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Abstract- Progressive Web Apps (PWA) are a new web development paradigm that is being used in a variety of
web apps. With this new paradigm, web apps can provide features similar to native apps, blurring the line
between websites and native apps. However, new challenges may arise during the development of PWAs.
Understanding the issues that developers may encounter while developing PWAs is necessary due to their
widespread interest. These issues have not yet been extensively identified and analyzed in the existing research.
Therefore, this research aims to fill this knowledge gap by conducting an empirical study of PWA-related
questions on Stack Overflow (SO), a well-known website for developers. Our process involves obtaining a list
of PWA tags and extracting 8,654 questions related to PWAs from SO. To comprehend the issues being
discussed by PWA developers on SO, we use topic modeling. After that, we analyze their characteristics (such
as the challenges’ popularity and difficulty). Our research shows that developers encounter eleven challenges,
including the Service Worker lifecycle. Our study deepens our understanding of PWA development issues and
provides recommendations for researchers, educators, and developers to promote PWA adoption.

Keywords- Progressive Web Application; Empirical Study, PWA development challenge, LDA topic modeling,
Stack Overflow.

stories along with their technical improvements [4].

I. INTRODUCTION . A
PWAs enhance user experience, reliability, and

Progressive Web Applications (PWA) represent a novel performance, but their development may pose challenges
approach to web app development. PWAs are regular for developers. In fact, because it takes time to become
websites that have extra features, like the ability to work acquainted with a new technology, it may naturally offer
offline. When compared to traditional web apps, the new hardships to developers in its early stages. PWAS use
benefits of PWAs are evident: they can be launched from new HTML5 and JavaScript features such as Service
the device’s home screen (like native apps), they load Workers (SW) [5]; consequently, their development
immediately regardless of network connectivity, and they challenges may differ from those of traditional web apps
support push notifications [1]. PWAs are another example [6]. From this point of view, it is interesting to look at the
of cross-platform development [2], [3]. Many businesses problems developers face when making PWAs. Prior
have done well with PWAs and have shared their success research [7]-[9] examined the security and privacy
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concerns associated with PWAs. They also investigated
the energy efficiency of PWAs on mobile devices [2], [3],
[10], [11]. However, an in-depth analysis of the challenges
encountered when developing PWAs is lacking.

Stack Overflow (SO) is a popular question-and-answer
community for developers where developers frequently
post questions about their problems in order to receive
assistance from community experts. SO now has over 100
million monthly visitors, 21 million registered users, and
over 23 million questions to discuss technical issues in
software development [12]. As a result, it is anticipated
that the topics discussed on SO will reflect the various
challenges faced by the development community. In many
fields, such as Mobile apps [13] and Big data [14], it has
been a common practice for researchers to comprehend the
interests and difficulties of developers through SO
questions.

None, however, looked at the difficulties in developing
PWAs. This study fills in a gap in the literature by looking
into the questions that developers on SO have asked about
PWAs. In other words, our study collects and analyzes SO
questions pertaining to PWAs in order to comprehend the
potential issues and challenges that developers may face
when developing PWAs. From now on, the term “topic”
refers to the challenges, issues, or difficulties that
developers confront and discuss on SO. In short, the
following research questions were the object of our study:

e RQ1: PWA challenges. What PWA topics are
developers asking about? This RQ aims to find
specific problems that developers face when
developing PWAs by looking at the topics and
issues that developers talk about.

e RQ2: Popularity level. How popular are PWA
challenges for developers? This RQ aims to
identify the PWA issues that developers are most
likely to encounter.

e RQa3: Difficulty level. How difficult are PWA
challenges for developers? This RQ seeks to
determine which PWA development challenges
are the most difficult.

We take the following actions to respond to our RQs:
We extract 8,654 SO questions related to PWAs by
developing a set of tags related to PWAs based on
heuristic metrics employed in related research [15]-[17].
Latent Dirichlet Allocation (LDA) [18] is a topic modeling
method that we use to answer PWA questions. As a
consequence, we identify problems with PWAs that
developers encounter. In order to measure the popularity
and difficulty of these topics, we employ well-known
metrics that have been proposed and utilized in prior
research [13], [14], [19].
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Our research yielded the following results: (1) PWA
challenges. We discovered that PWA developers inquire
about 11 topics (for example, SW Lifecycle). (2)
Popularity level. PWA issues (such as SW Lifecycle) are
among the most popular topics. (3) Difficulty level. Some
PWA issues, such as Installation, are among the most
difficult topics. In addition to the identified PWA topics in
SO, the evolution of PWA topics in SO is discussed. In
addition, we compare the popularity and difficulty of PWA
topics to other mature software engineering domains. Our
findings indicate that the PWA community requires
additional effort to attain the same level of maturity as
comparable software engineering fields.

We believe that as PWAs become more popular, their
difficulties will intensify. We anticipate that this research
will yield insights that will help mitigate these issues in the
future. This study’s findings benefit developers, educators,
and researchers by informing them of the current state of
PWA development issues in practice. In other words, this
study can help web developers prepare for similar
challenges and enable educators and researchers to provide
more targeted assistance to PWA developers.

Our research specifically
contributions:

leads to the following

e We perform an empirical study on SO to
investigate PWA-related questions. To the best of
our knowledge, this is the first study to look at
PWA question characteristics on SO. We list 11
issues with PWA development. We conduct a
series of analyses on the extracted challenges,
such as the popular and difficult topics, to
illustrate the growth and trends of PWA
developer discussions.

e Based on our findings, we present actionable
implications for researchers, educators, and
developers to help them better select when and
where to focus their efforts on learning or
building PWAs.

