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Mobile applications are continuously increasing in prevalence. One of the main challenges in mobile application development is
creating cross-platform applications. To facilitate developing cross-platform applications, the software engineering community
created several solutions, one of which is React Native (RN), which is a popular cross-platform framework. The software engineering
literature demonstrated the effectiveness of Stack Overflow (SO) in providing real-world perspectives on a variety of technical
subjects. Therefore, this study aims to gain a better understanding of the stance of RN on SO.We identified and analyzed 131,620 SO
RN-related questions. Moreover, we observed how the interest toward RN on SO evolves over time. Additionally, we utilized Latent
Dirichlet Allocation (LDA) to identify RN-related topics that are discussed within the questions. Afterward, we utilized a number of
proxy measures to estimate the popularity and difficulty of these topics. The results revealed that interest toward RN on SO was
generally increasing. Moreover, RN-related questions revolve around six topics, with the topics of layout and navigation being the
most popular and the topic of iOS issues being the most difficult. Software engineering researchers, practitioners, educators, and RN
contributors may find the results of this study beneficial in guiding their future RN efforts.

1. Introduction

The demand and usage of mobile applications has been con-
tinuously growing over time [1–3]. Mobile applications are
becoming ubiquitous that pertain to many aspects of life,
such as education [4], health [5], finance [6], transportation
[7], entertainment [3], and more [3]. The number of mobile
applications that can be downloaded on Google Play Store
(https://play.google.com/store) and Apple App Store (https://
apps.apple.com/) combined is above 5 million applications. A
report on the usage of mobile applications divulged that the
revenue of Google Play Store and Apple App Store in the third
quarter of 2021 is over 30 billion US dollars. The revenue of
mobile applications is expected to increase in the future, with a
prediction to reach more than 613 billion US dollars in
2025 [8].

Though the reliance on mobile applications is growing in
popularity, with tremendous potential and opportunities at
hand, mobile application development is not an easy feat
[2, 9–11]. Mobile application development is considered to
be distinct from traditional software system development,

and it has its unique set of challenges [1, 2, 12–15]. One of
the core challenges that resides within mobile application
development is the development of cross-platform applica-
tions. A cross-platform application refers to a mobile applica-
tion that runs seamlessly on multiple operating systems, such
as Android and iOS [2, 11]. As mobile applications are
expected to be compatible with multiple platforms, the soft-
ware engineering community has gone to great lengths to aid
and facilitate the process of developing cross-platform appli-
cations by creatingmultiple solutions, with an aim to decrease
the cost of, speed, and simplify developing cross-platform
applications [15–17]. Particularly, to overcome challenges
within the development of cross-platform applications, the
software engineering community produced several solutions,
such as practices, tools, and technologies [2, 17–20]. One of
these solutions is cross-platform development frameworks,
which allow mobile developers to develop one codebase that
can be run on multiple platforms, aiming to produce cross-
platform applications more efficiently and effectively [21, 22].

React Native (RN) (https://reactnative.dev/) is an open-
source cross-platform development framework created by
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Meta, known previously as Facebook [21, 22]. RN was devel-
oped and used internally by Meta in 2013, and it was offi-
cially released in 2015 [23, 24]. The framework enables
developers to build a single application that can be run on
multiple platforms, such as iOS and Android, through native
rendering for each platform [25]. RN is a popular mobile
development framework that has been utilized to build thou-
sands of mobile applications, such as Skype, Microsoft
Teams, Shopify, Tableau, and more [21, 26]. Furthermore,
Stack Overflow (SO) conducts an annual survey that aims to
understand trends within the technology field. In the 2022
SO survey (https://survey.stackoverflow.co/2022/) in which
over 70,000 developers from over 180 countries took part,
not only RN was found to be one of the most three popular
cross-platform frameworks but also one of the top three most
wanted to learn.

Upon examining the software engineering literature, we
found that SO has been successfully utilized to gain a better
understanding of various subjects in the software engineer-
ing field [2, 27–31], as the website is considered to be the
largest, most popular, and most trusted technical online
Q&Awebsite [2, 28]. Specifically, analyzing questions related
to a specific subject was found to be fruitful in understanding
the interest toward the subject on the website, identifying
topics that are discussed within the subject, and estimating
the popularity and difficulty of these identified topics
[2, 28, 30].

Acquiring a better understanding on the stance of RN on
SO can be beneficial from multiple perspectives. RN practi-
tioners can gain insights into the challenges they might
encounter while working with RN and, by extension, within
the broader field of mobile development. Both RN contribu-
tors and software engineering researchers can identify areas
in which RN and mobile development can be enhanced.
Lastly, by unveiling and understanding the challenges within
the usage of RN, software engineering educators can tailor
their teaching curricula to address these challenges effec-
tively. Therefore, in this study, we conducted an empirical
analysis that is focused on RN-related questions on SO. The
study was initiated by identifying and acquiring 131,620 RN-
related questions. Afterward, we analyzed these questions to
gauge how the interest toward RN on SO evolved over time.
We then utilized Latent Dirichlet Allocation (LDA), a topic
modeling technique, to understand what RN-related topics
are discussed on the website [32]. Then, we leveraged a
number of proxy measures to estimate the popularity and
difficulty of each identified topic. The main contributions of
this study can be summarized as follows:

(1) Identifying and analyzing a set of 131,620 SO RN-
related questions.

(2) Revealing that the interest toward RN on SO is gen-
erally increasing.

(3) Identifying the six main topics that SO users are
asking about with respect to RN.

