize the reduction of exacerbation impact.

For researchers and designers, the UCD in this study can be
used as guidance for the development of mHealth interventions
that meet end user needs and preferences, have high potential
to be effective, and are likely to be used by the target population.
Essential in the development is that interventions are grounded
in theory and evidence and that user needs and preferences are
thoroughly investigated. Moreover, valorization and
implementation activities should be regarded as continuous
activities throughout the development process to ensure
sustainable use in its intended practice. This extensive reporting
of the intervention development process enhances the
reproducibility of the intervention and contributes to more
transparency in the development of complex interventions in
health care, which is needed to strengthen the internal and
external validity of interventions and to add value to health care
research [34]. All in all, it is helpful to have multiple examples
and variants on how to develop evidence- and theory-driven
mHealth interventions. It should be considered if the
thoroughness of this UCD is needed for all mHealth
interventions that will be developed in the future. Depending
on the topic, decisions should be made about which phases and
steps are relevant to the topic and should be included in the
development process. In addition, taking time aspects into
consideration, it should be questioned how thoroughly an
individual step should be executed. The need for efficiency in
the development of mHealth interventions is currently a highly
discussed topic [75]. Our work contributes to this discussion
by mapping out a state-of-the-art design and development
process and showing how time consuming this is.

Future research should focus on evaluating the feasibility of the
mHealth intervention in the daily practice of HCPs, as they have
a key role in personalizing the mHealth intervention before
patient use. In a second phase, the feasibility of the mHealth
intervention should be evaluated with patients with COPD to
investigate the delivery and acceptability of the intervention,
compliance with the intervention, and recruitment and retention
of patients. In the next phase, the effect of the mHealth
intervention on the relevant patient outcomes and health care
use should be evaluated. Recent studies on mHealth
interventions in patients with COPD suggest the use of
randomized controlled trials (RCTs) with adequately powered
sample sizes and a 1-year follow-up period to be sufficient to
comment on behavioral change and impact of treatment [19,20].
However, this time-consuming design may not be ideal for
rapidly evolving mHealth technologies [73,76]. Using an RCT
implies two or more years of research in which this mHealth
intervention with high potential for effectiveness, and no
expected harm will not be available for patients with COPD.
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Furthermore, an RCT only enables identifying if this complex
mHealth intervention as a whole work and the cost-effectiveness
of it, without identifying which intervention components work
in whom. Alternatively, more rapid study designs such as n-of-1
trials or observational designs could be used to understand the
working mechanism of the intervention and simultaneously
focus on bringing the mHealth intervention to the market as
soon as possible [73,75-77]. Within these designs, it is important
to evaluate self-management skills and behavior change as
outcomes, and the way this is assessed should be clearly reported
[19,77,78].

Conclusions
This paper described in detail the full UCD and development
process of an evidence-driven and usable mHealth intervention

to enhance exacerbation-related self-management in patients
with COPD. By following a UCD process, an mHealth
intervention was developed that meets the needs and preferences
of patients with COPD, is likely to be used by patients with
COPD, and has a high potential to be effective in reducing
exacerbation impact. This extensive reporting of the intervention
development process contributes to more transparency in the
development of complex interventions in health care. The UCD
process in this study can be used by researchers and designers
as guidance for the development of mHealth interventions.
However, taking time aspects into consideration, decisions have
to be made about the thoroughness of executing individual
phases.

Acknowledgments
The authors thank all patients and HCPs who participated throughout the development process for their time and sharing perceptions
toward the mHealth intervention. The authors acknowledge all health care centers for recruiting patients. The authors thank
Beatrijs van Hoof and Jochem Wilson from Panton BV for translating the input for the mHealth intervention into a creative design
and thank developers from Inspire Innovation BV for developing the software of Copilot. Furthermore, the authors thank Annabeth
van Stroe, RN, MSc, for her role in evaluating the intervention flow and content and also thank the students from the Bachelor
of Nursing course of the University of Applied Sciences Utrecht for their role in examining current practice. During the development
process, researchers JT and YK joined an innovation contest (Ureka Mega Challenge) at the University Medical Center of Utrecht.
A grant of €50,000 (US $55,645) was received from this contest, which enabled the development of the first version of the Copilot
app.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Behavioral analysis of target behaviors and final intervention functions and behavior change techniques.
[DOCX File , 46 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Content validity of the symptom monitoring module.
[DOCX File , 35 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Demographic characteristics of participants during usability testing phases (phases 2 and 4).
[DOCX File , 18 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Results field usability testing.
[DOCX File , 33 KB-Multimedia Appendix 4]