The rest of this paper is structured as follows: Section 2
provides fundamental PWA concepts. Section 3 discusses
the work that is related to our study. The fourth section
explains our methodology. Section 5 contains the results
of our empirical investigation. The sixth and seventh
sections discuss our results and their implications,
respectively. Section 8 finishes with a summary of our
work and future research.

Il. BACKGROUND

PWAs are a new approach to web app development that
was initially announced in 2015 [20]. In fact, PWAs are a
new way of thinking about the web that builds on standard
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web tools like HTML5, CSS3, and JavaScript. In addition
to a website, PWAs provide an extended set of features
that facilitate a native user experience for web apps. A
PWA differs from a standard website in that it is available
offline, has an installation procedure, push notifications [1]
and background sync [21]. As PWAs are enhanced
websites, they can be executed on mobile devices and
desktop computers, regardless of platform. The PWA is
therefore seen as a cross-platform development technique
[2], [3]. The web manifest file [22] and SW [5]
implementations serve as the foundation for the majority
of the PWASs’ enhanced functionalities.

A SW is a piece of JavaScript code that runs
concurrently with the main page, enabling persistent
background processing, and interacts with the rest of the
PWA in an event-driven manner. When a PWA is viewed
for the first time, the SW is loaded and installed in the
background.

The PWA’s network calls can be intercepted by a SW,
which can then use caching to make the app available
offline. For instance, as depicted in Figure 1, a SW can
either load resources from the cache [23] or acquire them
via the network based on network conditions. These
programmable interfaces significantly enhance both online
and offline web browsing experiences. Additionally,
installed PWA can manage push notifications.

Service Worker

Network
PWA
Request

"Wco&’ WWWwW

</>

Response

Retrieves Response I Stores Request

Cache

Fig. 1: An illustration of SW as a proxy

PWAs have proven to be beneficial to many enterprises
[4]. For instance, Tinder’s new PWA reduced load times
from 11.91 seconds to 4.69 seconds [24]. In addition to a
44% increase in user-generated ad revenue, Pinterest’s
new PWA has led to a 40% increase in time spent on the
site [25]. With their new PWA, Twitter saw a 65%
increase in the number of pages per session and a 75%
increase in the number of Tweets [26].

As we can see, PWAs, as a new technology, involve
several new concepts, such as SW, which may cause
developers difficulty while developing PWAs. PWAS have
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received a lot of attention; however, these development
issues have not yet been taken into account. By focusing
on PWA developers’ questions on SO, we seek to present
a systematic analysis of the difficulties in developing
PWAs in this study.

The research relevant to our work is comprised of
PWA-related studies and studies that use data from Stack
Overflow to comprehend the interests and challenges of
developers.

RELATED WORK

A. Progressive web app studies

The studies on PWAs by Birn-Hansen et al. [27] and
Majchrzak et al. [28] have concentrated on how PWAs can
serve as a technically viable alternative to standard web
and native apps. They focused on PWASs with multiple
platform support, an improved user experience, and better
maintenance.

The energy usage of PWASs on mobile devices has been
the subject of numerous studies. An empirical study
evaluating the effect of SWs and caching status on the
energy usage of PWAs has been published by Malavolta et
al. [10], [11]. Their research did not yield enough
statistical proof to support the possibility that caching or
SWs may affect PWAs’ energy efficiency. Furthermore,
Huber et al. [2], [3], compared the energy efficiency of
PWAs to other mobile development methodologies based
on interaction scenarios with user interface rendering.
According to their research, PWAs are a viable alternative
to other cross-platform development strategies in terms of
energy efficiency.

There are several studies that target the security of
PWAS. Lee et al. [7] are the first to propose novel attacks
on the Cache and Push notification APIs in PWAs.
Chinprutthiwong et al. [8] also discovered a new XSS
vulnerability, which allows web attackers to compromise a
benign SW during the SW registration process. Elsewhere,
Chinprutthiwong et al. [9] have examined how the
IndexedDB [29] and Push notification API can be used by
XSS attackers to leverage a benign SW. test

To the best of our knowledge, our study can be
considered a step further with respect to the research
related to PWAs by studying PWA development
challenges. In fact, the popularity of PWAs in academia
and business has prompted us to carefully analyze the
problems and difficulties PWA developers face when
implementing PWA:s.

Fauzan et al. [6] conducted a comprehensive
examination of PWAs with the objective of building a
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thorough understanding through existing research. They
searched for and organized literature on PWAs for their
study. While Fauzan's paper offers a broad review,
categorizing existing literature into thematic groups such
as security, ours uniquely focuses solely on the
development challenges of PWAs. We diverge by
zooming in on the specific hurdles encountered during
PWA development.

B. Studies using Stack Overflow

SO has a lot of questions and answers that cover many
different parts of software development. Many empirical
studies have been conducted using SO data.

Yang et al. [30] investigated the challenges that
developers have encountered when utilizing Git
commands. They conducted a study based on questions
about Git commands on SO. Their research uncovered the
most popular and difficult Git commands. Abdellatif et al.
[31] investigated the difficulties of creating Chatbots.
They gathered questions from Chatbot developers on SO
for their study. Then, they utilized the LDA model [18] to
extract topics and challenges from the questions. They
highlighted the most difficult and popular Chatbot
development challenges.

