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Abstract Objective The aim of this study was to design and evaluate a smartphone-based
application for improving self-management in patients with asthma and evaluate its
effects on their knowledge.
Methods In this applied research, based on the Clinical Practice Guideline and a
systematic review, a questionnaire was designed to determine the application
information content and functionality requirements by 15 pediatric and adult asthma
and allergy specialist. Then the application was designed and developed using Adobe
Air software on the Android operating system. Usability evaluation of the mobile
application was performed using the standard questionnaire for user interaction
satisfaction (QUIS), which completed by 30 patients with asthma, 8 information
technology (IT) specialists, and 2 asthma and allergy specialists. Self-management
knowledge of 30 asthma patients was measured using a researcher-made question-
naire before and after using the application.
Results The number of specialists in the both Delphi rounds was 15 and the mean
work experiences were 17.6 years. The most important elements for asthma self-
management were avoiding exposure to allergen and triggers (96%), drug treatment
(94.6%), and how to use the therapeutic tools (92.4%), and the most important
functionalities were alerting the patients when they did not control asthma (92%),
setting reminders for timely drug use (85.4%) and therapeutic tools (82.6%), recording
prescription drugs (82.6%), and peak flow meter values (82%). Usability evaluation
showed that 30 patients with asthma, 8 IT specialists, and 2 physicians evaluated the
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Background and Significance

Asthma is a common, chronic, noncommunicable disorder of
the respiratory tract, affecting more than 334 million people
of all ages in all parts of the world.1 It is predicted that the
number of patients suffering from asthma will increase by
100 million more by 2025.2 Asthma is a growing cause of
morbidity and mortality in the world and imposes a signifi-
cant burden on patients, families, and health care systems by
reducing productivity.3 During 2008 to 2013, asthma was
responsible for $3 billion days off work and school, $29
billion due to asthma-related mortality, and $50.3 billion
in medical costs.4

Despite the availability of effective treatment options,
many patients with asthma cannot control their symptoms
so that almost 50% of them have symptomsmore than once a
week.5,6 Therefore, improving patient participation, self-
management, and adherence to therapeutic guidelines may
help improve asthma symptoms.7 Asthma self-management
as part of regular and planned care can lead to an improve-
ment in patient outcomes such as increased knowledge, self-
esteem and quality of life, as well as a reduction in hospitali-
zation, emergency visits and days off work or school.8

Despite the evidence showing the benefits of asthma self-
management programs, patients use them rarely9,10 and the
implementation of traditional self-management programs
involve a written action plan in clinical practice is low, with
only one in five patients.11 Therefore, there is a need for
innovative methods of self-management. Today, there is a
more tendency to use mobile health, especially mobile
applications, as a tool to provide appropriate and relevant
services for asthma.12 Mobile health (mHealth) applications
are regarded as a multifunctional medium to communicate
information, share experiences, and collect patients’ data
which are highly customizable, low cost, and readily avail-
able. These applications have the potential to overcome some
of the limitations of traditional asthma management
programs.13

Several studies have been conducted to design and evalu-
ate a mobile-based application for patients with asthma,
some of which shown a positive impact, including studies
showing that these interventions improve the quality of life,
symptoms, and adherence to treatment.14–19 At the same
time, studies also revealed that the use of a smartphone-
based application did not have a significant effect on asthma
control, quality of life, and the number of health care visits
and costs.20–22

The results of several studies that evaluated the content of
smartphone-based applications showed that the content of
existing asthma mobile applications did not have appropri-
ate and comprehensive quality information.23–25 A recent
study by Househ and colleagues showed that most of the
asthma applications focused on self-monitoring and self-
assessment, and the quality of health information was low
among all of them. They emphasized that, despite the
potential of applications for patients with asthma, a major
effort is required to develop evidence-based asthma appli-
cations to protect patients’ privacy and confidence.24 To our
knowledge, many applications were designed for asthma
self-management; however, most of them have not been
based on the clinical guidelines and have not been developed
with the participation of clinical experts.26 Therefore, it was
suggested that the medical experts to be involved in mobile
asthma application projects and the applications should be
empirically evidence-based.27

Objectives

With regard to the importance of training in daily asthma
management, and the role of mobile applications in improv-
ing self-management,28–30 and also the lack of reliable
information in these applications,23–25 designing an evi-
dence-based application to promote self-management
seems to be necessary. Therefore, the aim of this study was
to design a mobile application based on the guideline,
evaluate its usability by performing user evaluation, and
examine its effects on their knowledge.