References

1. World Health Organization. The Global Burden of Disease: Update 2004. Geneva: World Health Organization; 2008.
2. Global Initiative for Chronic Obstructive Lung Disease (GOLD). 2018. Global Strategy for the Diagnosis, Management,

and Prevention of Chronic Obstructive Pulmonary Disease: 2018 Report URL: https://goldcopd.org/wp-content/uploads/
2017/11/GOLD-2018-v6.0-FINAL-revised-20-Nov_WMS.pdf [accessed 2018-06-12]

3. Donaldson GC, Seemungal TA, Bhowmik A, Wedzicha JA. Relationship between exacerbation frequency and lung function
decline in chronic obstructive pulmonary disease. Thorax 2002 Oct;57(10):847-852 [FREE Full text] [doi:
10.1136/thorax.57.10.847] [Medline: 12324669]

J Med Internet Res 2020 | vol. 22 | iss. 6 | e15449 | p. 15https://www.jmir.org/2020/6/e15449
(page number not for citation purposes)

Korpershoek et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v22i6e15449_app1.docx&filename=7ba6741d571d499ce142d3afd1d32cdf.docx
https://jmir.org/api/download?alt_name=jmir_v22i6e15449_app1.docx&filename=7ba6741d571d499ce142d3afd1d32cdf.docx
https://jmir.org/api/download?alt_name=jmir_v22i6e15449_app2.docx&filename=c686fd4cfb94b529d70a6c3fd6c32b8d.docx
https://jmir.org/api/download?alt_name=jmir_v22i6e15449_app2.docx&filename=c686fd4cfb94b529d70a6c3fd6c32b8d.docx
https://jmir.org/api/download?alt_name=jmir_v22i6e15449_app3.docx&filename=4391040db567aa14c006ef4f3de8aa3b.docx
https://jmir.org/api/download?alt_name=jmir_v22i6e15449_app3.docx&filename=4391040db567aa14c006ef4f3de8aa3b.docx
https://jmir.org/api/download?alt_name=jmir_v22i6e15449_app4.docx&filename=db23089e80efe8202774237d798b6837.docx
https://jmir.org/api/download?alt_name=jmir_v22i6e15449_app4.docx&filename=db23089e80efe8202774237d798b6837.docx
https://goldcopd.org/wp-content/uploads/2017/11/GOLD-2018-v6.0-FINAL-revised-20-Nov_WMS.pdf
https://goldcopd.org/wp-content/uploads/2017/11/GOLD-2018-v6.0-FINAL-revised-20-Nov_WMS.pdf
http://thorax.bmj.com/cgi/pmidlookup?view=long&pmid=12324669
http://dx.doi.org/10.1136/thorax.57.10.847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12324669&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


4. Seemungal TA, Donaldson GC, Paul EA, Bestall JC, Jeffries DJ, Wedzicha JA. Effect of exacerbation on quality of life in
patients with chronic obstructive pulmonary disease. Am J Respir Crit Care Med 1998 May;157(5 Pt 1):1418-1422. [doi:
10.1164/ajrccm.157.5.9709032] [Medline: 9603117]

5. Miravitlles M, Ferrer M, Pont A, Zalacain R, Alvarez-Sala JL, Masa F, IMPAC Study Group. Effect of exacerbations on
quality of life in patients with chronic obstructive pulmonary disease: a 2 year follow up study. Thorax 2004
May;59(5):387-395 [FREE Full text] [doi: 10.1136/thx.2003.008730] [Medline: 15115864]

6. Toy EL, Gallagher KF, Stanley EL, Swensen AR, Duh MS. The economic impact of exacerbations of chronic obstructive
pulmonary disease and exacerbation definition: a review. COPD 2010 Jun;7(3):214-228. [doi:
10.3109/15412555.2010.481697] [Medline: 20486821]

7. Soler-Cataluña JJ, Martínez-García MA, Sánchez PR, Salcedo E, Navarro M, Ochando R. Severe acute exacerbations and
mortality in patients with chronic obstructive pulmonary disease. Thorax 2005 Nov;60(11):925-931 [FREE Full text] [doi:
10.1136/thx.2005.040527] [Medline: 16055622]

8. Rodriguez-Roisin R. Toward a consensus definition for COPD exacerbations. Chest 2000 May;117(5 Suppl 2):398S-401S.
[doi: 10.1378/chest.117.5_suppl_2.398s] [Medline: 10843984]

9. Bourbeau J, van der Palen J. Promoting effective self-management programmes to improve COPD. Eur Respir J 2009
Mar;33(3):461-463 [FREE Full text] [doi: 10.1183/09031936.00001309] [Medline: 19251792]

10. Barlow J, Wright C, Sheasby J, Turner A, Hainsworth J. Self-management approaches for people with chronic conditions:
a review. Patient Educ Couns 2002;48(2):177-187. [doi: 10.1016/s0738-3991(02)00032-0] [Medline: 12401421]