(4) Assessing the popularity and difficulty of these iden-
tified six topics.

The rest of the paper is organized as follows: background
information is presented in Section 2; an overview of previ-
ous, related work is summarized in Section 3; the setup of the
study is described in Section 4; Section 5 presents the results
of the study, and Section 6 discusses the results; Section 7
summarizes implications of the study; Section 8 presents
threats to the validity of the study and their corresponding
mitigation strategies, once applicable; lastly, the paper is con-
cluded in Section 9.

2. Background

This section presents background information that aids in
understanding the study. Specifically, we provide a summa-
rized overview of the Stack Exchange network and SO, RN,
and the LDA algorithm. We note that the descriptions of the
Stack Exchange network and SO are derived from the Stack
Exchange network website meta, and the summary of RN is
sourced from its official documentation.

2.1. Stack Exchange Network and Stack Overflow (SO). Stack
Exchange network contains over 170 Q&A websites that
span over multiple fields. The main idea of the network is
helping users gaining and sharing knowledge through asking
questions, answering questions, or commenting on questions
and answers. Questions are required to be labeled with at
least one tag and can have up to five tags. A tag is a keyword
that aids in categorizing and searching questions. Users can
also upvote or downvote questions based on how they per-
ceive the value of a question. Websites on the network are
self-moderated through a reputation system. This system
rewards users based on the quality of their contributions
(i.e., questions, comments, answers, and edits), where a user’s
reputation is increased when other users upvote their con-
tributions, and it decreases if the user’s contributions are
downvoted.

The largest, oldest, and most popular Stack Exchange
community website is SO. Since the website’s inception in
2008, the number of its users has increased, and the website
is estimated to have more than 7 million daily visits and
around 5,000 daily posted questions. As of December 07,
2022, SO has 19,330,674 million users, 23,147,406 million
questions, 34,321,516 million answers, and 87,107,650 mil-
lion comments. The website caters to both amateur and pro-
fessional users, and it serves as a platform in which they can
seek and give answers to technical issues. Questions on the
website cover a wide range of coding and programing issues,
such as a specific software development problem, encoun-
tered bug, algorithm, or a testing problem.

2.2. React Native (RN). RN is an open-source framework for
building cross-platform applications using JavaScript based
on React [23]. The framework was developed and utilized
internally by Meta since 2013, and it was publicly released in
2015 [23]. Since the framework release, it has proven its
capability in creating robust and responsive mobile applica-
tions effectively and efficiently [21]. Not only the framework
has been adopted by many users, but many major companies
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have also invested heavily in the framework, such as Micro-
soft, Discord, and Shopify [26].

The framework grants its users the ability to write code
once and deploy it across multiple platforms. As Figure 1
depicts, this is accomplished through a process known as
bridging, which refers to the process of connecting JavaScript
code to the native code of a platform [21]. This enables
developers to write a single codebase while still having access
to native functionalities and components that are specific to
each platform. When an RN application is compiled, the
JavaScript code is bundled and shipped with the application,
and at runtime, the JavaScript code communicates with the
native code through the bridge [21]. The bridge allows the
JavaScript code to interact with native components such as
the camera and push notifications [21].

In RN, components are the building blocks of an appli-
cation [25]. A component is a reusable piece of code that
defines a part of the user interface that can also be combined
to create more complex user interfaces. The framework pro-
vides a range of standard (i.e., built-in) components that
developers can utilize across platforms, such as Buttons,
Text, View, and Input. These components are designed to
look and behave the same way on each platform, providing a
consistent user experience. Additionally, developers can cre-
ate custom components that can be reused across different
parts of an application or even across different applications
[22]. The appearance of a component can be customized
through properties, which are values that are passed to a
component when it is created. The behavior or state of a
component can be altered through methods, which are func-
tions that can be used to update the component’s behavior or
state. Components can also be further categorized into class
or function components, where function components used
to be stateless until a recent update that enabled function
components to have state [33].

One of the key benefits of the framework is that it enables
developers to create high-performance native mobile appli-
cations using a familiar web development toolset, which
makes it easier for web developers to transit to mobile appli-
cation development and allows them to leverage their exist-
ing skills and knowledge [22, 34, 35]. Another benefit is that

the framework can lower the cost of application development
and increase the productivity of developers while preserving
a native look and feel for the developed applications [22].

2.3. Latent Dirichlet Allocation (LDA). Topic modeling is an
unsupervised machine-learning technique that attempts to
derive main topics from a huge collection of text. LDA is a
topic modeling algorithm that has been widely utilized in the
field of software engineering to gain an insight into devel-
opers’ discussions that revolve around a variety of subjects
due to the algorithm’s effectiveness and efficiency
[28, 30, 36–38]. In the context of SO, the input to the algo-
rithm is a set of SO questions. The algorithm groups words
extracted from the set of questions based on the frequency of
their cooccurrence appearance. Subsequently, the algorithm
assigns a probability score to each question that indicates the
question’s relation to each extracted topic. Deciding the topic
to which a question belongs to is based on the obtained
probability scores; questions are categorized under topics
that scored the highest [2, 28]. Moreover, the algorithm out-
puts the top-10 keywords that appear the most in each
extracted topic [2, 28, 30, 36].