Methods

This applied developmental studywas conducted at a central
outpatient clinic of Asthma and Allergy affiliated to Kashan
University of Medical Sciences in Iran and included five steps
(►Fig. 1).

Selecting Clinical Practice Guidelines
At this stage, to determine the elements for self-management
of asthma, we searched the databases for clinical guidelines
and medical literatures with the keywords “Asthma Self-
management,” “Asthma,” and “Asthma Treatment” (The search
databases are shown in ►Supplementary Appendix A,
available in the online version). Inclusion criteria for
clinical practice guidelines (CPGs) were: the full text
dealing with the self-management of asthma and available

application at a “good” level. The mean score of the patients’ knowledge before
intervention was 2.43� 0.95 which after intervention was significantly increased to
4.3� 0.56 (p< 0.001).
Conclusion Considering the desirable outcomes of application evaluation and a
positive impact of this educational intervention on asthma patients’ knowledge, it is
possible to use mobile-based self-management programs to help these patients to
manage illness and gain knowledge and self-management skills.
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in English or Persian and released in the past 10 years. Ifmore
than one version existed, the latest one was included. Then a
panel was established with five asthma and allergy
specialists to select the most appropriate guideline.

Determining Information Content and Functionalities
In brief, a checklist was constructed to determine the informa-
tion content and functionalities of the asthma self-manage-
ment application based on the selected guideline from the
previous stage and a systematic review conducted by the
authors in this field.28 The content validity of the checklist
confirmed separately by specialists in the field of health
information management (two people), nurse (eight people),
and asthma and allergy specialists (five people). Theminimum
acceptable Content Validity Ratio (CVR) value for 15 partici-
pants was 0.42 based on the Lawshe’s table and 0.79 for the
Content Validity Index (CVI). The reliabilityof the checklistwas
measured on questionnaire field out by 20 patients with
asthma using the internal consistency method and Statistical
Package for the Social Sciences (SPSS) software (Cronbach’s
α¼ 0.892). The final checklist included five sections: informa-
tion content (12 questions), information record (sixquestions),
graphical representationofdata (twoquestions), reminder and
alert (seven questions), and communication with physician
(four questions). A two-roundDelphi’s processwas performed.

First Delphi Round
In this round, the checklist sent to 15 asthma and allergy
specialists (which were faculty members and had at least
3 years of work experience) by e-mail to determine the
necessity of application information contents and function-
alities. Experts at this stagewere not similar to the experts in
content validity. The data collection finished after complet-
ing and returning the checklist by 15 participants. The
answers were scored from 1 to 5 (very low¼ 1, low¼ 2,
average¼ 3, high¼ 4, and very high¼ 5). Theminimumscore
for acceptance of each item was 3.75. Items with a score of
less than 2.5 were eliminated. The descriptive statistics
(frequency, relative frequency, and mean) were calculated
to analyze the findings of the Delphi phases, and the items
were prioritized and analyzed based on the mean.

Second Delphi Round
All answers of the first Delphi round which reached a score
between 2.5 and 3.75 were included in a checklist for
the second Delphi round. The checklist was again distributed
to the same group of participants to judge them.

Designing and Development
At first, the application information content and functionali-
ties were designed based on the feedback received from the
experts. The user interface graphic was designed on the
Android platform using the Adobe Air software. The Action-
Script 3, Java (in some classes and component) and PHP (in
communication functionality) languages were used for pro-
gramming. SQLite was used to design application database.
Moreover, the designing program functionalities (informa-
tion recording and reminders) were performed using the
Query in this software. The application was developed with
the help of health information management specialists, a
medical informatics specialist, and a software engineer.