11. Howcroft M, Walters EH, Wood-Baker R, Walters JA. Action plans with brief patient education for exacerbations in chronic
obstructive pulmonary disease. Cochrane Database Syst Rev 2016 Dec 19;12:CD005074 [FREE Full text] [doi:
10.1002/14651858.CD005074.pub4] [Medline: 27990628]

12. Lenferink A, Brusse-Keizer M, van der Valk PD, Frith PA, Zwerink M, Monninkhof EM, et al. Self-management interventions
including action plans for exacerbations versus usual care in patients with chronic obstructive pulmonary disease. Cochrane
Database Syst Rev 2017 Aug 4;8:CD011682 [FREE Full text] [doi: 10.1002/14651858.CD011682.pub2] [Medline:
28777450]

13. Jonkman NH, Westland H, Trappenburg JC, Groenwold RH, Bischoff EW, Bourbeau J, et al. Characteristics of effective
self-management interventions in patients with COPD: individual patient data meta-analysis. Eur Respir J 2016
Jul;48(1):55-68 [FREE Full text] [doi: 10.1183/13993003.01860-2015] [Medline: 27126694]

14. Trappenburg J, Jonkman N, Jaarsma T, van Os-Medendorp H, Kort H, de Wit N, et al. Self-management: one size does
not fit all. Patient Educ Couns 2013 Jul;92(1):134-137. [doi: 10.1016/j.pec.2013.02.009] [Medline: 23499381]

15. Korpershoek YJ, Slot JC, Effing TW, Schuurmans MJ, Trappenburg JC. Self-management behaviors to reduce exacerbation
impact in COPD patients: a Delphi study. Int J Chron Obstruct Pulmon Dis 2017;12:2735-2746 [FREE Full text] [doi:
10.2147/COPD.S138867] [Medline: 28979116]

16. Effing TW, Vercoulen JH, Bourbeau J, Trappenburg J, Lenferink A, Cafarella P, et al. Definition of a COPD self-management
intervention: International Expert Group consensus. Eur Respir J 2016 Jul;48(1):46-54 [FREE Full text] [doi:
10.1183/13993003.00025-2016] [Medline: 27076595]

17. Schnall R, Rojas M, Bakken S, Brown W, Carballo-Dieguez A, Carry M, et al. A user-centered model for designing
consumer mobile health (mHealth) applications (apps). J Biomed Inform 2016 Apr;60:243-251 [FREE Full text] [doi:
10.1016/j.jbi.2016.02.002] [Medline: 26903153]

18. World Health Organisation. mHealth: New Horizons for Health Through Mobile Technologies: Second Global Survey on
eHealth. Geneva: World Health Organisation; 2011.

19. McCabe C, McCann M, Brady AM. Computer and mobile technology interventions for self-management in chronic
obstructive pulmonary disease. Cochrane Database Syst Rev 2017 May 23;5:CD011425 [FREE Full text] [doi:
10.1002/14651858.CD011425.pub2] [Medline: 28535331]

20. Alwashmi M, Hawboldt J, Davis E, Marra C, Gamble J, Ashour WA. The effect of smartphone interventions on patients
with chronic obstructive pulmonary disease exacerbations: a systematic review and meta-analysis. JMIR Mhealth Uhealth
2016 Sep 1;4(3):e105 [FREE Full text] [doi: 10.2196/mhealth.5921] [Medline: 27589898]

21. McLean S, Nurmatov U, Liu JL, Pagliari C, Car J, Sheikh A. Telehealthcare for chronic obstructive pulmonary disease:
Cochrane Review and meta-analysis. Br J Gen Pract 2012 Nov;62(604):e739-e749 [FREE Full text] [doi:
10.3399/bjgp12X658269] [Medline: 23211177]

22. Curtis KE, Lahiri S, Brown KE. Targeting parents for childhood weight management: development of a theory-driven and
user-centered healthy eating app. JMIR Mhealth Uhealth 2015 Jun 18;3(2):e69 [FREE Full text] [doi: 10.2196/mhealth.3857]
[Medline: 26088692]

23. Glanz K, Bishop DB. The role of behavioral science theory in development and implementation of public health interventions.
Annu Rev Public Health 2010;31:399-418. [doi: 10.1146/annurev.publhealth.012809.103604] [Medline: 20070207]

24. Hagger MS, Weed M. DEBATE: Do interventions based on behavioral theory work in the real world? Int J Behav Nutr
Phys Act 2019 Apr 25;16(1):36 [FREE Full text] [doi: 10.1186/s12966-019-0795-4] [Medline: 31023328]

25. Michie S, Carey RN, Johnston M, Rothman AJ, de Bruin M, Kelly MP, et al. From theory-inspired to theory-based
interventions: a protocol for developing and testing a methodology for linking behaviour change techniques to theoretical