One challenge within the usage of the algorithm is deter-
mining the optimal number of topics, as the number of
topics is one of the required inputs to the algorithm. Deter-
mining the optimal number of topics is particularly crucial,
as the quality of the obtained results is highly influenced by
the number of topics [2, 32, 36]. Assigning a large number of
topics may lead to coarse-grained topics, which may compli-
cate the analysis of topics and result in useless topics
[2, 32, 36]. On the other hand, assigning a small number
of topics may lead to overlapping topics that are challenging
to analyze [2, 32, 36]. This challenge can be overcome by
conducting multiple experiments with varying number of
topics [2, 30, 36, 37, 39]. The initial number of topics can
be set to two, and it should be incremented in each experi-
ment run by a predefined increment. Additionally, in each
experiment run, the coherence score, which is a model qual-
ity indicator, must be recorded. A higher coherence score
indicates better model quality, though it is not an absolute
guarantee. Once the experiment runs are concluded, the
model that obtained the highest coherence score can be con-
sidered the optimal model, and therefore, its number of
topics can also be utilized as the optimal number of topics
[2, 30, 40].

Another challenge that resides within the utilization of
the algorithm is that the algorithm only groups questions
into topics without naming these topics [28]. Fortunately,
one can follow a manual approach to name these topics
[28], such as open card sort [41] or thematic analysis [42].

3. Related Work

SO has been utilized by multiple previous, related works to
gain a better understanding of mobile development. Many
studies have aimed to understand mobile-development-
related questions in general, while other studies have either
focused on specific mobile platforms or programing
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render: function() {
        return <View> Hello
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FIGURE 1: An illustration of bridging in RN.
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languages. To the best of our knowledge, there is no previous
study that is focused on RN.

Linares-Vásquez et al. [10] analyzed over 400,000 SO
mobile-related questions. The authors applied LDA to under-
stand the main discussed topics. Then, they analyzed the
questions to gain an insight into the answering trends. The
analysis revealed that SO users focus their answering on one
platform, such as only answering Android-related questions.
In addition, the results revealed that some of the identified
topics have more accepted answers, including the topics of
data types, compatibility, and layout. Conversely, questions
related to accessing/browsing web content and graphics edit-
ing topics were found to have lower rates of accepted answers.
Similarly, our study found that the layout topic has a relatively
high accepted answer rate in comparison to the other identi-
fied RN-related topics. Similarly, Rosen and Shihab [2] ana-
lyzed over 13 million mobile-related posts on SO to gain an
insight intomobile-related topics that SO users ask about. The
authors utilized LDA on the retrieved posts, and they found
that the identified set of questions can be categorized into
application distribution, user interface development, mobile
tools, mobile APIs, sensors and context, and data manage-
ment. The study found that application distribution, user
interface development, and mobile tools were the most popu-
lar categories of topics. Both Rosen and Shihab’s study and
our study found that topics that are relevant to the mobile
application look (i.e., user interface and layout) are among the
most popular mobile-related topics. Furthermore, Rosen and
Shihab [2] found that mobile APIs was one of the most diffi-
cult category of topics. The authors furthered their analysis by
exploring platform-specific issues and found that different
mobile platforms have different issues; Android developers
were mainly struggling with the open API of their platform,
while iOS developers were mainly asking about distributing
and deploying applications. Lastly, the study explored what
type of questions are asked by SO users with regard to mobile
development and found that questions are mainly focused on
seeking instructions, which may indicate an increased need
for better documentation.

Beyer and Pinzger [43] conducted a manual analysis of
450 SO Android-related questions. The result revealed that
the majority of these questions were of the types of “How to”
and “What is the problem.” Additionally, the study found
that questions related to user interface and core elements
were the most frequently asked topics. Similarly, our study
found that the layout and navigation topic to be the most
discussed and the most popular RN-related topic. Oliveira
et al. [44] analyzed over 9,000 Kotlin-related questions
retrieved from SO using LDA and expanded the scope of
their exploration by conducting semi-structured interviews
with seven practitioners, which are mobile developers,
mobile engineers, Android test analysts, mobile leader engi-
neers, and mobile consultants. The study found that SO
Kotlin-related discussions revolve around seven categories
of topics. The study also revealed that though developers
perceive Kotlin to be easy to use and have the potential in
improving code quality, developers face many challenges
when utilizing the language, such as interoperating with Java.

Several other works have utilized SO and LDA to gain an
insight into multiple software engineering subjects, such as
security [45], concurrency [29], ethics [36], microservices
[46], big data [47], chatbot [31], and more [48, 49]. More-
over, Silva et al. [28] surveyed the literature of topic modeling
in software engineering research, and we recommend the
reader to reference the survey for a more comprehensive
overview on topic modeling in software engineering.

4. Study Setup

This section outlines the setup of the study: research ques-
tions and utilized dataset.

4.1. Research Questions. This study addresses three research
questions that were derived to attain the goal of this study:
acquiring a better understanding of the stance of RN on SO.

4.1.1. Interest. As this study’s primary objective is to gain a
better understanding of the stance of RN on SO, it is only
imperative to gauge the interest toward the framework on the
website and how it evolved over time. Hence, the first
research question of this study is: RQ1: How does the interest
toward RN on SO evolve over time?

4.1.2. Topics. The interest toward mobile applications and
their development has been steadily growing [2, 3]. Mobile
application development is considered to be unique from
traditional software development, and it has a distinguished
set of challenges [1, 2, 12–15]. Despite RN’s aim to ease the
process of mobile application development, the utilization of
the framework still demands overcoming some of the innate
hurdles within the development of mobile application develop-
ment, such as optimizing layout and power consumption
[2, 15]. Thus, RN developers may encounter many challenges
when using the frameworks. As this study’s main aim is to
acquire a better understanding of the stance of RN on SO, it
is crucial to understand RN-related topics that are discussed by
the website users. Therefore, the second research question of
this study is: RQ2:What RN-related topics are discussed on SO?