Usability Evaluation
In this step, the application was installed on the Android-
based smartphone of 30 patientswith asthma (with age> 18
years and at least primary education), eight IT professionals
(with at least a bachelor’s degree with 2 years of work
experience), and two asthma and allergy specialists. After
learning how to use the application to users, theywere asked
to use it for amonth. After 1month, user comments about the
application gathered using the standard Questionnaire for
User Interaction Satisfaction (QUIS).31 This 10-point Likert’s
scale questionnaire (0–9) had five main parts (23 questions),
included overall reaction to the software (six questions),
screen design and layout (four questions), terminology and
systems information (four questions), learning (four ques-
tions), and system capabilities (five questions). The English
language version of the questionnaire was translated into
Persian (Iranian language). Its face validity confirmed by five
experts in health information management and medical
informatics. The reliability of the questionnaire was 0.94
based on the previous study.32 The mean and standard
deviation (SD) were calculated for analyzing the findings of
application usability evaluation. The scores were classified
into three levels as follows: weak (0–3), average (3–6), and
good (6–9). Comments from different groups compared
using Kruskal–Wallis and Mann–Whitney U-tests in SPSS
software.

Evaluation of Effect on Knowledge
A researcher-made questionnaire consistingof twopartswas
designed to examine the self-management knowledge of
patients with asthma, before and after using the application.
The first section included patients’ demographic character-
istics (six questions) and the second part included 19

Fig. 1 Research steps.
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questions about self-management activities. After obtaining
informed consent verbally, the questionnaires were distrib-
uted among 30 patients (with age> 18 years, an android-
based mobile phone, and at least primary education). The
responses were scored in five Likert’s scales from very low to
very high. The pretest questionnaire was completed and the
application was installed on patients’ smartphones. A brief
description of how to use the application was given to users
and a daily Short Message Service (SMS) reminder was sent
to encourage patients to use the app. To evaluate the effect of
the application on knowledge, the participants completed
the posttest questionnaire, which was similar to the pretest
questionnaire, after 1 month. The mean and standard devia-
tion of scores in both the pre- and poststeps were calculated
by SPSS software. In the next step, the nonparametric
Wilcoxon’s test was employed to evaluate the effects of the
application.

Results

Selecting Clinical Practice Guidelines
Following the search for literatures, four CPGs for asthma
self-management33–36 were selected (►Table 1). Consulting
with an expert group of five asthma and allergies specialists
and considering the inclusion criteria, the most appropriate
guideline (National Asthma Guide: Guidelines for Preven-
tion, Diagnosis, and Treatment36) was selected. In fact, it was
chosen because of the native and comprehensive nature of
this guideline.

Determining Information Content and Functionalities

First and Second Delphi’s Rounds
The number of participating women and men in the both
Delphi rounds was 11 and 4, respectively. The lowest, high-
est, and mean work experiences were 6, 25, and 17.6 years,
respectively. The results of the information content of asth-
ma self-management in the first Delphi round are presented
in ►Table 2. Of the 12 elements in the first Delphi round, 11
elements were accepted. Only one element “self-assessing
the asthma symptoms control” was reviewed in the second

Delphi round which was approved after consultation with
participants.

The physicians’ views on the necessity of the application
functionalities in the first Delphi round are shown
in ►Table 3. The results showed that the functionalities of
“data charts,” “communicating with the physician by text
messaging and phone calls,” and “sharing asthma chartswith
the physician” were removed in the first Delphi round. The
“set reminder for peak flow meter,” “asthma control self-
assessment,” and “communication with physicians through
social networks” functionalities were reviewed again in
the second Delphi round and then approved after consulta-
tion with participants.

Designing and Development
Based on the feedback received from the experts in the
Delphi phase, the application functionalities were imple-
mented on the Android operating system. ►Supplementary

Appendix B (available in the online version) shows examples
of application layouts. The application contains an extensive
collection of evidence-based educational materials which
are available in written format and quizzes.