Chakraborty et al. [16] used the LDA method on SO’s
questions about Swift, Go, and Rust, which are all new
programming languages. They revealed the challenges
encountered by developers working with these languages.
Han et al. [32] used LDA to conduct a study on SO to
identify the topics discussed among developers concerning
three deep Learning frameworks (Tensorflow, PyTorch,
and Theano). Kamienski and Bezemer [33] analyzed
question-and-answer websites geared toward game
development, such as questions about game development
from SO. Using LDA, they classified the game
development topics discussed. Uddin et al. [19] used LDA
to analyze loT-related discussions on SO to identify 10T
topics and provide insights into their popularity and
difficulty. Similarly, research has been conducted in the
following areas of software engineering: mobile apps [13],
big data [14], security [34], and concurrency [17].

More specifically, Scoccia et al. [15] explored the
difficulties that developers face while implementing
desktop web apps. In addition, Bajaj et al. [35]
investigated the typical challenges encountered by web
developers. However, previous research has not looked
into PWA-related questions on SO. We believe that by
analyzing PWA-related questions, our study complements
previous work in SO.
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IV. METHODOLOGY

This study’s primary objective is to discover the most
popular and difficult PWA issues or challenges that
developers have been discussing. In this section, we will
describe in detail the steps taken in accordance with
previous studies [13], [14], [31] to attain this study’s
primary objectives.

Figure 2 illustrates the study’s methodology. Our
methodology consists of (1) Data collection, which
extracts SO questions related to PWAs based on the
identification of PWA-related tags; (2) Data preprocessing,
which preprocesses the SO questions; (3) PWA topic
identification, which uses LDA to identify the issues
related to PWA development; and (4) Topic analysis,
which analyzes identified issues to determine their
popularity and difficulty. The steps that comprise our
methodology are detailed in the subsections that follow.

1

Data preprocessing
+ Relevant tag identification
* Relevant question extraction

2

A4

Data preprocessing

*  Removing code snippets, URLs and irrelevant
HTML tags

* Removing stop words

* Lemmatization

a ‘

Topic Identification
s Applying topic modeling
+ Determining the title of topics

4] v

Topic Analysis
*  Calculating popularity and difficulty criteria
for topics

RQ2
RQ3

&

Fig. 2: An overview of the methodology.

A. Data Collection

We turn to studying the developers’ questions on SO to
achieve our goals because of its rich dataset and
application in relevant investigations in other disciplines.
One method to access SO data is via the Stack Exchange
APIY, which allows programmatic access to all Stack
Exchange websites, including SO. The API, for example,
allows users to obtain questions, answers, comments, and

! https://api.stackexchange.com/
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badges from SO. SO does not have any fine-grained topic
information about PWAs. Therefore, we must first identify
the SO questions that pertain to PWAs. In this section, we
will explain how we discovered the tags related to PWAs
in order to extract PWA-related questions from SO.

B. Relevant tag identification

We use the methodology from earlier work [15]-[17] to
find the most pertinent PWA-related tags. The objective of
this technique is to choose tags that are pertinent to PWAs
while minimizing dataset noise. The following is the
detailed procedure:

Since this study is primarily concerned with PWA (also
known as “progressive web apps” or “pwa”), we use Ti =
{“progressive-web-apps”, “pwa”} as our initial tag set. It
is worth noting that all SO questions are designated as
Qso. Then, we retrieve all questions from SO whose tags
match at least one tag from T; (these questions are denoted
as Qi). We do not add any additional tags in this first phase
to avoid generating noise, as this will detect other PWA-
related tags. Second, we extract all candidate tags that
coexist with the T tags in the Q; questions (denoted by T¢).
Following that, we employ two heuristic measures to

generate a larger set of PWA-related tags.

The first metric is the Tag Relevance Threshold (TRT),
which measures the relevance of a tag to PWA-tagged
questions. This measure investigates how many of a tag’s
questions are about PWA compared to how many
questions are for that tag as a whole. In particular, the TRT
is calculated using:

# of questions with tag t in Q;
TRT = fq g Qi

o))

We can delete irrelevant tags from our set by utilizing
the TRT. Additionally, we employ a second metric called
the Tag Significance Threshold (TST), which assesses the
prominence of a particular tag in PWA-tagged questions.
This metric is calculated by comparing the total number of
PWA questions for a given tag to the total number of PWA
questions obtained using T;. TST is measured specifically
using:

#of questions with tag t in Qso

# of questions with tag tin Q;

TST = 2

If a tag’s TRT and TST are both above a certain
threshold, we think it is important and related to the PWA
questions. We experimented with various TRT and TST
values and discovered that TRT = 0.001 and TST = 0.1
produce a highly meaningful collection of tags. It is crucial
to note that our thresholds are consistent with prior
research that employed the same approach [14], [16], [17],
[19]. Finally, we use the chosen TRT and TST criteria to
identify our tag set, which includes {"progressive-web-

# of questions in Q;
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apps”, "pwa", "service-worker", "workbox", "angular-

service-worker”,  "angular-pwa", "workbox-webpack-
plugin®, "service-worker-events", "sw-precache",
"background-sync", "next-pwa”, "pwabuilder",
"peforeinstallprompt”, "sw-toolbox", "push-api”,
"cacheapi”, "web-manifest", "web-app-manifest”,
"cachestorage”, "web-share", "a2hs", "service-worker-
config", "vue-pwa"}.