4.1.3. Topic Characteristics. Though the second research ques-
tion aims to identify the topics related to RN that are discussed
on SO, the question fails to provide any information about how
popular or difficult these topics are. Estimating the popularity
of these topics can be beneficial in determining which topics are
of most interest to developers [2, 30, 36, 37, 50]. Moreover,
identifying which RN-related topics are more difficult can be
beneficial in determining which topics are considered more
important and require more attention [2, 30, 36, 37, 50]. Fur-
thermore, gaining an insight regarding the monotonic correla-
tion between popularity and difficulty grants a comprehensive
understanding of the relationship between popularity and dif-
ficulty [2, 30, 37, 50]. This leads to the study’s third research
question being: RQ3: What are the characteristics of the identi-
fied topics, in terms of popularity and difficulty, and how are
popularity and difficulty related?

4.2. Dataset. The first step to answer this study’s research
questions was obtaining a dataset that contains SORN-related
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questions. To acquire these questions, we utilized the Stack
Exchange Data Dump (https://archive.org/details/stackexcha
nge), which is a collection of XML files containing anon-
ymized data of all user contributions on Stack Exchange web-
sites. The data used in this study were the SO Stack Exchange
Data Dump, including data until December 07, 2022. To
identify RN-related questions in the utilized dump, we
applied a search method that includes both tag-based and
content-based filterings, as utilized by other studies [30, 36,
49]. The method involves searching for questions in the data-
set that contains the term “react_native” where “_” represents
any character, in its title, body, or one of its tags, without
distinction of letter case. This search method retrieved a total
of 131,620 questions. To verify that the retrieved questions are
RN-related, we selected a random representative sample (383
questions, based on a 95% confidence interval). Afterward,
following the guidelines of Ralph et al. [51], two authors
independently reviewed each selected question to determine
its relevance to RN. Then, the two authors compared their
results in a joint meeting in which they calculated Cohen’s
kappa coefficient to measure the inter-rater agreement. The
resultant Cohen’s kappa coefficient was 1.00, indicating per-
fect agreement between the two authors [52]. Moreover, the
review confirmed that all selected questions are RN-related.
As a result, all of the 131,620 retrieved questions were utilized
to answer the research questions of the study.

5. Results

5.1. RQ1: How Does the Interest Toward RN on SO Evolve
over Time?

5.1.1. Approach. To understand how RN questions evolved
over time on SO, we utilized a number of proxy measures
that were utilized by previous, related studies [2, 50]. In
particular, we measured the number of RN-related questions
posted each year and the number of unique users who posted
an RN-related question in each year. Calculating the yearly
total number of RN-related questions can provide an insight
into SO users’ general interest in RN [2, 50]. Calculating the
number of unique users who asked at least one RN-related
question can provide an insight into whether RN-related
questions are asked by a large number of users or by fre-
quent, few users [2, 50]. We underscore that each user is
counted once in the number of unique users; if a user asked
multiple RN-related questions in 1 year or many years, we
only count the user in the first year they posted the ques-
tion [2, 50].

5.1.2. Results. The total number of RN-related questions that
are posted yearly on SO was calculated and compared.
Figure 2 presents the yearly distribution of RN-related ques-
tions posted on SO. As the figure depicts, RN was present in
SO since the framework very early years. Though the number
of questions posted on each year prior to 2015 (i.e., the year
in which the framework was officially released) is very small,
the number of questions has been steadily increasing since
then throughout the years, with a drop in 2021.

The annual distribution of SO unique users who asked
RN-related questions followed a similar trend, as depicted in
Figure 3. As the figure presents, the number of new users
who ask an RN-related question was pretty small prior to
2015. The number of new users has been steadily increasing
since then, with a drop in 2021.

RN-related questions are present on SO since the frame-
work early years. The annual number of questions and the
annual number of unique users who asked RN-related ques-
tions have been generally increasing through the years, with
drops in 2021.

5.2. RQ2: What RN-Related Topics Are Discussed on SO?

5.2.1. Approach. To identify RN topics discussed by SO users,
we modeled the set of identified questions using LDA, as
LDA has proved its effectiveness in topic modeling and has
been successfully utilized within the software engineering
field [28, 29, 53–57]. Particularly, we followed the approach
illustrated in Figure 4. Initially, we preprocessed the acquired
set of 131,620 RN-related questions to eliminate any noise
that may impact the quality of the LDA model [39]. The
preprocessing step involved removing HTML elements,
HTML tags, and URLs. Afterward, the NLTK corpus was
used to remove all stop words (e.g., the and is) [58]. Then,
we utilized spaCY Lemmatizer to reduce words to their root
form, such as converting “creating” to “create.” After
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completing the aforementioned preprocessing steps, we built
a bigram model using Gensim, as bigram models have been
proven to be successful in improving the quality of textual
processing [30, 59]. Then, we used the LDA to identify topics
that are discussed within the acquired set of RN-related ques-
tions. To identify the optimal number of topics, we conducted
multiple preliminary experiments, following the approach of
related, previous studies [2, 28, 30, 36, 37, 50, 59, 60]. We
inputted 2 as the number of topics in the first experiment,
and then we incremented the number of topics by 2 in each
following experiment. We recorded the resulting coherence
score of each experiment run. The coherence score is a quality
measure of the resulting LDA model, where higher scores
imply better quality, although it does not provide an absolute
guarantee [2, 36, 59]. The experiments were stopped once
passed 50 topics, as the coherence score drastically decreased.
The highest coherence score was 0.62, which implies that RN-
related questions can be categorized into six topics.

