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ABSTRACT The objective of this research is to explore the existing mobile applications developed for the
COVID-19 pandemic. To obtain this research objective, firstly the related applications were selected through
the systematic search technique in the popular application stores. Secondly, data related to the app objectives,
functionalities provided by the app, user ratings, and user reviews were extracted. Thirdly, the extracted data
were analyzed through the affinity diagram, noticing-collecting-thinking, and descriptive analysis. As out-
comes, the review provides a state-of-the-art view of mobile apps developed for COVID-19 by revealing nine
functionalities or features. It revealed ten factors related to information systems design characteristics that can
guide future app design. The review outcome highlights the need for new development and further refinement
of the existing applications considering not only the revealed objectives and their associated functionalities,
but also revealed design characteristics such as reliability, performance, usefulness, supportive, security,
privacy, flexibility, responsiveness, ease of use, and cultural sensitivity.

INDEX TERMS COVID-19, coronavirus, exploratory study, mobile health application, mHealth.

I. INTRODUCTION
Coronaviruses (CoVs) are a family of viruses that can infect
human beings as well as different species of animals like
cattle, cats, and bats [1]. These viruses can cause illness
varying from the very mild cold to severe health conditions
including death. A pneumonia, referred to as Severe Acute
Respiratory Syndrome (SARS-CoV), was first recognized
in China [2] with an overall death rate of around. 3 to
6% [3]. Like SARS-CoV, Middle East Respiratory Syn-
drome (MERS-CoV) is also a member of CoVs family. And,
the 2019 coronavirus (COVID-19) is a new betacoronavirus,
which has infected humans recently. Common symptoms of
COVID-19 virus include fever, cough, and breathing difficul-
ties, among others. In severe cases, the infection can cause
pneumonia and even death. People with previous diseases
related to heart, kidney, lungs, and diabetes are more likely
to develop serious illness from COVID-19. After China,
COVID-19 has been spread in more than 210 countries
and territories [4]. On March 11, 2020, the World Health
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Organization (WHO) has declared COVID-19 as the global
pandemic [5].

The immediate risk of being infected by COVID-19 is
increasing day by day as the outbreak expands. Since there
had been limited or delayed precautionary responses against
the new virus, it had spread rapidly from person-to-person
globally. It has been suggested that further COVID-19 spread
can be controlled by taking proper and urgent precautions
and raising health awareness among people [6]. Several Inter-
national organizations like WHO [7], Centers for Disease
Control and Prevention (CDC) [8] have suggested neces-
sary plans to deal with the pandemic. Countries have taken
steps such as providing health safety guidelines, imposing
travel restrictions, organizing enough quarantine and hospital
facilities for infected people, and even complete lock-down
[9]–[12]. To prevent virus infection some suggestions
include: frequent hand washing, avoiding crowded places,
covering mouth and nose, eating fully cooked meat and eggs,
and avoiding close contacts with anyone coughing and sneez-
ing, among others [1].

Some information and communication technology (ICT)
based initiatives have been taken for raising awareness
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TABLE 1. Summary of the reviewed apps related to COVID-19.

for preventing the pandemic caused by COVID-19. These
include mobile applications, online dashboards to provide
live updates, websites to provide remote assistance, web por-
tals to provide useful information related to COVID-19, and
the development of electronic gadgets to detect or scan the
symptoms of COVID-19, among others [13]–[15].

At present, more than 45% people in the world use smart-
phones [16]. Indeed, smartphones and Internet penetration
in the developed world is high. At the same time, recent
studies show that the uses of smartphones and the Internet
have also been noticeably high in many developing countries
[17]. As an example, a study conducted by Islam et al. [18]
found that around 234 mobile health (mHealth) applications
were developed explicitly for Bangladesh. Developing coun-
tries have relatively weak healthcare facilities. Therefore,
there is a possibility that COVID-19 may hit hard in these

countries. Mobile apps can support interactivity, visual and
auditory content, real-time data collection, as well as links to
social functionalities [19], [20]. Considering the widespread
adoption of smartphones in the developing and developed
countries, there is a growing opportunity for the effective uses
of mobile applications for preventing, caring and controlling
the pandemic caused by COVID-19.

A number of review studies were conducted focusing on
the mobile health applications developed for cardiovascu-
lar disorder [21], depression [22], human immunodeficiency
virus [23], [24], cancer [25], schizophrenia [26], monitoring
physical activity [27], and managing bipolar disorder [28],
among others. However, up to date, no study has assessed the
available apps related to the COVID-19 pandemic. Indeed,
as the COVID-19 pandemic is a newly developed phe-
nomenon and therefore, available apps in this area are still

145602 VOLUME 8, 2020



M. N. Islam et al.: Review on the Mobile Applications Developed for COVID-19: An Exploratory Analysis

limited and more efforts in app development will follow in
the future. However, at the same time, we believe that as it has
become a worldwide pandemic, research needs to investigate
what apps have been developed andmake a synthesis to guide
future service development.