Usability Evaluation
The number of women andmen participating in the usability
evaluation was 15 each. Sixty percent of patients were with
asthma duration of 4 years or less. Half of the patients (50%)
had “mild persistent” asthma. Twenty-seven patients (90%)
had a lower education than a bachelor, and 10% had higher
education. The mean age of patients was 32.9� 12.95 years.
Among the eight IT professionals, five were males and three
were females. The mean age and working experience were
34.38� 6.9 and 9.25� 5.84 years, respectively. Six of them
had higher education levels. The specialists who participated
in the evaluation were both female with mean age and work
experience of 49� 0 and 14� 2.22 years, respectively. The
data analysis results of the application usability are pre-
sented in►Table 4. Mean usability evaluation scores were in
the range of 6 to 9, which considered at a “good” level. There
was no statistically significant difference between the three
groups in all domains.

Table 1 Cinical practice guidelines selected for the asthma self-management

Clinical practice guidelines Year of publication Place of publication Reference

British Thoracic Society Scottish Intercollegiate
Guidelines Network. British guideline on the
management of asthma: SIGN 153

2016 England 33

National Asthma Education and Prevention
Program. Expert Panel Report 3 (EPR-3):
Guidelines for the Diagnosis and Management
of Asthma

2007 America 34

Pocket Guide for Asthma Management and
Prevention

2017 America 35

National Asthma Guide: Guidelines for Pre-
vention, Diagnosis and Treatment (Ministry of
Health and Medical Education)

2016 Iran 36
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Evaluation of Effect on Knowledge
The mean and standard deviation of asthma patients’ self-
management knowledge scores before and after intervention
are shown in ►Table 5. Based on the results of the study, the
total mean of pre-intervention knowledge scores was
2.43� 0.95 and post-intervention was 4.3� 0.56, which
was statistically significant.

Discussion

In this study, an asthma self-management application was
designed and developed with the functionalities of providing
educational information, recording data, setting a reminder,
and communicating with the physician. The usability evalua-
tion showed that the application was “good” from the

Table 2 Experts’ views on application information content

Row Information Content Elements Mean Judge

1 Basic facts about the nature of
the condition

Clinical signs of disease 4.33 Accept

2 Definition of asthma 3.93 Accept

3 The nature of treatment:
relievers and preventers

Drug treatment 4.73 Accept

4 Nondrug treatments 4.07 Accept

5 Allergen and trigger avoidance Recognizing and avoiding exposure to allergen and triggers 4.8 Accept

6 How to use treatment How to use the Therapeutic tools 4.62 Accept

7 How to use the peak flow meter and interpret its results 3.33 Accept

8 Self-monitoring and
assessment skills

Assessment of asthma control and risk factors 4.47 Accept

9 Follow up, care and monitoring of patients based
on disease control

4.4 Accept

10 Use of tools to self-assess asthma symptoms (ACT) 3.13 Revise

11 Recognizing and responding
appropriately to acute
exacerbations

Definition of asthma attack 4.27 Accept

12 Asthma attacks severity criteria 4 Accept

Abbreviation: ACT, asthma control test.

Table 3 Experts’ views on application functionalities

Row Groups Functionalities Mean Judge

1 Information record Drugs used 4.13 Accept

2 Peak flow meter values 4.1 Accept

3 Symptoms 3.93 Accept

4 Asthma attacks 3.87 Accept

5 Triggers 3.86 Accept

6 Patient’s weight to calculate a dose 2.26 Reject

7 Reminder/alert Alert for uncontrolled asthma 4.6 Accept

8 Timely reminders to take medication 4.27 Accept

9 Reminder for respiratory assistance devices use 4.13 Accept

10 Reminder for appointments 3.87 Accept

11 Reminder for flu vaccination 3.8 Accept

12 Peak flow meter test reminder 2.8 Revise

13 Reminder for asthma self-assessment 2.67 Revise

14 Graphical representation of data Respiratory test charts 2.4 Reject

15 Current patient status 2.33 Reject

16 Communication with physician Communicate with doctor via social networks 2.8 Revise

17 Share the patient’s status charts with doctor 2.4 Reject

18 Communicate with doctor via SMS 2.33 Reject

19 Communicate with doctor via phone call 1.53 Reject

Abbreviation: SMS, short message service.
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evaluators’ point of view and the findings indicated a positive
impact of the application on patients’ knowledge of self-
management activities. Similarly, several studies have been
conducted on the design and development of asthma self-
management applications.14–17,20–22,37,38 Of these, four stud-
ies assessed an application.14,15,21,38Only one of these studies
examined the application’s impact on the self-management
knowledge, inwhich patients reported ease of use, clarity, and
timeliness of the application and improvements in self-man-
agement knowledge than before the intervention.21