To determine the names of the identified topics, we con-
ducted a thematic analysis [42]. Specifically, we utilized an
inductive approach to name the set of identified topics. In
this approach, no predefined set of topic names is given.
Instead, the name of each topic is generated during the anal-
ysis. Therefore, two authors reviewed the top-10 keywords
and the most-50-relevant questions (i.e., questions that have
the 50 highest probability of belonging to a topic) of each
identified topic to assign it a name. Subsequently, to verify
the suitability of the assigned name to each topic, all three
authors reviewed a representative, random sample of its
questions [2, 30, 36, 37, 59].

5.2.2. Results. The previous approach revealed that RN-
related questions on SO can be categorized into six topics.
Table 1 presents the topics, their associated top-10 keywords,
and frequency. Below, we provide a detailed description of
each topic, sorted based on decreasing frequency.

(1) Layout and Navigation. Layout refers to the arrange-
ment and organization of visual elements, such as images

and texts, within an application [61]. RN utilizes a flex-
box-based layout system that aims to provide a consistent
responsive layout on different screen sizes by automatically
positioning and sizing elements [2, 10, 43]. Navigation refers
to the ability to move between views and screens within an
application [62]. RN provides a set of libraries that aims to
facilitate the navigation of applications, such as RN Naviga-
tion [34] and React Router [63]. Layout and navigation can
be generally considered to be closely related, as the layout of
a screen determines an application’s navigation flow. There-
fore, it is crucial to design the layout and navigation of an
application in a cohesive manner to attain a smooth and
efficient user experience. A total of 27,844 questions were
identified to be belonging to the layout and navigation topic.
Users asked about several issues related to layout and navi-
gation, including nested navigation and setting up the navi-
gation between screens. “React Native navigating between
two screens back and forth,” “How to navigate between dif-
ferent nested stacks in React Navigation without changing
the state of bottom navigator,” and “React Navigation
switching background colors and styling StackNavigator”
are examples of questions within this topic.

(2) Components. The topic of components was found to
be the second largest topic, with a total of 24,645 questions.
Questions in this topic inquire about all component types,
including class, function, core, and custom components.
Moreover, users asked about communication among com-
ponents in addition to converting from one component type
to another type. Examples of questions within this topic are:
“How to pass multiple functions from a Class component to
a Function component?”, “How to pass data from a Function
component to a Class component?”, and “Converting Class
components to Function components and using hooks.”

(3) Android Issues. The Android issues topic includes
22,792 questions that are focused on RN issues related to
the Android platform. Questions on this topic include com-
patibility issues with setting up the development environ-
ment, issues with building and compilation, issues resulting

RN-related questions

131,620
questions

Data preprocessing Bigram modeling

Build a bigram model using
Gensim

LDA topic modeling
Select optimal number of

topics

Categorize question into
topics

Six topics

Topic naming
Thematic analysis on top-10 keywords

and top-50 questions of each topic

Review a representative random
sample of each topic’s questions

Six named
topics

Remove HTML element,
HTML tags, and URLs

Remove stop words using
NLTK

Lemmatize using spaCY
Lemmatizer

FIGURE 4: Overview of topic identification approach.

TABLE 1: RN-related topics, associated top-10 keywords, and frequency.

Topic name Keywords Frequency

Layout and navigation Screen, button, view, navigation, click, text, item, list, add, display 27,844
Components Component, function, state, render, update, object, array, pass, call, change 24,645
Android issues Error, file, build, android, version, package, fail, module, node_module, import 22,792
iOS issues App, work, issue, ios, device, expo, open, android, test, link 20,303
Authentication and authorization User, datum, create, api, store, log, server, message, firebase, request 19,844
Permissions and utilities Image, time, problem, load, notification, event, video, background, implement, idea 16,192
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from Android or RN updates, issues within the creation of
Android Application Packages (APKs), and more. “Gradle
build unsuccessful in android after Updating to 3.0.1,”
“react-native-gesture-handler’ error when release APK in
React Native,” and “Update Expo SDK from 44 to 45, 46
or 47 not working” are examples of questions in this topic.

(4) iOS Issues. A total of 20,303 RN-related questions
were found to be pertaining to iOS issues. Similar to the
Android issues topic, the iOS topic contains questions that
are related to development tools and environment setup
issues; building and compilation errors; issues resulting
from tools, iOS, or RN updates; and issues when deploying
an iOS application to the Apple App Store. “Updated XCode
to XCode 12.2/React Native 0.63.2 Build Fails” and “Unable
to deploy my React Native app to app store (iOS)” are exam-
ples of such questions. Moreover, users asked about how to
achieve a goal using RN for an iOS application and explained
how will they typically achieve such a goal in Android. They
have also reported on an issue that they faced within an iOS
application but not within the Android version, such as “Not
able to open Attachments in Salesforce Lightning Chatter
page iOS WebView” and “How can a native code in Android
be converted for Windows and ios using React Native.”