In order to address the above-mentioned research gap, this
study conducts a thorough review of the existing mobile
apps that have been developed focusing on COVID-19. Our
objectives were to (i) identify existing apps related to the
COVID-19 in the popular app stores; (ii) investigate the
apps in terms of their objectives and associated features or
functionalities; (iii) explore the platform (operating system)
of the apps, country-context for which the appwas developed,
and the language of the app; and (iv) identify important design
characteristics based on the positive and negative feedback
from users.

II. METHODS
Reviewing the existing apps developed for COVID-19 was
conducted by a systematic app review. The study was car-
ried out following the steps discussed in the following
subsections.

A. SYSTEMATIC SEARCH CRITERIA AND SELECTION
A systematic review of mobile applications across three
major mobile app stores: Android Google Play, Apple Store,
and Microsoft Store was conducted on 30th April 2020.
The search keywords used to find out the related applica-
tions were: ‘‘coronavirus,’’ ‘‘COVID 19,’’ ‘‘corona,’’ ‘‘corona
outbreak,’’ ‘‘corona pandemic,’’ ‘‘corona and symptom mon-
itoring,’’ ‘‘corona and self-care,’’ ‘‘COVID 19 and symp-
tom monitoring,’’ ‘‘corona and COVID 19,’’ ‘‘corona and
self-isolation,’’ ‘‘corona and quarantine,’’ and ‘‘self-care and
COVID 19.’’ Each term was searched in each of the three app
stores listed.

App titles, screenshots of the apps, and app descriptions
were considered for the preliminary screening. The second
round of exclusion criteria focused on removing the duplicate
apps that were found in multiple stores or from multiple
search terms or the apps that were no longer available (some
of the apps were removed from the app stores). Twomembers
of this research team meticulously reviewed the apps in each
round of exclusion. Finally, a total of 25 apps were selected,
downloaded, reviewed, and evaluated. The description of
the selected applications is provided in Table 1. The related
app screening, inclusion/exclusion, and selection process are
shown in Figure 1.

B. EXTRACTING THE STUDY DATA
To attain the research goal, we extracted data related to the
objective of the apps, functionalities provided by the apps,
the platform (operating system) of the selected apps, country-
context, language of the apps, user ratings, first release,
and user comments. The objectives and features of the apps
were extracted both from the app description and by the
experimental use of the apps. For extracting the features,

FIGURE 1. App inclusion and exclusion process flowchart.

we first went through the app description and kept notes of
the stated features. In some cases, when the app language was
not English, we used Google translator. After that, each app
was installed and explored to re-check (verify) the extracted
features and update the list of extracted features as observed
from the experimental use of the app. We ensured that the
features extracted against each app from the description must
be present in the actual app through the experimental use of
the app. Our approach helped us to explore the stated features
as well as other features (if any) from our experimental use
of the apps.

C. DATA ANALYSIS
An affinity diagram [29] approach was used to analyze the
data to find out the objectives of the apps. A noticing-
collecting-thinking approach [30] was used to analyze the
user comments (n = 1574) of the selected applications to
identify the design characteristics of the apps. The other data
including the review scores, development platform, applica-
tion languages, and the country-context were analyzed using
descriptive statistics and data synthesizing. We note that our
approach of data collection from online sources is widely
used in different disciplines [31]–[33], and known as netnog-
raphy [34].

Each of the selected apps was investigated to extract their
functionalities or features. Each author of this article sepa-
rately participated in exploring the app functionalities and
then in grouping (mapping or clustering) process through
an affinity diagram [29]. Firstly, each author extracts the
functionalities and assigned names to the functionalities.
After that they met together to compare and verify the
extracted functionalities for each application. The naming of
the extracted functionalities, conflicting functionality names,
and disagreements were resolved by discussion through

VOLUME 8, 2020 145603



M. N. Islam et al.: Review on the Mobile Applications Developed for COVID-19: An Exploratory Analysis

consensus to finalize the functionalities of the selected
apps. Secondly, each researcher separately categorized the
extracted functionalities into different groups based on their
similarities. Next, an intuitive name was given to each group
(which are considered as the objective of the application)
and then drew the affinity diagram. Finally, the four affinity
diagrams (by four authors) were analyzed together to review
the grouping or clustering. Thereafter, we came up with one
affinity diagram with the final clustering.