J Med Internet Res 2020 | vol. 22 | iss. 6 | e15449 | p. 16https://www.jmir.org/2020/6/e15449
(page number not for citation purposes)

Korpershoek et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1164/ajrccm.157.5.9709032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9603117&dopt=Abstract
http://thorax.bmj.com/cgi/pmidlookup?view=long&pmid=15115864
http://dx.doi.org/10.1136/thx.2003.008730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15115864&dopt=Abstract
http://dx.doi.org/10.3109/15412555.2010.481697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20486821&dopt=Abstract
http://thorax.bmj.com/cgi/pmidlookup?view=long&pmid=16055622
http://dx.doi.org/10.1136/thx.2005.040527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16055622&dopt=Abstract
http://dx.doi.org/10.1378/chest.117.5_suppl_2.398s
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10843984&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=19251792
http://dx.doi.org/10.1183/09031936.00001309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19251792&dopt=Abstract
http://dx.doi.org/10.1016/s0738-3991(02)00032-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12401421&dopt=Abstract
http://europepmc.org/abstract/MED/27990628
http://dx.doi.org/10.1002/14651858.CD005074.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27990628&dopt=Abstract
http://europepmc.org/abstract/MED/28777450
http://dx.doi.org/10.1002/14651858.CD011682.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28777450&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=27126694
http://dx.doi.org/10.1183/13993003.01860-2015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27126694&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2013.02.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23499381&dopt=Abstract
https://dx.doi.org/10.2147/COPD.S138867
http://dx.doi.org/10.2147/COPD.S138867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28979116&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=27076595
http://dx.doi.org/10.1183/13993003.00025-2016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27076595&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(16)00024-1
http://dx.doi.org/10.1016/j.jbi.2016.02.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26903153&dopt=Abstract
http://europepmc.org/abstract/MED/28535331
http://dx.doi.org/10.1002/14651858.CD011425.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28535331&dopt=Abstract
https://mhealth.jmir.org/2016/3/e105/
http://dx.doi.org/10.2196/mhealth.5921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27589898&dopt=Abstract
https://bjgp.org/cgi/pmidlookup?view=long&pmid=23211177
http://dx.doi.org/10.3399/bjgp12X658269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23211177&dopt=Abstract
https://mhealth.jmir.org/2015/2/e69/
http://dx.doi.org/10.2196/mhealth.3857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26088692&dopt=Abstract
http://dx.doi.org/10.1146/annurev.publhealth.012809.103604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20070207&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-019-0795-4
http://dx.doi.org/10.1186/s12966-019-0795-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31023328&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


mechanisms of action. Ann Behav Med 2018 May 18;52(6):501-512 [FREE Full text] [doi: 10.1007/s12160-016-9816-6]
[Medline: 27401001]

26. Sheeran P, Klein WM, Rothman AJ. Health behavior change: moving from observation to intervention. Annu Rev Psychol
2017 Jan 3;68:573-600. [doi: 10.1146/annurev-psych-010416-044007] [Medline: 27618942]

27. Prestwich A, Sniehotta FF, Whittington C, Dombrowski SU, Rogers L, Michie S. Does theory influence the effectiveness
of health behavior interventions? Meta-analysis. Health Psychol 2014 May;33(5):465-474. [doi: 10.1037/a0032853]
[Medline: 23730717]

28. Conn VS, Hafdahl AR, Cooper PS, Brown LM, Lusk SL. Meta-analysis of workplace physical activity interventions. Am
J Prev Med 2009 Oct;37(4):330-339 [FREE Full text] [doi: 10.1016/j.amepre.2009.06.008] [Medline: 19765506]

29. Michie S, Brown J, Geraghty AW, Miller S, Yardley L, Gardner B, et al. Development of StopAdvisor: A theory-based
interactive internet-based smoking cessation intervention. Transl Behav Med 2012 Sep;2(3):263-275 [FREE Full text] [doi:
10.1007/s13142-012-0135-6] [Medline: 24073123]

30. Korpershoek Y, Vervoort S, Nijssen L, Trappenburg J, Schuurmans MJ. Factors influencing exacerbation-related
self-management in patients with COPD: a qualitative study. Int J Chron Obstruct Pulmon Dis 2016;11:2977-2990 [FREE
Full text] [doi: 10.2147/COPD.S116196] [Medline: 27932877]

31. Korpershoek YJ, Vervoort SC, Trappenburg JC, Schuurmans MJ. Perceptions of patients with chronic obstructive pulmonary
disease and their health care providers towards using mHealth for self-management of exacerbations: a qualitative study.
BMC Health Serv Res 2018 Oct 4;18(1):757 [FREE Full text] [doi: 10.1186/s12913-018-3545-4] [Medline: 30286761]