C. Relevant question extraction

We use the PWA-related tag set we obtained to extract
the questions that will comprise our PWA dataset
throughout this research. We get this information by
querying all questions on SO that use one of the tags in our
tag set; this is done via the Stack Exchange API. This
procedure resulted in a dataset including 8,654 PWA
questions and their associated metadata. Our dataset was
compiled in April 2023, and it contains questions until
January 2023.

We collected both the question’s textual content
(including its title and body) and its metadata (including its
identifier, creation date, view count, score, and accepted
answer identifier). It is important to remember that despite
the fact that a question may receive multiple responses, the
person who posed the question is the only person who can
label a response as accepted, provided it satisfactorily
resolves the original questioner’s question. As a result,
depending on the questioner, questions may or may not
have an accepted answer.

D. Data Preprocessing

Before we use the topic modeling technique, we remove
information that is not important. In our analysis, we
concentrate on the title and content of the questions. If an
accepted answer body exists for a question, we
additionally consider it.

Many questions contain source code (marked by the
<code></code> tag). Our study does not require source
code fragments; thus, they were eliminated. Also, the
HTML tags (e.g., <p> or <a>) and URLs were removed as
they are irrelevant to our analysis and may add
unnecessary data. Then, we perform stopword removal
using the NLTK stopword corpus [36]. That is the process
of deleting words often used in English, such as ‘is’, ‘of’,
and ‘at’, which do not significantly change the semantics
of a sentence but might potentially generate noise and
impede the process of differentiating between topics. In
addition, we lemmatize the terms in order to map them to
their root (for example, “development” is mapped to
“develop”). Following these procedures, we have a
preprocessed dataset that can be directly fed into the topic
modeling method.
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E. Topic Identification

We describe step 3 of our methodology for RQ1, which
is depicted in Figure 2, in this subsection. To identify the
subjects that PWA developers discuss on SO, we employ
the LDA modeling technique [18], which has been
extensively utilized in software engineering studies [13],
[14], [37]. Based on the word frequencies and co-
occurrences in the questions, LDA categorizes the
questions in our dataset into a set of categories. The
probability that a question will be related to a certain topic
is indicated by a set of probabilities that LDA assigns to
each question (one for each topic). The topic of a
question—or, more precisely, the topic that dominates the
question—is the one that has the highest probability for
that particular question. In our methodology, we employ
the MALLET LDA implementation [38].

The number of topics must be specified as an input
parameter to LDA. We use topic coherence to estimate the
number of topics. One of the metrics often used to quantify
the quality of extracted topics is topic coherence [39],
which has been proven to be substantially linked with
human understandability [40]. We conducted experiments
with a number of topics to identify the one with the highest
coherence score. In fact, we experiment with a varying
number of topics, ranging from 5 to 25e in increments of
1, and compute the coherence metric across all output
topics. Then, we choose the final number of topics by
choosing the candidate value that has the best coherence
score. We define the number of topics as 11 based on this
technique.

The LDA does not produce meaningful names for the
topics it creates; instead, it produces a list of keywords for
each topic. For the purposes of our analysis, we must be
able to understand the logic that links the LDA algorithm’s
found questions in each topic and describe it using a
descriptive term. Topic titles are assigned based on a list of
the top words most frequently occurring in each topic, as
well as manually inspecting the ten most relevant
questions for a topic (i.e., the ones with the highest
probability of belonging to the topic), as well as a
randomly selected sample of ten questions for a topic. In
this way, we can better understand the shared rationale
behind the topic’s questions and gain new insights.

F. Topic Analysis

In this phase, we leverage metrics from previous work
[13], [14], [19] to assess the popularity of PWA topics,
i.e., RQ2. The first metric is the average number of views
on the topic’s questions. Since there are many more
visitors than registered users on SO, views from both
registered users and non-users are important. The second
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metric is the average score on questions pertaining to the
topic. A PWA with a greater number of views and a higher
score is, intuitively, more popular. Overall, these
measurements show how interested the community is by
telling us how often a certain question comes up. In other
words, the assumption is that if a topic is extremely
popular, then the issue is widespread among developers.
We compute these metrics based on the associated
attributes of the questions, namely the number of views
and the score.

We initially compute the two popularity metrics for the
topics in order to determine the popularity of topics similar
to [19]. The topic’s metric value is then normalized by
dividing it by the sum of the metric values for all the
topics. We finally average the two normalized metrics to
determine the topic's popularity.

In addition, we use two metrics from earlier work [13],
[14], [34] to assess the difficulty of PWA topics, namely
RQ3. We calculate the percentage of questions with no
accepted answers for each PWA topic. The topics with
fewer accepted answers are regarded as more difficult. In
addition, the median time in hours for questions to receive
an accepted answer is measured. This metric takes into
account the time the acceptable answer was created, rather
than the time it was tagged as accepted. A question
becomes harder the longer it takes to acquire an accepted
answer and be correctly answered. We applied the same
method used to determine topic popularity with its two
metrics to determine the topic’s difficulty.

V. RESULTS

We list the answers to our three research questions in
this section.

A. RQ1: PWA Challenges

Table 1 displays the 11 resulting topics, as well as the
top keywords generated automatically by the LDA
algorithm. It also displays the percentage of questions that
fall under each topic. As shown in the table, developers
inquire about various aspects of PWA development, and
the percentage of questions varies by topic. Using
examples selected from the SO, we will now elaborate on
the emergent topics in greater depth.