Since the user review data are qualitative in nature and not
all the reviews were related to the design issues, we have
followed the noticing-collecting-thinking [30] method to ana-
lyze each of the retrieved review comments. An example of
analyzing a review comment through the noticing-collecting-
thinking approach is discussed here. Firstly, at the noticing
level, we read a review comment several times to notice an
interesting or relevant aspect that may relate to the design
of the application and coded it accordingly. For example, the
following user review comment was noticed, which was rele-
vant to the application design: ‘‘I did not like that you have to
sign up with your phone number before you can enter the app.
I am concerned about digital privacy and this is just not okay,
especially in this crucial time when information is crucial.’’
The extracted code of this review comment was ’concerned
about digital privacy’. Secondly, in the collecting level, all
the related codes were grouped and given a self-expressive
or self-descriptive group name. The ’concerned about digital
privacy’ code was grouped under the category of ’Privacy’.
Finally, in the thinking stage, we examined the things (e.g.,
all codes related to ’privacy’) that we had collected to verify
whether the things make some type of sense (e.g., a design
characteristic or recommendation) out of each collection.
Furthermore, we checked whether any relationship exists
within a collection and across the collection.While collecting
and thinking, a review comment was coded as either positive
or negative based on its referential or indicative meaning.
For example, if any user review expresses the difficulties of
using a feature or reveals dissatisfaction with the app (e.g.,
providing unauthentic and outdated information), then we
have considered such a statement as a negative comment. The
example quote stated above expresses dissatisfaction of the
user as he/she was asked to sign up using a phone number
and therefore, was concerned about digital privacy. Thus, the
above comment was coded as a negative comment.

The review comments were independently analyzed by two
researchers. The comments were meticulously read to notice,
and code as we discussed above. The assigned keywords
or codes were then collected and categorized to represent
common themes. After that, both researchers thought about
their coding to refine, verify and update the code names,
categorizations, relations among the categorizations. Finally,
all authors met to compare the coding and classifications. The
inter-coder agreement [35] was 0.91. The disagreements were
resolved by discussion through consensus. Using an iterative
process, all researchers read, sorted, reread, and recombined
the data until consensus was achieved.

III. RESULTS
This section discusses the findings of reviewing the selected
mobile applications.

A. APP OBJECTIVE AND FEATURES
As an outcome, a total of 26 functionalities were found from
the 25 mobile applications. The extracted functionalities for
each mobile application are shown in Table 3 of Appendix A.
Through the affinity diagram, a total of nine objectives were
found for which the mobile applications were developed. The
extracted functionalities and their mapping to the objectives
of the mobile applications are presented in Figure 2. The
objectives of the mobile applications were also mapped to the
selected mobile apps and shown in Table 4 of Appendix A.
The results (see Table 4) show that most of the applications
were developed for the multiple purposes but there was no
single application found that addressed all objectives or pur-
poses. The number of applications that offered a specific
objective is shown in Figure 3. The revealed purposes of the
mobile applications for the COVID-19 pandemic are briefly
discussed below.

1) Remote assistance - About 56 % of the applica-
tions (i.e., 14 out of 25 applications) provide remote
assistance to users or patients. The functionalities
to achieve this objective are remote consultation
through video communication, audio call, instant mes-
saging, and emergency call support. Patients may
conduct self-assessment to check if their symptoms
are related to COVID-19. Some applications support
self-reporting of COVID-19 infection as well as receiv-
ing the virtual medical assistance. A few apps also
provide warning notifications on a regular basis related
to new affected geographical regions and awareness
information about COVID-19.

2) Monitor patients - Around half of the applications
(i.e., 12 out of 25 applications) include features for
monitoring patients by observing the users’ health
parameters such as temperature, heart rate, oxygen,
and blood pressure using Bluetooth certified medical
devices. The patients can consult with doctors through
live video and receive medical advice. Some apps pro-
vide virtual assistance through interacting with people
in natural language and voice.

3) Current status - Most of the applications (i.e., 18 out of
25 applications) provide the current status and statistics
from a local (specific-country context) and a global
perspective through data-sheets and data visualizations.
Such status includes the number of confirmed infected
people, recovery, death, incubation period, etc. with
respect to the time and geographical location. Some
apps provide the prediction data through different kinds
of mathematical analyses; and some other apps provide
recent corona virus related news and push notifica-
tions for any new suspected case, suspected commu-
nity/regions, death, and recovery.
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FIGURE 2. Mind map of the features and objectives of the apps.

4) Prevent COVID-19 - More than half of the selected
applications (i.e., 15 out of 25 applications) provide
services for the prevention of COVID-19 by providing
updated COVID-19 related news about newly sus-
pected community/regions. Especially, these applica-
tions provide the preventive guidelines suggested by
the ministry of health, WHO, CDC, or other authentic
body. Some apps focus to provide the necessary infor-
mation for staying at self-isolation.

5) Control COVID-19 - Around 40% of the applications
(i.e., 10 out of 25 applications) target to control the
spread of COVID-19 by providing instructions for self-
isolation, facilitating to report the suspected cases to
the health authority, nearest hospital, or to the govern-
ment; and conveying the users feedback to the gov-
ernment bodies to take necessary initiative to control
COVID-19. Some other applications provide informa-
tion related to COVID-19 symptoms and keep peo-
ple updated with the situation by providing updated
news regularly, which also assists end-users to control
COVID-19.