32. Yardley L, Ainsworth B, Arden-Close E, Muller I. The person-based approach to enhancing the acceptability and feasibility
of interventions. Pilot Feasibility Stud 2015;1:37 [FREE Full text] [doi: 10.1186/s40814-015-0033-z] [Medline: 27965815]

33. Johnston SK, Nguyen HQ, Wolpin S. Designing and testing a web-based interface for self-monitoring of exercise and
symptoms for older adults with chronic obstructive pulmonary disease. Comput Inform Nurs 2009;27(3):166-174 [FREE
Full text] [doi: 10.1097/NCN.0b013e31819f7c1d] [Medline: 19411946]

34. Bleijenberg N, Ginkel JM, Trappenburg JC, Ettema RG, Sino CG, Heim N, et al. Increasing value and reducing waste by
optimizing the development of complex interventions: Enriching the development phase of the Medical Research Council
(MRC) Framework. Int J Nurs Stud 2018 Mar;79:86-93 [FREE Full text] [doi: 10.1016/j.ijnurstu.2017.12.001] [Medline:
29220738]

35. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M, Medical Research Council Guidance. Developing and
evaluating complex interventions: the new Medical Research Council guidance. Br Med J 2008 Sep 29;337:a1655 [FREE
Full text] [doi: 10.1136/bmj.a1655] [Medline: 18824488]

36. Strauss AL, Corbin J. Basics of Qualitative Research: Techniques and Procedures for Developing Grounded Theory. Third
Edition. Thousand Oaks, CA: Sage Publications; 2007.

37. van Meijel B, Gamel C, van Swieten-Duijfjes B, Grypdonck MH. The development of evidence-based nursing interventions:
methodological considerations. J Adv Nurs 2004 Oct;48(1):84-92. [doi: 10.1111/j.1365-2648.2004.03171.x] [Medline:
15347414]

38. Shah SG, Robinson I, AlShawi S. Developing medical device technologies from users' perspectives: a theoretical framework
for involving users in the development process. Int J Technol Assess Health Care 2009 Oct;25(4):514-521. [doi:
10.1017/S0266462309990328] [Medline: 19845981]

39. Krueger RA, Casey MA. Focus Groups: A Practical Guide for Applied Research. Fourth Edition. Los Angeles: Sage; 2008.
40. Boeije H. Analysis in Qualitative Research. London: Sage Publications; 2009.
41. Michie S, Atkins L, West R. The Behaviour Change Wheel: A Guide to Designing Interventions. Great Britain: Silverback;

2014.
42. Baxter SK, Blank L, Woods HB, Payne N, Rimmer M, Goyder E. Using logic model methods in systematic review synthesis:

describing complex pathways in referral management interventions. BMC Med Res Methodol 2014 May 10;14:62 [FREE
Full text] [doi: 10.1186/1471-2288-14-62] [Medline: 24885751]

43. West R, Michie S. A Guide to Development and Evaluation of Digital Behavior Change Interventions in Health Care.
London: Silverback Publishing; 2016.

44. Scholten H, Granic I. Use of the principles of design thinking to address limitations of digital mental health interventions
for youth: viewpoint. J Med Internet Res 2019 Jan 14;21(1):e11528 [FREE Full text] [doi: 10.2196/11528] [Medline:
31344671]

45. Wiklund M, Kendler JA, Strochlic A. Usability Testing of Medical Devices. Second Edition. Boca Raton, FL: CRC press;
2011.

46. Lynn MR. Determination and quantification of content validity. Nurs Res 1986;35(6):382-385. [Medline: 3640358]
47. Kushniruk AW, Patel VL. Cognitive and usability engineering methods for the evaluation of clinical information systems.

J Biomed Inform 2004 Feb;37(1):56-76 [FREE Full text] [doi: 10.1016/j.jbi.2004.01.003] [Medline: 15016386]
48. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006 Jan;3(2):77-101. [doi:

10.1191/1478088706qp063oa]
49. van Amstel DP, Heemskerk M, Renes RJ, Hermsen S. The value of agile methods in designing for behavioural change: a

case study. Des J 2017;20(sup1):S681-S690. [doi: 10.1080/14606925.2017.1353014]

J Med Internet Res 2020 | vol. 22 | iss. 6 | e15449 | p. 17https://www.jmir.org/2020/6/e15449
(page number not for citation purposes)