(5) Authentication and Authorization. Authentication
refers to verifying the identity of a user, and authorization
refers to granting or restricting access to services or resources
based on a user’s identity [64]. A total of 19,844 RN-related
questions were found to be related to the authentication and
authorization topic. Questions on this topic include inquiries
on how to build highly secure applications, how to fix faced
errors, and what best practices can be applied in terms of
authentication and authorization. Examples of such ques-
tions are “How to build a highly secure End to End Encryp-
tion React Native messaging app,” “apple-signin-auth node js
React Native error: invalid id token public key id,” and
“Authentication in react-native: best approaches.” Questions
also include asking about specific authentication and autho-
rization solutions, where OAuth, Firebase, Firestore, and
JSON Web Tokens (JWTs) are among the commonly dis-
cussed ones, such as “How to authenticate in Firebase by
sending Otp to users via Email and “How to add JWT
auth and RSA private or public key in React Native key-
chain?”. Questions also include how to utilize secure storage
solutions, such as Keychain or Secure Store, in order to
securely store users’ login credentials. “Ionic: I want storing
authentication token only in an encrypted form, using a
secure encryption key from the Android Keystore and the
iOS keychain” and “Async Storage/Secure Store help for
React Native” are examples of such questions.

(6) Permissions and Utilities. Permissions and utilities are
two vital concepts that relate to accessing devices’ function-
alities and features. Permission refers to a user granting spe-
cific device features, such as the device camera or location
services [65, 66]. These permissions can be granted or denied
by a user and, typically, requested by a mobile application
when needed. Utilities refer to helper functions or modules
that provide common functionalities with an aim to ease
development and make it more effective [67]. In the context

of RN, permission and utilities are closely related in the sense
that some utilities require permission to function properly.
For example, the CameraRoll utility in RN allows an appli-
cation to access a camera roll and display images in the
application, and the utility requires a permission from the
user in order to achieve that. The results revealed that 16,192
questions are related to permissions and utilities. Questions
in this topic asked about a wide set of permissions and utili-
ties, such as “How can I create an image file and ‘Save to
Camera Roll’,” “React Native geolocation permissions call-
back,” and “I’m building an app using the React Native with
the expo in which I need the permission for the image gallery
on android.”

RN-related questions on SO revolve around six topics,
which are as follows, ordered by decreasing frequency: layout
and navigation, components, Android issues, iOS issues,
authentication and authorization, and permissions and
utilities.

5.3. RQ3: What Are the Characteristics of the Identified
Topics, in Terms of Popularity and Difficulty, and How
Are Popularity and Difficulty Related?

5.3.1. Approach. To estimate the popularity and difficulty of
the topics, we adopted a number of proxy measures that were
utilized in previous, related studies [2, 30, 31, 36, 37, 40, 48].

Mainly, we estimated the popularity of a topic by calcu-
lating the average number of views and score counts of its
questions received [2, 30, 36, 37, 40, 50, 59]. The average
number of views can serve as an indicator of the interest of
both unregistered and registered users toward a topic [2].
This is particularly crucial, as it was found that there are
more unregistered users than registered ones on SO [68].
Additionally, the score of a question is computed by adding
the upvotes and downvotes it has received from SO users,
which can serve as an indicator of how appealing the topic is
to registered users on the website [30].

Afterward, to identify the most popular topic, we utilized
the approach of Uddin et al. [37]. Specifically, We normal-
ized the two popularity proxy measures by dividing the value
of each measure by the average of its values across all the six
identified topics. Then, for each topic, we calculated the
average of the two normalized popularity proxy measures
to generate a single measure that was utilized to sort the
topics based on popularity. Particularly, we used the follow-
ing formulas:

ViewNi ¼
Viewi × 6
∑6

j¼1Viewj
ð1Þ

ScoreNi ¼
Scorei × 6
∑6

j¼1 Scorej
ð2Þ

FusedPi ¼
ViewNi þ ScoreNi

2
ð3Þ

where i denotes a specific topic.
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The difficulty of a topic was also estimated by calculating
two proxy measures. Mainly, we calculated the percentage of
questions that did not receive an accepted answer and the
median time elapsed for questions to receive an accepted
answer within each topic [2, 30, 36, 37, 40, 50, 59]. The first
proxy measure was utilized as the lack of an accepted answer
may indicate that the questioner did not find any answer to
be satisfactory and that the questioner is still struggling with
an issue that they require assistance with from SO users
[2, 48]. The second proxy measure was utilized due to the
fact that the success of a crowd-sourced platform, such as SO,
is highly dependable on its users’ capability to provide quick
and satisfactory answers [2, 30, 31, 49]. We note that the
median is typically chosen to be calculated to compensate
for the possibility of skewing of the mean due to long-latency
answers [2, 30, 31, 36, 48].

Similar to the approach followed to assess the popularity
of topics, we have also normalized the two difficulty proxy
measures. Particularly, we divided the value of each measure
by its respective average across all the six identified topics.
Afterward, we calculated a single measure to facilitate the
sorting of topics based on their level of difficulty. This was
achieved by computing the average of the two normalized
difficulty proxy measures, following the approach of Uddin
et al. [37]. Specifically, we used the following formulas:

%W=o acc answerNi ¼
%W=o acc answeri × 6
∑6

j¼1%W=o acc answerj
ð4Þ

Med time  sð ÞNi ¼
Med time  sð Þi × 6
∑6

j¼1Med time  sð Þj ð5Þ

FusedDi ¼
%W=o acc answerNi þMed time  sð ÞNi

2
ð6Þ

where i denotes a specific topic.