1. Debugging and Testing. This topic comprises 8.76%
of the questions in our dataset. These questions are about
solving issues with debugging and testing PWAs. An issue
description in the SO question with id “34160509” is: “I
want to test service workers but | have a virtual host setup
and | can't seem to be able to enable https on localhost.”
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TABLE 1: PWA DEVELOPMENT TOPICS DISCUSSED ON SO

"I\'I(())[.)ic Topic name Keywords % Questions
1 Debugging and Testing debug, devtool, test, localhost, fail, site, access, issue, console, error, chrome, firefox, 8.76
2 Serving Requests request, response, fetch, match, intercept, network, return, url, post, cache, offline, online 9.43
3 Updating update, version, refresh, reload, change, browser, time, cache, check, load, force 5.62
4 SW Lifecycle serviceworker, event, trigger, register, sw, handler, listener, install, activate, console 9.07
5 Frameworks gr&igllélya\;,l(:]rlg;sbv(\)/;(build, project, file, config, ionic, module, command, cli, react, create, 1451
6 Push Notification push, notification, message, receive, send, client, server, subscribe, permission, endpoint 7.77
7 Manifest File file, manifest, json, scope, url, root, html, folder, path, start_url, register 5.59
8 Cross-platform Development | safari, ios, android, open, support, add, window, redirect, login, native, feature, desktop 17.58
9 Background Sync background, sync, time, browser, connection, request, open, queue, task, start, close, send 2.47
10 Offline Data data, store, cache, indexeddb, save, access, localstorage, offline, file, image, load, asset 12.12
11 Installation install, add, icon, chrome, screen, android, prompt, homescreen, browser, button 7.08

2. Serving Requests. The SW receives all PWA
requests, including HTTP headers and URLs, and then
leaves it up to the developer to decide how to handle them.
The developer has the option of sending a request to the
network, responding with a previously cached response, or
creating a new response. Various questions may arise for
developers during the procedure described above,
accounting for 9.43% of the questions in our dataset. “I
want to intercept the response to a given fetch request
before that response is passed back to the page,” says an
issue description in the SO query with id “68642309.”

3. Updating. 5.62% of the questions fall under this
topic, which is related to difficulties updating PWAs. After
PWA is published, some consumers utilize it in their
browsers, while others install it on their devices. It is
critical to follow recommended practices when updating
PWA to avoid issues. In reality, there are numerous
processes involved in updating PWAs, including updating
PWA data, assets that are already cached on devices, the
SW file and its dependencies, or manifest information.
Following recommended standards for updating presents
difficulties for developers. The issue description in the SO
question with id “51748241” is as follows: “How can we
refresh the client if service worker file is being updated on
the server and client is not being reloaded?”

4. SW Lifecycle. The way in which SWs are installed is
determined by their lifecycles, which is a different process
from the installation of PWAs. SW registration begins the
lifecycle. After that, the install event is triggered. The
installation of the SW occurs in the background and does
not require permission from the user. The SW does not yet
have control of the PWA after the installation is complete.
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The activation event will occur when the SW is prepared
to take control of the PWA. Despite this, there is no
guarantee that the page that was used to register the SW
will remain handled. By default, the SW will not take over
until the user reloads the website or reopens the PWA and
accesses the same page. Questions regarding these steps
account for 9.07% of all questions posed to developers.
The following is an excerpt from question with id
“40902060” from SO: “I have attached install event to
service worker. But Install event fired before register event
is completed”

5. Frameworks.  When creating PWAs and
conventional websites, developers have comparable
possibilities. To create a PWA, web frameworks such as
Angular or React are commonly used. The questions in
this category are about constructing PWAs with various
development frameworks, specifically about special
configurations and features in those frameworks. For
instance, a developer posed a question with the id
“50330155” and the title “Angular Cli not generating
angular-cli.json” on SO. This group is the second largest in
our study, accounting for 14.51% of the questions in our
dataset. This demonstrates that developers rely largely on
frameworks while creating PWAs.

6. Push Notification. This topic consists of 7.77% of
the questions. Push notifications are used to deliver
content from the server to the PWAs. SWs are responsible
for their operations. Developers must first obtain
permission to send Push notifications. Following that,
developers must subscribe to a server that will return the
data to the PWA. Developers enable the SW in PWA to
receive data from the server, display it to users via
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notifications, and handle user events associated with
notifications. In the process mentioned above, various
questions may be facing developers. An example of a
question under this topic is a question with id “51881973”,
which is “I need to show a push notification once a week,
even when the user is not on the page.”

7. Manifest File. The web manifest file is a JSON file
that contains information about a PWA. It is required for
the PWA to be downloaded and shown to the user,
similarly to a native app. A typical manifest file contains
the name of the PWA, the icons that the PWA should use,
and the URL that should be opened when the PWA is
launched. In our dataset, the Manifest File topic is
discussed in 5.59% of questions, which indicates
developers have various questions about this file. For
example, a developer expressing their problem in a
question with the id “45412014”, and the title “How do I
set the start_url of a manifest.json to be the root of the
site?”.

8. Cross-platform Development. PWAs are available
for Android, iOS, and Windows using the same codebase.
Moreover, PWAs have enabled features previously only
found in natively developed apps, such as installability,
offline availability, and push notifications. Therefore,
PWAs can be considered a cross-platform development
approach. This poses questions for developers, as 17.58%
of the questions fall into this topic in our dataset (the
largest topic). An instance of this topic is “Given a
business use case that needs to delivered to its users via
mobile, what questions do we need to ask of a use case to
help understand if the use case is a better candidate for
Native, Hybrid or PWA?” in question with id “58160072”.