6) Communication support - Around one-third of the
applications (i.e., 8 out of 25 applications) include
services to provide communication support using live
chat or video consultation, instant messaging, regu-
lar or emergency phone calls to hot-lines/dedicated
help numbers. A few applications provide interac-
tion/communication facilities between the government
bodies and people. The government can send notices,
health recommendations, and record people’s feedback
to take necessary initiatives to prevent or control the
spread of COVID-19.

7) Treatment services - Around half (48%) of the appli-
cations provide treatment services or treatment-related
information. The available functionalities to achieve
this objective are: search functionality to find nearby
medical facilitates with COVID-19 testing capacity
and pharmacies; provide information about the nearby
hospitals, hospital maps, and travelling information
to reach the nearby hospitals. Some applications pro-
vide information related to COVID-19 symptoms so
that in case of suspected infection, users may conduct
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FIGURE 3. The objectives of the mobile applications.

the self-assessment. Some other apps recommend sus-
pected patients to contact the nearby service centers
or hospitals based on their geographical location and
physical symptoms.

8) Raise awareness - Similar to the current status
objective, most of the applications (i.e., 17 out of 25
applications) make people aware of the pandemic by
providing the recent updates (corona news and corona
status). In addition, some applications provide use-
ful web links related to the COVID-19, information
about when, how, and why to stay at self-isolation.
A few apps provide declarations about new suspected
cases, death, recovery, etc. from a local (a specific
country) perspective and the push notification for any
important/emergency alert message and news about
suspected community/regions.

9) Improve mental health - A total of seven (28%) appli-
cations focused on users’ mental health which is very
crucial for each individual during the pandemic. These
applications improve motivation and self-confidence
of the users through community building, sharing per-
sonal experiences with other people, and by providing
the positive COVID-19 news like recovery updates of
the patients and recent/new initiatives taken by the
government in order to prevent and control the spread
of COVID-19.

B. APP CONTEXT, LANGUAGE AND USER RATINGS
The summary of the evaluated apps as presented in Table 1,
shows that among the existing applications, 4 apps (16%)
were developed exclusively in iOS platform, two apps (8%)
were developed in Windows platform, 12 apps (48%) were
developed in Android platform and the remaining apps were
developed in both iOS and Android platforms. All the apps
were freely available. Each application mentioned about its
privacy policy. More than half of the applications (n = 13)
were developed for a specific country context that includes
India, Vietnam, Brazil, France, Bangladesh, UK, Canada,
Spain, Australia, and Greece. Among the apps, twelve were

developed in local language and one app COVA Punjab was
in English (see Table 1).

C. MINING THE APP REVIEW
A total of ten information systems design characteristics
were found on the mobile applications developed targeting
COVID-19 through mining the app reviews. Both positive
and negative experiences were found in each category of
design characteristics. The design characteristics codes and
the examples of users’ comments are presented with the +

(positive) and - (negative) signs in Table 2. The design char-
acteristics related factors (see Table 2) are discussed below.
Reliability refers to the dependability of the service

[36]–[38] such that it enables users to receive authen-
tic and updated information, and make sure that the app
contents don’t encourage panic but promote awareness. Per-
formance captures the predictability and functionality dimen-
sions [36]. Therefore, performance relates to issues such as
well-execution of the app functionalities, help in slowing
down the spread of the virus, and failure to access some of
the app functionalities properly. Usefulness and Supportive
are concerned with the extent to which an application helps
the users to achieve their purposes such as raise awareness
about the coronavirus, properly keep track of the updated
situation, support for self-caring, and maintain social distanc-
ing. We note that the concept of perceived usefulness has
been widely used in prior literature and has been suggested
as one of the main predictors of adopting and using a service
[39]–[41]. Security and Privacy relate to the users’ concern
on digital privacy, accessing the application anonymously,
unnecessary resource access permission, and asking for per-
sonal information or phone number during sign-up. Both
security and privacy have been suggested important design
considerations in prior literature [42]. Flexibility refers to
the way the system adapts to the changing demands of the
users [36], [37]. Therefore, in our context flexibility is about
allowing the users to post without world limit, avoiding rigid
information (e.g., phone number) input (i.e., in a specific
data format), and allowing options to hide the posts and
setting up reminders. Concerns related to receiving immedi-
ate feedback, activation code or OTP, and fast response/load
are related to the responsiveness factor of information sys-
tems characteristics. The responsiveness characteristics can
be captured through the timeliness and speed characteristics
that have been discussed in prior literature [36]. Ease-of-
use and usable refers to the design aspect of user screens in
terms of ease of use, visual attractiveness, user-friendliness,
and convenience in delivering services [39]. Therefore, these
information systems design characteristics are concerned
with the easy and convenient way to access information, use
of intuitive navigation buttons and visual representations, and
proper organization of the app contents (information architec-
ture). Finally, the culturally sensitive factor refers to develop-
ing contextual (in terms of country and language) applications
for more effective and efficient use of the app functionalities
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TABLE 2. Design characteristics, codes and a set of examples of user comments.

by the local people. We note that language has been empha-
sized by Wixom and Todd [37], whereas Zakaria et al. [43]
emphasized on designing and implementing culturally sensi-
tive IT applications considering privacy and cultural values.