Lastly, we expanded the scope of our analysis by exam-
ining the relationships among each popularity and difficulty
proxy measure. Particularly, we utilized the Kendall correla-
tion test to assess the monotonic correlation between the
popularity and difficulty proxy measures [69]. We decided
to utilize the test due to the test tolerance for outliers and the
capability of producing robust results [69, 70].

5.3.2. Results. The obtained statistics on the popularity of
each identified RN-related topic are presented in Table 2,
where column “FusedP” presents the calculated fused popu-
larity measure, column “AVG(views)” presents an average
number of views, and column “AVG(scores)” presents an
average number of scores. As presented in Table 2, the topic
of layout and navigation has the highest FusedP, and hence,
it can be considered the most popular topic. The topic of
Android issues has the second highest FusedP, followed by
iOS issues, components, authentication and authorization,
and permissions and utilities.

The layout and navigation topic can be considered the
most popular identified RN-related topic.

The results of the assessment of topics’ difficulty are pre-
sented in Table 3, where column “FusedD” presents fused
difficulty measure, column “%W/o acc answer” presents per-
centages of questions without an accepted answer, and col-
umn “Med time (s)” presents median time elapsed to receive
an accepted answer in seconds. As the table presents, the topic
of iOS issues has the highest FusedD, followed by Android
issues, permissions and utilities, layout and navigation,
authentication and authorization, and components. Based
on the results, it can be concluded that iOS issues are the
most difficult RN-related topic, followed by Android issues.

The iOS issues topic can be considered the most difficult
topic, followed by Android issues.

Moreover, the examination of the monotonic correlation
between each popularity and difficulty proxy measure using

TABLE 2: Popularity of identified topics.

Topic name FusedP AVG (views) AVG (scores)

Layout and navigation 1.47 557 0.4
Components 0.82 338 0.2
Android issues 1.37 481 0.4
iOS issues 0.97 323 0.3
Authentication and authorization 0.68 242 0.2
Permissions and utilities 0.66 222 0.2

TABLE 3: Difficulty of identified topics.

Topic name FusedD %W/o acc answer Med time (s)

Layout and navigation 0.79 62.1 5,802
Components 0.53 54.3 2,189
Android issues 1.42 70.9 15,815
iOS issues 1.60 72.8 18,860
Authentication and authorization 0.76 65.1 4,845
Permissions and utilities 0.86 67.4 6,363
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the Kendall rank correlation test resulted in p-values less than
0.01 in all cases, indicating statistically significant correla-
tions. As presented in Table 4, though the resulting correla-
tion coefficients are positive, all of the resulting coefficients
are less than 0.2, indicating negligible correlations [71, 72].

There is a negligible positive correlation between the
popularity and difficulty proxy measures.

6. Discussion

The results divulged that interest in RN on SO has been
steadily increasing since its release, with a drop in 2021.
Though the framework was officially released in 2015, dis-
cussions and interest in RN have been present on SO prior to
the framework’s official release and have been continuously
growing since then, with a peak in 2020 and a drop in 2021.
Moreover, the results revealed that RN-related questions on
SO mainly focus on six topics. The presence of some of the
topics was expected due to them being related to common
challenges in mobile application development and software
development in general, such as authentication and authori-
zation [73, 74]. Other topics were also expected to appear in
RN-related questions, such as layout and navigation, as they
are commonly considered to be challenging in mobile appli-
cation development [2, 10, 43]. On the contrary, it was unex-
pected that SO users’ discussions that revolve around RN
include some of the topics, such as components, as the topic
has been thoroughly explained in the official RN documen-
tation that includes various resources, such as examples,
video tutorials, etc. Additionally, the results revealed that
the layout and navigation topic can be considered the most
popular topic and that the topics of iOS issues and Android
issues can be considered the most challenging topics. Finding
that the layout and navigation topic to be considered the
most popular was expected, as layout and navigation is a
core challenge within mobile application development [2]
due to the fact that developers need to account for a wide
range of mobile devices that have varying capabilities and
screen sizes [75]. Moreover, the topic appeared in previous,
related studies that analyzed mobile developers’ discussions
[2, 10, 43]. Furthermore, finding that the topics that are
related to a specific platform (i.e., iOS and Android) to be
the two most challenging topics can be attributed to the
limited official support for RN from these operating systems,
leading to increased challenges in development and longer
resolution times for any issues that arise [76]. Lastly, the
examinations of potential correlations between each popu-
larity and difficulty proxy measures have resulted in very low
correlation coefficients, indicating negligible positive associa-
tions between popularity and difficulty.

7. Implications

SO has continuously demonstrated its utility in gaining
insights into the status of varying subjects within the field
of software engineering [2, 28]. This study identifies and
analyzes RN-related questions acquired from SO, and this
section summarizes how software engineering researchers,
practitioners, educators, and RN contributors may utilize
the findings of this study.

Software engineering researchers may find this study’s
results to be beneficial in guiding their future RN-related
research. As an example, the topics of iOS issues and
Android issues were found to be considered difficult topics,
with the majority of questions lacking an accepted answer,
despite RN efforts to ease the development process through
providing guidelines for each platform in the official docu-
mentation. Researchers may investigate specific iOS and
Android problems that developers are experiencing when
using RN to research and develop new solutions or address
any shortcomings within the existing ones.