9. Background Sync. The background sync enables
PWAs to postpone server synchronization tasks to their
SW for later handling while the PWA is offline. In other
words, it can be used to send requests in the background if
they cannot be sent while the PWA is running. Thus, the
background sync enables users to continue using PWAs
and performing actions offline. Background Sync is the
topic of 2.47% of the questions in our dataset. An issue
description in the SO question with id “64303059” is: “Is
there anyway to know service worker has finished all
background - sync?”.

10.Offline Data. Storage management is required for the
PWA to create a solid offline experience. IndexedDB and
Cache are useful tools in this regard. Developers need to
know how to use these tools to handle offline data, so they
have a lot of questions. For instance, a developer may post
a question with the id “34416537” and the topic “Not able
to access indexeddb from service worker” to explain the
issue they're having. This is the third largest topic,
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accounting for more than 12% of the total.

11.Installation. This topic accounts for 7.08% of the
questions. Installation capability is a feature that enables a
user to install a PWA, which is then added as a shortcut to
their home screen, allowing them to access it with a single
tap. Developers must meet installing criteria and
effectively handle installing events from browsers to
provide users with an in-app install experience. The
following is a sample question pertaining to the installing
process; the question id is “72791417”, and the issue is: “I
want to achive feature for install/open button with PWA
application”.

B. RQ2: Popularity level

Table 2 displays the popularity of the PWA topics as
well as the average number of views and scores earned by
developers on SO. SW Lifecycle, Debugging and Testing,
Installation, and Updating are the most popular PWA
topics on SO. Table 2 demonstrates that the most viewed
topics by PWA developers are related to the topic SW
Lifecycle. The topic Debugging and Testing contains the
questions with the highest scores. The high popularity of
SW Lifecycle, Debugging and Testing can be attributed to
the fundamental nature of these topics; i.e., any newcomer
will seek out these questions before creating their first
PWA. Table 2 demonstrates that Offline Data, Serving
Requests, and Background Sync are less popular than
other topics.

C. RQa3: Difficulty level

Table 2 displays the difficulty of the PWA topics as
well as the percentage of questions with no accepted
answers ("% w/o acc.") and the median time to get an
accepted answer (“Hrs to acc."). The most difficult topics
include Installation, Debugging and Testing, and
Frameworks. On the other hand, questions concerning the
SW Lifecycle and Background Sync are typically simpler
for developers to answer.

VI1. DISCUSSION

The correlations between topic popularity and difficulty,
the evolution of PWA topics, and a comparison of PWA
topics to other established software engineering fields are
covered in this section.

A. Popularity and difficulty correlation

Table 3 shows that the topic SW Lifecycle is more
popular and less difficult. An observation like this could
lead to the conclusion that there are links between the
popularity and difficulty of PWA topics. To investigate
this, we compute four correlations between our PWA
topics’ popularity and difficulty metrics. We used the
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TABLE 2: THE DIFFICULTY AND POPULARITY OF PWA TOPICS.

Topic No.  Topic name Avg. View  Avg. Score  Popularity % w/oacc. Hrstoacc. Difficulaty
1 Debugging and Testing 2358.78 3.51 1.18 0.66 22.95 1.25
2 Serving Requests 1563.07 2.06 0.73 0.60 10.87 0.82
3 Updating 2377.68 3.18 1.12 0.59 11.63 0.84
4 SW Lifecycle 4022.64 3.36 1.52 0.59 8.85 0.75
5 Frameworks 1775.87 2.29 0.82 0.66 21.93 122
6 Push Notification 2509.06 2.82 1.08 0.72 13.80 1.01
7 Manifest File 2681.80 2.50 1.06 0.59 15.19 0.95
8 Cross-platform Development  1716.93 2.69 0.88 0.71 16.05 1.07
9 Background Sync 1316.63 2.39 0.74 0.59 8.16 0.72
10 Offline Data 1417.59 2.15 0.71 0.63 16.81 1.03
11 Installation 2723.17 297 1.16 0.69 24.68 1.33
Average 2223.93 2.72 1.00 0.64 15.54 1.00
Max 4022.64 351 1.52 0.72 24.68 1.33
Min 1316.63 2.06 0.71 0.59 8.16 0.72

Spearman Rank Correlation Coefficient [41] because it
doesn’t assume that the data are spread out evenly. Table 3
displays the results in x/y format, where x represents the
coefficient and y represents the p-value. Table 3 shows
that no corelation between popularity and difficulty is
statistically significant (all p-values are greater than 0.05).
In other words, difficult topics are not always popular
among developers, and vice versa.