Each of the above information systems design charac-
teristics related factors are mentioned both positively and
negatively in the app review. For example, in the case of
reliability factor (see Table 2), users’ concerns related to
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TABLE 3. Mapping between features and mobile applications.

providing authentic information, respectfulness in publishing
information, and updating information in a regular basis were
positive user experiences; while user comments related to
providing insufficient information, spreading false informa-
tion, discussing unrelated subjects and creating panic were
negative user experiences.

IV. DISCUSSION
The review found that only a limited number of mobile appli-
cations have been developed. However, we note that more
application development efforts will eventually come in the
future. Our review revealed the main purposes of developing
the mobile applications and the functionalities to achieve
these objectives for the prevention, mitigation, and contain-
ment of COVID-19. The review study also explored the key
factors or concerns that affect the end-user experience. Our
results indicate that users prefer applications with higher reli-
ability, performance, responsiveness, supportive, ease-of-use,
usefulness, security, privacy, and flexibility.We also observed
that culturally sensitive applications are needed. COVID-19
pandemic creates a crucial situation in the affected countries.

A. IMPLICATIONS
This research has implications for future research and prac-
tice. The outcomes of this review will greatly contribute to
the health institutes, health workers, practitioners, and the
governments of the COVID-19 affected countries. Our paper
summarizes the currently developed apps to raise awareness
about the existing mobile applications, their functionalities,
and design characteristics. The findings can help to take nec-
essary initiatives in developing new applications or updating

the existing applications to receive maximum benefits out
of these applications during the pandemic. The review study
also can be considered as a requirement elicitation study.
The app developers may consider the revealed objectives and
functionalities as the user requirements. For example, if the
professionals or governments want to develop a mobile appli-
cation to ensure population awareness about the COVID-19
pandemic, they may incorporate the services associated with
the ’raise awareness’ objective. In contrast, if a government
would like to develop a new application to provide all pos-
sible services related to COVID-19, it may consider the nine
objectives and the entire set of functionalities revealed from
this study as shown in Figure 2.

This review also helps to understand the key information
system design characteristics that need to be addressed to
develop such applications. The revealed design characteris-
tics can be considered as the design recommendations to the
practitioners for developing and evaluating such applications.
The design recommendations based on the revealed design
characteristics are as follows. The applications should pro-
vide quick and accurate responses. The apps need to be usable
and useful. The applications should provide authentic infor-
mation in order to be reliable. The applications should also
perform well with the required functionalities. This will also
ensure that the applications are useful and supportive with
respect to the user requirements. The security and privacy
issues should be addressed properly since these aspects are
critical to many users during the vulnerable time. Responsive
and flexible app design and development need to be ensured.
The application should be easy to use in order to ensure that
different types of users can use it. Finally, the application
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TABLE 4. Mapping between objectives and the mobile applications.

should be culturally sensitive, when possible; since users may
prefer to have a contextual (local) app in their own language.

In sum, the findings of our study would be a great source
of inspiration for governments to take necessary initiatives
to develop new applications and promote the adoption of
existing/new mobile application(s). Finally, for app develop-
ment companies, these outcomes provide an indication for
developing new and innovative mobile apps targeting the
affected countries.

B. LIMITATIONS
The study presented in this paper has a few limitations that
are important to acknowledge. Firstly, the criteria (search
strings/keywords) chosen for selecting the relevant apps for
this study may not cover all the available applications, espe-
cially the applications that are named in a local language.
Secondly, this study does not include the relevant apps
that are developed or became available in the app stores
after April 30, 2020. Thirdly, the review data was analyzed
through the qualitative approach using the affinity diagram
and noticing-collecting-thinking. Qualitative analysis is sub-
jective and partly depends on analyzers’ skills, expertise,
and knowledge. Therefore there might be some flaws in the
data extraction, coding, and clustering process. However,
in order to alleviate these limitations, researchers meticu-
lously conducted checks for apps selection and data analysis,
and made adjustments where necessary through discussions.
Fourth, in this study, we did not investigate which features
are essential and which are nice-to-have. Thus, a future study
may explore or classify the essential and nice-to-have features
to achieve the identified objectives. Finally, the online review
data collected from the app stores may contain biases. There-
fore, future research can use multiple methods to collect and
analyze data to investigate the validity of our findings.

APPENDIX A
DATASET
See Table 3 and 4.

REFERENCES
[1] Coronavirus, WHO.int. Accessed: Mar. 14, 2020. [Online]. Available:

https://www.who.int/health-topics/coronavirus
[2] R. H. Xu, J. F. He, M. R. Evans, G. W. Peng, H. E. Field, D. W. Yu,

C. K. Lee, H. M. Luo, W. S. Lin, and P. Lin, ‘‘Epidemiologic clues
to SARS origin in China,’’ Emerg. Infectious Diseases, vol. 10, no. 6,
pp. 1030–1038, 2004.