Korpershoek et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/27401001
http://dx.doi.org/10.1007/s12160-016-9816-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27401001&dopt=Abstract
http://dx.doi.org/10.1146/annurev-psych-010416-044007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27618942&dopt=Abstract
http://dx.doi.org/10.1037/a0032853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23730717&dopt=Abstract
http://europepmc.org/abstract/MED/19765506
http://dx.doi.org/10.1016/j.amepre.2009.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19765506&dopt=Abstract
http://europepmc.org/abstract/MED/24073123
http://dx.doi.org/10.1007/s13142-012-0135-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24073123&dopt=Abstract
https://dx.doi.org/10.2147/COPD.S116196
https://dx.doi.org/10.2147/COPD.S116196
http://dx.doi.org/10.2147/COPD.S116196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27932877&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-018-3545-4
http://dx.doi.org/10.1186/s12913-018-3545-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30286761&dopt=Abstract
https://pilotfeasibilitystudies.biomedcentral.com/articles/10.1186/s40814-015-0033-z
http://dx.doi.org/10.1186/s40814-015-0033-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27965815&dopt=Abstract
http://europepmc.org/abstract/MED/19411946
http://europepmc.org/abstract/MED/19411946
http://dx.doi.org/10.1097/NCN.0b013e31819f7c1d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19411946&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0020-7489(17)30275-4
http://dx.doi.org/10.1016/j.ijnurstu.2017.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29220738&dopt=Abstract
http://europepmc.org/abstract/MED/18824488
http://europepmc.org/abstract/MED/18824488
http://dx.doi.org/10.1136/bmj.a1655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18824488&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2004.03171.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15347414&dopt=Abstract
http://dx.doi.org/10.1017/S0266462309990328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19845981&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-14-62
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-14-62
http://dx.doi.org/10.1186/1471-2288-14-62
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24885751&dopt=Abstract
https://www.jmir.org/2019/1/e11528/
http://dx.doi.org/10.2196/11528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31344671&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3640358&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532046404000206
http://dx.doi.org/10.1016/j.jbi.2004.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15016386&dopt=Abstract
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1080/14606925.2017.1353014
http://www.w3.org/Style/XSL
http://www.renderx.com/


50. Kushniruk AW, Patel VL, Cimino JJ. Usability testing in medical informatics: cognitive approaches to evaluation of
information systems and user interfaces. Proc AMIA Annu Fall Symp 1997:218-222 [FREE Full text] [Medline: 9357620]

51. Nielsen J. Usability Engineering. Boston, MA: Academic Press; 1993.
52. Brooke J. Usability. 1986. System Usability Scale (SUS) URL: https://www.usability.gov/how-to-and-tools/methods/

system-usability-scale.html [accessed 2018-09-02]
53. Science Direct. System Usability Scale 2019 URL: https://www.sciencedirect.com/topics/computer-science/

system-usability-scale [accessed 2019-05-23]
54. Crane D, Garnett C, Brown J, West R, Michie S. Factors influencing usability of a smartphone app to reduce excessive

alcohol consumption: think aloud and interview studies. Front Public Health 2017;5:39 [FREE Full text] [doi:
10.3389/fpubh.2017.00039] [Medline: 28421175]

55. Davis FD, Bagozzi RP, Warshaw PR. User acceptance of computer technology: a comparison of two theoretical models.
Manag Sci 1989 Aug;35(8):982-1003. [doi: 10.1287/mnsc.35.8.982]

56. Nielsen J. Nielsen Norman Group. Success Rate: The Simplest Usability Metric 2001 URL: https://www.nngroup.com/
articles/success-rate-the-simplest-usability-metric/ [accessed 2017-11-28]

57. Nielsen J. Nielsen Norman Group. 1994. Severity Ratings for Usability Problems URL: https://www.nngroup.com/articles/
how-to-rate-the-severity-of-usability-problems/ [accessed 2017-11-21]

58. Ries E. The Lean Startup: How Today's Entrepreneurs Use Continuous Innovation To Create Radically Successful Businesses.
USA: Crown Publishing Group; 2011.

59. van Limburg M, van Gemert-Pijnen JE, Nijland N, Ossebaard HC, Hendrix RM, Seydel ER. Why business modeling is
crucial in the development of eHealth technologies. J Med Internet Res 2011 Dec 28;13(4):e124 [FREE Full text] [doi:
10.2196/jmir.1674] [Medline: 22204896]

60. Zwerink M, Brusse-Keizer M, van der Valk PD, Zielhuis GA, Monninkhof EM, van der Palen J, et al. Self management
for patients with chronic obstructive pulmonary disease. Cochrane Database Syst Rev 2014 Mar 19(3):CD002990 [FREE
Full text] [doi: 10.1002/14651858.CD002990.pub3] [Medline: 24665053]

61. Harrison SL, Janaudis-Ferreira T, Brooks D, Desveaux L, Goldstein RS. Self-management following an acute exacerbation
of COPD: a systematic review. Chest 2015 Mar;147(3):646-661. [doi: 10.1378/chest.14-1658] [Medline: 25340578]

62. Long Alliantie Nederland (LAN). [National Care Path COPD Lung Attack with Hospitalization]. Netherlands: Long Alliantie
Nederland; 2019.