B. The evolution of the PWA topics

We calculate the number of questions about PWA topics
per year to assess the evolution of PWA issues. Figure 3
shows that all PWA topics have been discussed over the
years, and none of them have ever stopped. This indicates
that developers are interested in learning more about the
numerous PWA development activities represented by the
various topics. However, questions regarding Cross-
platform Development, Frameworks, and Offline Data
have remained the most common over time. This is
consistent with real-world observations, as one of the
primary advantages of PWAs is their offline accessibility
and the ability to develop an app with a singular codebase
while still being able to use it on multiple platforms. Even
though these topics were popular at first, they are not as
popular as they used to be. On the other side, discussions
on Debugging and Testing have become more significant
recently.
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TABLE 3: CORRELATIONS OF POPULARITY AND DIFFICULTY OF PWA

TOPICS.
. Popularity
coefficient/p-value -
View Score
% w/o acc. | 0.01/0.97 | 0.05/0.89
Difficul
ey S toace, | 0.15/0.65 | 0.14/0.69

C. PWA Compared to Other SE Fields

Discussions regarding PWA only began in 2015. We set
out to study how the PWA domain relates to other
software engineering domains as a new and emerging
field. To accomplish this, we examine the metrics reported
in the papers that have been investigated similarly in the
past. We evaluate PWA metrics (such as difficulty and
popularity) in relation to those of other domains: chatbots
[31], 10T [19], mobile apps [13], big data [14], security
[34] and concurrency [17]. Table 4 displays metrics
associated with domain popularity: (1) The total number of
guestions examined in the study; (2) the average number
of views; and (3) the average score. Additionally, the table
displays two metrics related to topic difficulty: (1)
Percentage of questions without accepted answers; (2)
Median number of hours per topic to accept an answer

From the number of analyzed questions, there is a
greater number of PWA questions than Chatbot questions
(8.6K vs. 3.8K) but it is less than that of the other domains
(Big data 125K, Security 94K, and Mobile 1.6M). These
numbers show that the PWA is an emerging paradigm.
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With regard to the other popularity metrics, PWA-
related topics have average views and scores comparable
to mobile and security, and to security and concurrency,
respectively. This observation can be explained by the fact
that PWA is a relatively new field compared to mobile and
security. In fact, it could imply that PWAs are crucial from
the standpoint of developers.

With respect to the difficulty metrics, PWA shows
values similar to 10T, Big data and Chatbot for one metric
(% w/o accepted answer). However, PWA has the highest
median time (in hours) to get an accepted answer (15.5 for
PWA, 14.8 for Chatbot, and 3.3 for Big data). It implies
that questions related to PWA need longer time to receive
an accepted answer. In other words, it is more challenging
to answer questions related to PWA than other fields. This
corroborates with the emerging nature of the PWA topic
and indicates that much needs to be done to put the PWA
development community on pair with other mature fields,
such as Security, Concurrency, Mobile with median time
less than one hour.

VII. IMPLICATIONS

The results of our study can assist managers, educators,
researchers, and developers in choosing more effectively

where to concentrate their efforts. In this section, we
discuss the implications of our study’s results for
enhancing the practice and education of PWAs. To better
show how popular and hard the PWA topics are, we follow
previous work [15], [19], [31] and show in Figure 4 a
bubble plot that places the topics based on their average
score, which shows how popular they are, and the median
number of hours it takes to get an accepted answer, which
shows how difficult they are. The size of the bubble
indicates the total number of questions associated with a
specific topic.

Our research shows that PWA developers discuss
concepts like SW Lifecycle, Offline Data, and Installation,
which set PWA development apart from traditional web
app development. Furthermore, we notice that the topics
cover a variety of components and stages of PWA
development (for example, Updating, Debugging, and
Testing). This demonstrates that developers are
confronting a variety of issues and are looking for
information on various stages of the PWA development
process.
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Frameworks
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Fig. 3: The evolution of the number of questions by topic overtime.

74



Journal of Soft Computing and Information Technology (JSCIT) ...........ccccviuivaveennnnn.... Vol. 13, No. 1, Spring 2024

@uggm and Tes
344 @ifecyc\e
3.2 atmg

3.0 Installation

Ing
o
L

Popularity

platform Development

wmks
T T
225

25.0

N
o
|

~
=

4 ckground Sync

e Data
@ing Requests
} T
10.0 12

T
5 15.0 17.5 20.0
Difficulty

Ind
[

g

o
o
n

Fig. 4: PWA topics’ popularity vs. difficulty

Given the popularity of PWAs on SO, it is obvious that
developers need to become more knowledgeable and
skilled in creating PWAs. Those with experience in PWASs
are well represented in the pool of available software
development talent. It has been shown that it is hard to get
used to a new field [42]. Developers have the ability to
educate themselves on the frequent problems that others
have encountered, allowing them to learn about the best
practices used by their peers. The results of our research
can be used by developers as a checklist for improving
their proficiency in PWA in a more directed manner. We
have also guessed how long it will take for someone to
answer a question and how often they will answer. Since
the response time is so long, it is recommended that new
PWA developers learn the basics of PWA development in
order to increase their chances of finding and fixing their
own problems.

We discovered that different PWA topics have varying
degrees of difficulty. Some are rare, and others are popular.
Knowing this, instructional efforts in these difficult areas
can be prioritized. According to Fig. 4, a developer
interested in PWA may choose to make a tradeoff between
the popularity and difficulty of PWA topics by beginning
their learning with the more popular and less difficult SW
Lifecycle topic before moving on to the less popular and
more difficult Frameworks topic.

Our topics can serve as a guide for instructors as they
plan their own courses relating to PWA. The Frameworks

topic has a number of discussions about how to set things
up correctly and what the best practices are. Because of
this, educators can introduce their students to the different
frameworks that are already out there and discuss the best
practices and standards that should be used during the
PWA development process. Additionally, a PWA instructor
may choose to allocate more content and teaching time to
the topic of Debugging and Testing, which is a more
challenging topic than the topic of Background Sync,
which is a simpler topic. It is essential for educators to
conduct hands-on training programs and take a problem-
solving approach while teaching PWAs. This is because
PWA topics tend to be difficult.