[3] M. A. Marra, ‘‘The genome sequence of the SARS-associated coron-
avirus,’’ Science, vol. 300, no. 5624, pp. 1399–1404, May 2003.

[4] Coronavirus Disease (COVID-19). WHO.int. Accessed:
May 15, 2020. [Online]. Available: https://www.who.int/docs/default-
source/coronaviruse/situation-reports/ 20200515-covid-19-sitrep-116.
pdf?sfvrsn=8dd60956_2

[5] WHO Director-General’s Opening Remarks at the Media Briefing on
COVID-19–11 March 2020. WHO.int. Accessed: May 15, 2020. [Online].
Available: https://www.who.int/dg/speeches/detail/who-director-general-
s-opening-r emarks-at-the-media-briefing-on-covid-19—11-march-2020

[6] A. Farooq, S. Laato, and A. Islam, ‘‘Impact of online information on
self-isolation intention during the COVID-19 pandemic: Cross-sectional
study,’’ J. Med. Internet Res., vol. 22, no. 5, 2020, Art. no. e19128.

[7] Country & Technical Guidance–Coronavirus Disease (COVID-
19). WHO.int. Accessed: May 15, 2020. [Online]. Available:
https://www.who.int/emergencies/diseases/novel-coronavirus-
2019/technical-guidance

[8] Preventing the Spread of Coronavirus Disease 2019 in Homes and Resi-
dential Communities. CDC.gov. Accessed: May 15, 2020. [Online]. Avail-
able: https://www.cdc.gov/coronavirus/2019-ncov/hcp/guidance-prevent-
spread.html

[9] Government of Canada Takes Action on COVID-19. Canada.ca. Accessed:
May 15, 2020. [Online]. Available: https://www.canada.ca/en/public-
health/services/diseases/2019-novel-cor onavirus-infection/canadas-
reponse/government-canada-takes-action-covid-19.html

[10] Coronavirus (COVID-19) Action Plan. gov.uk. Accessed:
May 15, 2020. [Online]. Available: https://www.gov.uk/government/
publications/coronavirus-action-plan

[11] Additional Precautionary Measures to Prevent Further Importation
of COVID-19 Cases. MOH.gov. Accessed: May 15, 2020. [Online].
Available: https://www.moh.gov.sg/news-highlights/details/additional-
precautionary -measures-to-prevent-further-importation-of-covid-19-
cases

[12] Government Response to Coronavirus, COVID-19. USA.gov. Accessed:
May 15, 2020. [Online]. Available: https://www.usa.gov/coronavirus

[13] M. N. Islam and A. K. M. N. Islam, ‘‘A systematic review of the digital
interventions for fighting COVID-19: The bangladesh perspective,’’ IEEE
Access, vol. 8, pp. 114078–114087, 2020.

[14] A. Zaman, M. Nazrul Islam, T. Zaki, and M. Sajjad Hossain, ‘‘ICT
intervention in the containment of the pandemic spread of COVID-
19: An exploratory study,’’ 2020, arXiv:2004.09888. [Online]. Available:
http://arxiv.org/abs/2004.09888

[15] A. Azim, M. N. Islam, and P. E. Spranger, ‘‘Blockchain and novel coron-
avirus: Towards preventing COVID-19 and future pandemics,’’ Iberoamer.
J. Med., 2020.

[16] How Many Smartphones are in the world?. bankmy-
cell.com. Accessed: May 16, 2020. [Online]. Available:
https://www.bankmycell.com/blog/how-many-phones-are-in-the-world

[17] M. M. Karim, M. N. Islam, A. T. Priyoti, W. Ruheen, N. Jahan, P. L. Pritu,
T. Dewan, and Z. T. Duti, ‘‘Mobile health applications in bangladesh: A
state-of-the-art,’’ in Proc. 3rd Int. Conf. Electr. Eng. Inf. Commun. Technol.
(ICEEICT), Sep. 2016, pp. 1–5.

[18] M. N. Islam, M. M. Karim, T. T. Inan, and A. N. Islam, ‘‘Investigating
usability of mobile health applications in Bangladesh,’’ BMCMed. Inform.
Decis. Making, vol. 20, p. 19, Feb. 2020.

[19] K. Hale, S. Capra, and J. Bauer, ‘‘A framework to assist health profes-
sionals in recommending high-quality apps for supporting chronic disease
self-management: Illustrative assessment of type 2 diabetes apps,’’ JMIR
mHealth uHealth, vol. 3, no. 3, p. e87, Sep. 2015.

[20] D. Kelly, K. Curran, and B. Caulfield, ‘‘Automatic prediction of health sta-
tus using smartphone-derived behavior profiles,’’ IEEE J. Biomed. Health
Informat., vol. 21, no. 6, pp. 1750–1760, Nov. 2017.