63. Nederlands Huisartsen Genootschap. 2015. NHG standaard COPD URL: https://www.nhg.org/standaarden/volledig/
nhg-standaard-copd [accessed 2017-06-01]

64. Long Alliantie Nederland (LAN). [COPD Care Standard]. Netherlands: Long Alliantie Nederland; 2016.
65. Richards DA. Complex interventions and the amalgamation of marginal gains: A way forward for understanding and

researching essential nursing care? Int J Nurs Stud 2015 Jul;52(7):1143-1145. [doi: 10.1016/j.ijnurstu.2015.01.013] [Medline:
25746362]

66. Trappenburg JC, Monninkhof EM, Bourbeau J, Troosters T, Schrijvers AJ, Verheij TJ, et al. Effect of an action plan with
ongoing support by a case manager on exacerbation-related outcome in patients with COPD: a multicentre randomised
controlled trial. Thorax 2011 Nov;66(11):977-984. [doi: 10.1136/thoraxjnl-2011-200071] [Medline: 21785156]

67. Effing T. Action plans and case manager support may hasten recovery of symptoms following an acute exacerbation in
patients with chronic obstructive pulmonary disease (COPD). J Physiother 2012;58(1):60 [FREE Full text] [doi:
10.1016/S1836-9553(12)70076-0] [Medline: 22341386]

68. Luhr K, Holmefur M, Theander K, Eldh AC. Patient participation during and after a self-management programme in primary
healthcare - The experience of patients with chronic obstructive pulmonary disease or chronic heart failure. Patient Educ
Couns 2018 Jun;101(6):1137-1142. [doi: 10.1016/j.pec.2017.12.020] [Medline: 29290329]

69. Andersen IC, Thomsen TG, Bruun P, Bødtger U, Hounsgaard L. Between hope and hopelessness: COPD patients' and their
family members' experiences of interacting with healthcare providers - a qualitative longitudinal study. Scand J Caring Sci
2018 Sep;32(3):1197-1206. [doi: 10.1111/scs.12565] [Medline: 29446474]

70. Goldstein RS, O'Hoski S. Telemedicine in COPD: time to pause. Chest 2014 May;145(5):945-949. [doi:
10.1378/chest.13-1656] [Medline: 24798834]

71. McKinstry B. The use of remote monitoring technologies in managing chronic obstructive pulmonary disease. Q J Med
2013 Oct;106(10):883-885. [doi: 10.1093/qjmed/hct068] [Medline: 23564633]

72. van Gemert-Pijnen JE, Nijland N, van Limburg M, Ossebaard HC, Kelders SM, Eysenbach G, et al. A holistic framework
to improve the uptake and impact of eHealth technologies. J Med Internet Res 2011 Dec 5;13(4):e111 [FREE Full text]
[doi: 10.2196/jmir.1672] [Medline: 22155738]

73. Riley WT, Glasgow RE, Etheredge L, Abernethy AP. Rapid, responsive, relevant (R3) research: a call for a rapid learning
health research enterprise. Clin Transl Med 2013 May 10;2(1):10 [FREE Full text] [doi: 10.1186/2001-1326-2-10] [Medline:
23663660]

74. Ben-Zeev D, Schueller SM, Begale M, Duffecy J, Kane JM, Mohr DC. Strategies for mHealth research: lessons from 3
mobile intervention studies. Adm Policy Ment Health 2015 Mar;42(2):157-167 [FREE Full text] [doi:
10.1007/s10488-014-0556-2] [Medline: 24824311]

J Med Internet Res 2020 | vol. 22 | iss. 6 | e15449 | p. 18https://www.jmir.org/2020/6/e15449
(page number not for citation purposes)