The most unexpected finding is that, while academic
research on PWA security is increasing, there is little
discussion on SO about the security implications of PWA.
Therefore, developers should put more effort into making
their PWASs secure in order to reduce the likelihood of
security problems.

Our research serves as either a starting point or a point of
comparison for future research. In other words, we
comprehend the PWA development challenges by utilizing
SO questions. Using additional data sources, such as
Github, PWA researchers could investigate the
development challenges of PWAs in greater depth. Then,
they could compare their results to ours to see if there are
any big changes between the two sets. In addition,
researchers can investigate PWA learning approaches by
surveying developers from both academia and industry to
determine how developers learn to develop PWAs, such as
through instructional teaching or self-learning via the
Internet and documentation. By being aware of this, it is
possible to find methods to support them through the
learning process in practice, such as by creating well-
structured and comprehensive PWA tutorials and
documentation with code examples that aim to reduce the
difficulties of developing PWAs.

PWA challenges have a high share of queries without
accepted answers and the highest median time to
acceptable responses, indicating that developers encounter
issues with PWAs more frequently. Managers of software
can take this into account by giving PWA development
more resources (like more time to work on it). Similar to
this, a software manager may select more experienced
developers to handle PWA development.

Table 4: Comparison of popularity and difficulty between different fields

Type Metric PWA | loT Big Data | Chatbot | Security | Mobile Concurrency

# Posts 8,654 | 53,173 | 125,671 | 3,890 94,541 1,604,483 | 245,541
Popularity | Avg View | 2,224 | 1,320 1,560 512 2,461 2,300 1,641

Avg Score | 2.7 0.8 14 0.7 2.7 2.1 2.5

% w/o acc. | 64 64 60 68 48 52 44
Difficulty

Hrstoacc. | 15.5 29 3.3 14.8 0.9 0.7 0.7
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The decrease in the number of new questions in various
topics (Fig. 3) may imply that SO already knows the
answer to the majority of the PWA questions or issues.
From this perspective, researchers can determine the
maturity of PWAs by analyzing their footprint on SO. That
can help developers decide whether or not to move to
PWAs. In fact, the use of PWAs is strongly correlated with
their level of maturity. That means the vast majority of the
PWASs’ questions have been resolved. The majority of
questions have already been answered in this manner, so it
is not necessary for the developers to ask a new inquiry.
PWA maturity is hard to define. Nonetheless, researchers
have the option of employing an indirect method to
measure it. In other words, the method of [43] says that
they can look at all kinds of interactions to figure out how
mature PWAs are. That shows when there are enough
knowledge to help PWAs on SO.

SO should refine their strategy to support the growth of
PWAs, which are challenging for developers (Table 3). The
SO’s current approach is to focus on developers who are
experts in their fields. To support PWASs, however, they
should encourage developers of all levels to respond to
questions. It backs up the conclusions of [43], in which
they proposed that SO replace the current question-oriented
approach with an answer-oriented policy.

More mature software technologies have benefited from
empirical and qualitative research on bugs and fault
characterization [44]. However, this study looked at the
problems of PWA development. As a result of the high
difficulty and widespread interest in the Debugging and
Testing topic, researchers are able to describe and classify
the faults that were found during the creation of PWAs.
Such research on the categorization of PWA faults can
assist in the improvement of PWA development.

The fact that PWA topics are hard can mean that the
general experience of the PWA community is getting
worse. Researchers can investigate the backgrounds of
developers who contribute to PWAs to determine if the
PWA community comprises a few experts or many active
developers on SO. In fact, a high number of questions
without accepted answers can happen when experienced
users stop using the community and when new, less
experienced users join. People with more experience quit
using the community, but new people did not get enough
experience to take their place. Other studies [45] also found
that experienced users helped the SO communities by
lowering the number of questions that did not have
answers. Researchers can discover if experienced users
have stopped helping in the PWA community. Like in [45],
they can look at community experience to see how user
experience has changed over time.

The existence of the Cross-platform Development issue
with the highest percentage of questions appears to
contradict one of the primary benefits of PWAS: the ability
to develop an app in a single codebase while still being
used on various platforms. In fact, developers frequently
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encounter issues when creating PWAs for multiple
platforms, as not all PWA behaviors are standardized
across browsers and platforms. In a cross-platform
development environment, software managers and
developers can make more informed decisions when
selecting the technologies for their projects with the help of
this guide. In other words, PWAs are not the best way to
make an app work on more than one device.

VIIl. CONCLUSIONS

This study is based on the need to reveal what
developers are interested in and what problems they face
when developing PWAs. To achieve this, we used a set of
tags to extract PWA-related questions from the most
prominent online developer forum, Stack Overflow. The
Latent Dirichlet Allocation topic modeling technique
generated the topics that PWA developers discussed. We
found 11 main topics (such as Service Worker Lifecycle).
The analysis of these topics yielded numerous crucial
insights regarding the PWA-related interests of developers,
including the most popular and difficult issues. We have
also investigated how the issues facing developers
regarding PWAs have evolved over time. The purpose of
our study is to provide researchers, educators, and
developers with actionable implications that underscore
best practices and promising research avenues in PWAS.

We feel that this study can be enhanced in the future by
incorporating data from other development communities,
such as GitHub. In addition, we intend to conduct a
structured survey with both open source and industry
software developers. The survey will investigate their
general and particular difficulties when developing PWA:s.
This survey will supplement and validate our Stack
Overflow research.
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