VOLUME 8, 2020 145609



M. N. Islam et al.: Review on the Mobile Applications Developed for COVID-19: An Exploratory Analysis

[21] B. Martínez-Pérez, I. de la Torre-Díez, M. López-Coronado, and
J. Herreros-González, ‘‘Mobile apps in cardiology: Review,’’ JMIR
mhealth uhealth, vol. 1, no. 2, p. e15, Jul. 2013.

[22] N. Shen, M.-J. Levitan, A. Johnson, J. L. Bender, M. Hamilton-Page,
A. R. Jadad, and D. Wiljer, ‘‘Finding a depression app: A review and con-
tent analysis of the depression app marketplace,’’ JMIR mHealth uHealth,
vol. 3, no. 1, p. e16, Feb. 2015.

[23] R. Schnall, J. P. Mosley, S. J. Iribarren, S. Bakken,
A. Carballo-Diéguez, and W. Brown III, ‘‘Comparison of a user-centered
design, self-management app to existing mHealth apps for persons living
with HIV,’’ JMIR mHealth uHealth, vol. 3, no. 3, p. e91, Sep. 2015.

[24] K. E. Muessig, E. C. Pike, S. LeGrand, and L. B. Hightow-Weidman,
‘‘Mobile phone applications for the care and prevention of HIV and other
sexually transmitted diseases: A review,’’ J. Med. Internet Res., vol. 15,
no. 1, p. e1, Jan. 2013.

[25] J. L. Bender, R. Y. K. Yue, M. J. To, L. Deacken, and A. R. Jadad, ‘‘A lot of
action, but not in the right direction: Systematic review and content analysis
of smartphone applications for the prevention, detection, and management
of cancer,’’ J. Med. Internet Res., vol. 15, no. 12, p. e287, Dec. 2013.

[26] J. Firth and J. Torous, ‘‘Smartphone apps for schizophrenia: A systematic
review,’’ JMIR mHealth uHealth, vol. 3, no. 4, p. e102, Nov. 2015.

[27] F. Monteiro-Guerra, O. Rivera-Romero, L. Fernandez-Luque, and
B. Caulfield, ‘‘Personalization in real-time physical activity coaching using
mobile applications: A scoping review,’’ IEEE J. Biomed. Health Informat.,
vol. 24, no. 6, pp. 1738–1751, Jun. 2020.

[28] J. Nicholas, M. E. Larsen, J. Proudfoot, and H. Christensen, ‘‘Mobile apps
for bipolar disorder: A systematic review of features and content quality,’’
J. Med. Internet Res., vol. 17, no. 8, p. e198, Aug. 2015.

[29] A. Lucero, ‘‘Using affinity diagrams to evaluate interactive prototypes,’’
in Proc. IFIP Conf. Hum.-Comput. Interact. Cham, Switzerland: Springer,
2015, pp. 231–248.

[30] J. Seidel, ‘‘Qualitative data analyisis. the ethnograph v5 manual, appendix
e,’’ in Qualis Research, vol. 5. Colorado, FL, USA: Colorado Springs,
1998.

[31] B. Fu, J. Lin, L. Li, C. Faloutsos, J. Hong, and N. Sadeh, ‘‘Why people
hate your app: Making sense of user feedback in a mobile app store,’’ in
Proc. 19th ACM SIGKDD Int. Conf. Knowl. Discovery Data Mining, 2013,
pp. 1276–1284.

[32] A. K. M. N. Islam, M. Mäntymäki, and M. Turunen, ‘‘Why do
blockchains split? An actor-network perspective on Bitcoin splits,’’ Tech-
nol. Forecasting Social Change, vol. 148, Nov. 2019, Art. no. 119743,
doi: 10.1016/j.techfore.2019.119743.

[33] N. Islam, M. Mäntymäki, and M. Turunen, ‘‘Understanding the role of
actor heterogeneity in blockchain splits: An actor-network perspective
of bitcoin forks,’’ in Proc. 52nd Hawaii Int. Conf. Syst. Sci., 2019,
pp. 4595–4604.

[34] R. V. Kozinets, ‘‘Netnography,’’ in The International Encyclopedia of
Digital Communication and Society. Atlanta, GA, USA: American Cancer
Society, 2015, pp. 1–8.

[35] M. B. Miles and A. M. Huberman, Qualitative Data Analysis: An
Expanded Sourcebook. Newbury Park, CA, USA: Sage, 1994.

[36] N. Forsgren, A. Durcikova, P. F. Clay, and X. Wang, ‘‘The integrated user
satisfaction model: Assessing information quality and system quality as
second-order constructs in system administration,’’ Commun. Assoc. for
Inf. Syst., vol. 38, pp. 803–839, 2016.

[37] B. H. Wixom and P. A. Todd, ‘‘A theoretical integration of user satisfaction
and technology acceptance,’’ Inf. Syst. Res., vol. 16, no. 1, pp. 85–102,
Mar. 2005.