Korpershoek et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/9357620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9357620&dopt=Abstract
https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html
https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html
https://www.sciencedirect.com/topics/computer-science/system-usability-scale
https://www.sciencedirect.com/topics/computer-science/system-usability-scale
https://doi.org/10.3389/fpubh.2017.00039
http://dx.doi.org/10.3389/fpubh.2017.00039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28421175&dopt=Abstract
http://dx.doi.org/10.1287/mnsc.35.8.982
https://www.nngroup.com/articles/success-rate-the-simplest-usability-metric/
https://www.nngroup.com/articles/success-rate-the-simplest-usability-metric/
https://www.nngroup.com/articles/how-to-rate-the-severity-of-usability-problems/
https://www.nngroup.com/articles/how-to-rate-the-severity-of-usability-problems/
https://www.jmir.org/2011/4/e124/
http://dx.doi.org/10.2196/jmir.1674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22204896&dopt=Abstract
http://europepmc.org/abstract/MED/24665053
http://europepmc.org/abstract/MED/24665053
http://dx.doi.org/10.1002/14651858.CD002990.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24665053&dopt=Abstract
http://dx.doi.org/10.1378/chest.14-1658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25340578&dopt=Abstract
https://www.nhg.org/standaarden/volledig/nhg-standaard-copd
https://www.nhg.org/standaarden/volledig/nhg-standaard-copd
http://dx.doi.org/10.1016/j.ijnurstu.2015.01.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25746362&dopt=Abstract
http://dx.doi.org/10.1136/thoraxjnl-2011-200071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21785156&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1836-9553(12)70076-0
http://dx.doi.org/10.1016/S1836-9553(12)70076-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22341386&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2017.12.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29290329&dopt=Abstract
http://dx.doi.org/10.1111/scs.12565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29446474&dopt=Abstract
http://dx.doi.org/10.1378/chest.13-1656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24798834&dopt=Abstract
http://dx.doi.org/10.1093/qjmed/hct068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23564633&dopt=Abstract
https://www.jmir.org/2011/4/e111/
http://dx.doi.org/10.2196/jmir.1672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22155738&dopt=Abstract
http://europepmc.org/abstract/MED/23663660
http://dx.doi.org/10.1186/2001-1326-2-10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23663660&dopt=Abstract
http://europepmc.org/abstract/MED/24824311
http://dx.doi.org/10.1007/s10488-014-0556-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24824311&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


75. McCallum C, Rooksby J, Gray CM. Evaluating the impact of physical activity apps and wearables: interdisciplinary review.
JMIR Mhealth Uhealth 2018 Mar 23;6(3):e58 [FREE Full text] [doi: 10.2196/mhealth.9054] [Medline: 29572200]

76. Kumar S, Nilsen WJ, Abernethy A, Atienza A, Patrick K, Pavel M, et al. Mobile health technology evaluation: the mHealth
evidence workshop. Am J Prev Med 2013 Aug;45(2):228-236 [FREE Full text] [doi: 10.1016/j.amepre.2013.03.017]
[Medline: 23867031]

77. Michie S, Yardley L, West R, Patrick K, Greaves F. Developing and evaluating digital interventions to promote behavior
change in health and health care: recommendations resulting from an international workshop. J Med Internet Res 2017 Jun
29;19(6):e232 [FREE Full text] [doi: 10.2196/jmir.7126] [Medline: 28663162]

78. Effing TW, Bourbeau J, Vercoulen J, Apter AJ, Coultas D, Meek P, et al. Self-management programmes for COPD: moving
forward. Chron Respir Dis 2012 Feb;9(1):27-35. [doi: 10.1177/1479972311433574] [Medline: 22308551]

Abbreviations
BCT: behavior change technique
BCW: behavior change wheel
COM-B: capability, opportunity, and motivation model of behavior
COPD: chronic obstructive pulmonary disease
eHealth: electronic health
HCP: health care provider
I-CVI: item-content validity index
MEDLINE: Medical Literature Analysis and Retrieval System Online
mHealth: mobile health
MRC: Medical Research Council
MVP: minimum viable product
RCT: randomized controlled trial
S-CVI: scale-content validity index
SUS: system usability scale
TDF: theoretical domains framework
UCD: user-centered design

Edited by G Eysenbach; submitted 11.07.19; peer-reviewed by C McCallum, J Rooksby; comments to author 21.10.19; revised version
received 12.11.19; accepted 24.01.20; published 15.06.20

Please cite as:
Korpershoek YJG, Hermsen S, Schoonhoven L, Schuurmans MJ, Trappenburg JCA
User-Centered Design of a Mobile Health Intervention to Enhance Exacerbation-Related Self-Management in Patients With Chronic
Obstructive Pulmonary Disease (Copilot): Mixed Methods Study
J Med Internet Res 2020;22(6):e15449
URL: https://www.jmir.org/2020/6/e15449
doi: 10.2196/15449
PMID: 32538793

©Yvonne J G Korpershoek, Sander Hermsen, Lisette Schoonhoven, Marieke J Schuurmans, Jaap C A Trappenburg. Originally
published in the Journal of Medical Internet Research (http://www.jmir.org), 15.06.2020. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of
Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2020 | vol. 22 | iss. 6 | e15449 | p. 19https://www.jmir.org/2020/6/e15449
(page number not for citation purposes)

Korpershoek et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://mhealth.jmir.org/2018/3/e58/
http://dx.doi.org/10.2196/mhealth.9054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29572200&dopt=Abstract
http://europepmc.org/abstract/MED/23867031
http://dx.doi.org/10.1016/j.amepre.2013.03.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23867031&dopt=Abstract
https://www.jmir.org/2017/6/e232/
http://dx.doi.org/10.2196/jmir.7126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28663162&dopt=Abstract
http://dx.doi.org/10.1177/1479972311433574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22308551&dopt=Abstract
https://www.jmir.org/2020/6/e15449
http://dx.doi.org/10.2196/15449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32538793&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