In the present study, elements of asthma self-management
application were classified into six categories. Physicians
considered “avoiding exposure to allergen and triggers,”
“drug treatment” and “how to use the therapeutic tools” as
the most important elements in asthma self-management.
Thesefindingsweresimilar to thoseofother studies onasthma
patients.23,39–42Unlike the present study, in two studies, “how
to use the respiratory assistance devices and peak flowmeter”
were considered to be of minor importance from the patients’
point of view.43,44 The reason for this difference is probably
due to the difference in target groups in two previous studies
with our study. Given that inhalation therapy and inhalation
techniques are the basis of asthma treatment and the lack of
proper use of these devices may lead to poor asthma control
and increase costs45; therefore, it is better this information
content considered in asthma self-management education
from the viewpoint of physicians.

According to the findings, functionalities of asthma self-
management application were classified into the following
four categories: data recording, graphically displaying data,
providing of reminders and alerts, and communicating with
a physician. The most important functionalities from the
asthma and allergy experts’ viewpoint were “alerting to
patient when asthmawas not controlled,” setting a reminder
for timely drug use, and recording medication and peak flow
meter values. Other studies also showed similar results.16,46

In a study by Geryk et al (2016), the parents of children with
asthma reported “recording data, physician communication,
and sharing data via e-mail” and physicians reported “re-
minder for physician appointment” as the most important
functionalities of the applications.47 But because of the
difference in targeting groups, asynchronous communica-
tion via e-mail and lack of sufficient time for physicians to
connect to the internet,48,49 this functionality was different
in our study than in previous studies. Therefore, in this study,
e-mail is not a good medium for interactions between
patients and physicians in the viewpoints of experts. Regard-
ing the features of the application, graphically displaying
data were removed. Although this feature was removed
because the specialist rated low, however, it might be rated
high by the patients. As in the study of Rudin et al,38 this
feature was included in the application functionalities and
patients with asthma generally agreed to the need to easily
review their most recent 1 to 2 months of symptom scores.

Table 5 Evaluation of effect on knowledge of asthma patients before and after intervention

Row Domains Before After p-Value

Mean� SD

1 Basic facts about the nature of the condition 2.53� 1.12 4.2� 0.65 <0.001

2 Recognizing and responding appropriately to acute exacerbations 2.21� 1.14 4.08� 0.7 <0.001

3 The nature of treatment: relievers and 2.71� 1.05 4.08� 0.63 <0.001

4 Allergen and trigger avoidance 2.95� 1.35 4.46� 0.5 <0.001

5 How to use treatment 1.95� 1.03 4.09� 0.69 <0.001

6 Self-monitoring and assessment skills 1.63� 1.03 4.26� 0.78 <0.001

Total 2.43� 0.95 4.18� 0.56 <0.001

Abbreviation: SD, standard deviation.

Table 4 Usability evaluation of the app by patients, IT specialists and physicians

Row Assessment areas Patients IT specialists Physicians p-Value

Mean� SD Mean� SD Mean� SD

1 Overall reaction to the software 7.88� 0.98 7.66� 0.57 8.58� 0.58 0.344

2 Screen design and layout 8.25� 0.85 7.87� 0.59 8.62� 0.53 0.119

3 Terminology and systems information 8.04� 0.85 8.09� 0.61 8.5� 0.7 0.696

4 Learning 8.1� 0.88 8.37� 0.51 8.25� 0.7 0.869

5 System capabilities 8.06� 0.99 7.8� 0.72 8� 0 0.471

Total 8.05� 0.78 7.92� 0.51 8.39� 0.49 0.644

Abbreviations: IT, information technology; SD, standard deviation.
Note: All questions were scored in a range of 0 to 9.
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The findings from the usability evaluation revealed that
the application was “good” from the point of view of asthma
patients, IT specialists, and doctors. These findings were
similar to results of other studies.50–52 In all of these studies,
applications were at the “good” level from the user’s per-
spective. In most of these studies, application usability
evaluation was conducted solely from the perspective of a
group of users. Since usability evaluation is an important
process in the design and implementation of applications
and identifies theweaknesses and strengths,53 it is suggested
that future studies employ the opinions of different users,54

including patients, nurses, and physicians to identify system
problems.