[38] A. N. Islam, M. Koivulahti-Ojala, and T. Käkölä, ‘‘A lightweight,
industrially-validated instrument to measure user satisfaction and service
quality experienced by the users of a UML modeling tool,’’ in Proc.
AMCIS, 2010, p. 287.

[39] A. Islam andM.Mäntymäki, ‘‘Continuance of professional social network-
ing sites: A decomposed expectation-confirmation approach,’’ in Proc. Int.
Conf. Inf. Syst., Orlando, FL USA, 2012, pp. 1–18.

[40] A. N. Islam, ‘‘Understanding continued usage intention in e-learning con-
text,’’ in Proc. Bled eConference, 2011, p. 28.

[41] A. K. M. N. Islam, ‘‘Understanding the continued usage intention of
educators toward an e-Learning system,’’ Int. J. E-Adoption, vol. 3, no. 2,
pp. 54–69, Apr. 2011.

[42] S. Fischer-Hübner, IT-Security and Privacy: Design and Use of
Privacy-Enhancing Security Mechanisms. Cham, Switzerland: Springer,
2001, doi: 10.1007/3-540-45150-1.

[43] N. Zakaria, J. M. Stanton, and S. T. Sarkar-Barney, ‘‘Designing and imple-
menting culturally-sensitive IT applications,’’ Inf. Technol. People, vol. 16,
pp. 49–75, 2003.

MUHAMMAD NAZRUL ISLAM received the
B.Sc. degree in computer science and information
technology from the Islamic University of Tech-
nology, Bangladesh, in 2002, the M.Sc. degree
in computer engineering from the Politecnico di
Milano, Italy, in 2007, and the Ph.D. degree in
information systems from Åbo Akademi Univer-
sity, Finland, in 2014. He was a Visiting Teaching
Fellow with Uppsala University, Sweden, and as a
Postdoctoral Research Fellow with Åbo Akademi

University. He was also a Lecturer and an Assistant Professor with the
Department of Computer Science and Engineering, Khulna University of
Engineering and Technology (KUET), Bangladesh, from 2003 to 2012. He is
currently an Associate Professor with the Department of Computer Science
and Engineering, Military Institute of Science and Technology (MIST),
Mirpur Cantonment, Dhaka, Bangladesh. He has authored more than 80
peer-reviewed publications in international journals and conferences. His
research interests include but not limited to human–computer interaction
(HCI), humanitarian technology, health informatics, military information
systems, information systems usability, and computer semiotics. He is a
member of The Institution of Engineers, Bangladesh (IEB).

IYOLITA ISLAM received the B.Sc. degree in
computer science and engineering from the Mil-
itary Institute of Science and Technology (MIST),
Dhaka, Bangladesh, in 2017, where she is cur-
rently pursuing the M.Sc. degree in computer
science and engineering. She has been serv-
ing as a Lecturer with the Computer Science
and Engineering Department, MIST, since 2018.
She has authored several conference papers. Her
research interests include human–computer inter-

action, blockchain technology, health informatics, and industry 4.0. She
received the Best Paper Award at the International Conference on Sustainable
Technologies for Industry 4.0 (STI 2019). She is an Associate Member of
The Institution of Engineers, Bangladesh (IEB).

KAZI MD. MUNIM received the B.Sc. degree in
computer science and engineering from the Mili-
tary Institute of Science and Technology (MIST),
Dhaka, Bangladesh, in 2017, where he is currently
pursuing the M.Sc. degree. He is also a Soft-
ware Quality Assurance Engineer by Profession.
He has authored several conference papers. His
research interests include human–computer inter-
action, blockchain, and industry 4.0. He received
the Best Paper Award at the International Confer-

ence on Sustainable Technologies for Industry 4.0 (STI 2019).

A. K. M. NAJMUL ISLAM received the M.Sc.
(Eng.) degree from the Tampere University of
Technology, Finland, and the Ph.D. degree in
information systems from the University of Turku,
Finland. He is currently an Adjunct Professor at
Tampere University, Finland. He is a Scientist at
LUT University, Finland. He is also a Univer-
sity Research Fellow at the Department of Future
Technologies, University of Turku. He has more
than 95 publications. His research interest includes

human-centered computing. His research has been published in top outlets,
such as IEEE ACCESS, the European Journal of Information Systems, the
Information Systems Journal, the Journal of Strategic Information Systems,
Computers in Industry, Technological Forecasting and Social Change, Com-
puters in Human Behavior, Internet Research, Computers & Education, the
Journal of Medical Internet Research, Information Technology & People,
Telematics & Informatics, the Journal of Retailing and Consumer Research,
Communications of the AIS, the Journal of Information Systems Education,
the AIS Transactions on Human-Computer Interaction, and Behaviour &
Information Technology, among others.

145610 VOLUME 8, 2020

http://dx.doi.org/10.1016/j.techfore.2019.119743
http://dx.doi.org/10.1007/3-540-45150-1