Practitioners of software engineering may acquire an
insight into the RN-related topics discussed on SO and the
characteristics of these topics. For instance, the topic of lay-
out and navigation was found to be the most popular topic,
with a relatively high rate of accepted answers. Examining
questions related to the topic may aid practitioners in being
aware of the trends in layout and navigation, and they might
consider leveraging these trends when constructing their
applications. Moreover, having knowledge regarding the
most difficult RN-related topics can aid developers realizing
that these challenges are common and that some of the
challenges have no known solutions. As a result, practi-
tioners can become precautious about them and either avoid
or mitigate such challenges based on other users’ experiences
when confronting similar problems. For instance, practi-
tioners can anticipate facing hurdles related to iOS and
Android, and based on that anticipation, they can attempt
to find solutions for these problems prior to investing
resources, or they can instead seek for other alternatives.

Moreover, software engineering educators can utilize the
results of this study to improve their curricula on mobile
development. The educators may consider including RN in
their teaching, as the study found that interest toward RN is
generally increasing. Educators may also consider focusing
on RN-related topics that SO users are finding troublesome,
such as iOS and Android issues. Incorporating such topics
may aid students in expecting potential problems, under-
standing them, and mitigating or tackling them.

RN contributors may utilize the results of this study to
identify challenges that RN users are facing and asking about,
such as iOS issues. Contributors may find such knowledge
beneficial when they attempt to remove such challenges or
provide guidelines to mitigate these challenges. Furthermore,
as the study found that the users of SO are inquiring about
topics that have been thoroughly explained in RN documen-
tation, such as components, contributors may identify what
is unclear or missing, if any, within the current documenta-
tion to better explain it or add it. They may also leverage SO

TABLE 4: Correlation coefficients of popularity and difficulty proxy
measures.

View Score

%W/o acc 0.2 0.1
Time to acc 0.1 0.1
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to promote the documentation by answering related ques-
tions and direct questioners to the parts of the documenta-
tion that address their questions.

8. Threats to Validity

This section presents potential threats to this study’s validity.
External, construct, and reliability threats and their mitiga-
tion strategies, if applicable, are summarized below.

8.1. External Validity. The external validity of a study refers
to the extent to which the results of the study can be gener-
alized and applied to other contexts [77–79]. This study has
specifically focused on RN-related questions on SO, aiming
to gain a deeper understanding of these questions on the
website. Therefore, the findings of this study cannot be gen-
eralized to RN discussions on other platforms, as there is a
possibility that there exist other RN-related topics discussed
on other platforms. Additionally, though we strove to
include all RN-related questions on SO by utilizing a search
method that leverages both tag-based and content-based fil-
tering, there is still a possibility that we failed to include some
related questions, as users may have used different terms to
reference RN. Therefore, the results of this study are limited
to questions identified using the described search method.

8.2. Construct Validity. Construct validity refers to the extent
to which the measures used in a study accurately measure
what is intended to be measured [77–79]. Two potential
threats to the construct validity of this study are identified.
First, the study measures interest, popularity, and difficulty of
RN-related topics solely through proxy measures. Although
the utilized proxy measures were commonly employed in
previous, related studies [2, 30, 31, 36, 40, 48, 73], the findings
should only be interpreted within the context of these proxy
measures. The second threat to the construct validity of this
study is the usage of statistical measures and tests. We only
utilized common statistical measures, such as percentages and
median; the Cohen’s kappa coefficient to measure inter-rater
agreement; and the Kendall correlation test to examine the rela-
tionship between each popularity and difficulty proxy measure.
These statistical measures and tests are commonly used in the
contexts in that we utilized them in, and the utilization of
the majority of these tests and measures is recommended by
the empirical standards for software engineering research [51, 80].

8.3. Reliability. The reliability of a study refers to the degree to
which the study and its results can be replicated by other
researchers. In other words, future researchers should be
able to reach the same conclusions and findings following
the same methodologies followed in studies [78, 79]. One
potential threat to this study’s reliability is the usage of human
judgment in assigning names to the identified RN-related
topics, which can introduce subjectivity. To mitigate this
threat, we conducted a thematic analysis that involved review-
ing the top-10 keywords, top-50 questions, and a representa-
tive random sample of each topic to ensure the suitability of
the name assigned to each topic. Despite these efforts, we
acknowledge that our naming approach still suffers from sub-
jectivity and that other human-based reviews may result in

different names. However, we note that this subjectivity could
not be avoided, as the LDA only groups questions based on
their cooccurrence appearance frequency without providing
names, and there is no automated approach to name the
resulting topics [2, 28].

9. Conclusion

RN is an open-source framework that allows developers to
build native mobile applications for different platforms using
a single codebase. The framework has been widely used by
developers to create high-performing cross-platform mobile
applications. With an objective of gaining a better under-
standing of the current questions revolving around RN on
SO, this study analyzes SO RN-related questions.

The study involved the collection and analysis of 131,620
SO RN-related questions. The analysis revealed that interest
toward RN on SO has been generally increasing, with a drop
in 2021. Additionally, modeling the identified set of ques-
tions using LDA revealed that RN-related questions revolve
around six topics, which are sorted in decreasing frequency:
layout and navigation, components, Android issues, iOS
issues, authentication and authorization, and permissions
and utilities. Moreover, the utilization of proxy measures
revealed that the identified topics vary in terms of their pop-
ularity and difficulty levels, where the topic of layout and
navigation can be considered the most popular topic and
topics that are related to a specific platform (i.e., iOS
and Android) can be considered the most difficult topics.

This study provides an insight into the stance of RN-
related questions on SO. The study highlights and charac-
terizes topics that the website’s users discussed in the context
of RN. Software engineering practitioners, researchers, edu-
cators, and RN contributors can utilize this study as a guide
to focus their future RN-related efforts.
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