The results showed that the mean self-management
knowledge score of asthma patients increased after the
intervention than before the intervention. This significant
difference was indicative of the effect of educational inter-
vention in improving knowledge of patients about self-
management activities. Other similar studies confirmed
this finding.55–57 Knowledge is one of the essential compo-
nents for behavior change and is achieved through training in
various subjects.58 Training asthma patients also increases
self-management knowledge and, subsequently, improves
quality of life.59 Considering the positive effects of educa-
tional applications on the knowledge level of asthma
patients, it is recommended that health practitioners and
health policy-makers use this tool as an effective method
along with other educational methods and make the neces-
sary plans to develop it.

Strengths and Limitations
There are several strengths and limitations of this study. The
strengths included the use of a native and comprehensive
guideline for asthma self-management, and experts’ views in
designing the application. However, this study also has limi-
tations. We did not involve patients in the application devel-
opment. Instead, they were involved in application usability
testing. Therefore, it is suggested that future studies consider
both physicians and patients in designing the apps. The pre-
and postinterventionmethods, used to assess the effect of the
application on the asthma patients’ knowledge, did not have a
simultaneous controlgroup.Therefore, it is recommendedthat
studies to be designed and implemented that have a control
group that is similar to the intervention group in terms of
demographic characteristics and other effective factors. An-
other limitation is related to the1-month follow-upperiodand
a small number of samples in assessing the asthma patients’
knowledge that should be considered in future studies. The
usability evaluation was based solely on the QUIS question-
naire. This questionnaire is a useful tool for gaining an overall
impression of the usability of an interactive system. Neverthe-
less, it is not detailed enough to provide specific information
about possible usability problems with a system. This should
be complemented with some other kind of usability evalua-
tion. Finally, we did not assess patient engagement and use of
the application for recording information, setting a reminder,
communicating with the physician, which should be taken
into consideration in future studies.

Implications for Future Research
Considering the use of a valid guideline to provide educa-
tional content to asthma patients in this study and lack of
reliable information in available asthma applications, the
involvement of health care providers and health monitoring
organizations in controlling the mHealth application quality
seems to be necessary.60 It is also recommended to design a
system for evaluating the application content validity in the
country. The development of amulticomponent smartphone
application aimed at improving self-management through a
medication reminder and other features, such as education,
and amedication log, iswarranted.61 In order for physician to
recommend this application to patients, effectiveness eval-
uations for improving health and economic outcomes are
necessary.62,63

Conclusion

The result of this study was an Android-based self-manage-
ment application for patients with asthma which designed
based on the nationalized localized guideline. Considering
the desirable results of the application usability evaluation
by participations (patients, physicians, and ITspecialists) and
the positive effects of this educational intervention on the
asthma patients’ knowledge, it is recommended to use these
tools as a trainingmethod tomanage the disease and acquire
an awareness of the self-management skills. Future studies
need to examine the effectiveness of application on self-
management activities, clinical, and economic outcomes.

Clinical Relevance Statement

Due to the benefits of mobile health applications in self-
management and patients’ lack of awareness of them, only
clinical professionals can encourage patients to use these
applications.

Multiple Choice Questions

1. According to the findings of this study, which of the
following communication tools are “not suitable” for
interaction between patient and physician?
a. SMS.
b. E-mail.
c. Social networks.
d. Phone call.

Correct Answer: The correct answer is option b, because
of the asynchronous communication and lack of sufficient
time for physicians to connect to the internet, e-mail is not
a good medium for interactions between patients and
physicians.

2. According to the findings, which of the following func-
tionalities of an asthma application are more important
“in the first place?”
a. Alerting to patients.
b. Graphically displaying data.
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c. Communicating with physician.
d. Recording data.

Correct Answer: The correct answer is option a, the most
important functionalities from the asthma and allergy
experts’ viewpoint were “alerting to patient when asthma
was not controlled,” setting a reminder for timely drug
use, and recording medication and peak flow meter
values.
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