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Abstract

Stack Overflow, a Q&A community, has become more prevalent among JavaScript
developers to ask programming related questions to solve real-world problems. This
study aims to determine the trending JavaScript frameworks in 2019 and how the
Stack Overflow community promotes the learning of JavaScript frameworks. We an-
alyzed the download statistics and number of questions asked on Stack Overflow for
the top 3 JavaScript frameworks desired by the Stack Overflow community in their
annual developer survey 2019. We conducted an experiment to classify the Stack
Overflow data into different question categories. The classification is evaluated using
Precision, Recall, and Matthews Correlation Coefficient (MCC). We conducted an
online survey among students in Germany to study their opinions on learning from
Stack Overflow, which was analyzed using the open card sort technique. According
to our results, React.js is the most in-demand JavaScript framework in 2019, followed
by Angular and Vue.js, and Stack Overflow does not directly promote learning for
the students. Still, a small fraction of all the data generated on Stack Overflow does.
The results also indicate that learning on Stack Overflow is beneficial but comes
with some challenges, such as inefficient answers.

Keywords: Stack Overflow, JavaScript Frameworks, Learnability, Stu-
dents, Germany
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1 Introduction

A skill that is beneficial in life, in general, is the ability to solve problems. We
want to become outstanding problem solvers so that we can solve any difficulty we
come across. Learning to program gives us the opportunity to learn this form of
skill, and it can enhance us in life along the way. Programming is a useful skill to
possess when looking at how the world is developing with smart devices introduced
in almost every human life phase, from a watch to an automobile. Programming is
the foundation that allows us to use and communicate with computers. In simpler
terms, programming can solve real-world problems by interacting with computers in
a language it understands. With so many programming languages available today,
one such programming language is JavaScript. JavaScript, JS has been adapted as a
de facto standard for the World Wide Web. JavaScript proved to be a revolution in
the development of web pages at client-side programming. JavaScript changed the
way a user interacts with the web pages, such that the user can manipulate different
elements of the page and make them more dynamic, including scrolling, printing
time and date, creating a calendar, and other tasks that are not possible using plain
HTML. As of July 2020, out of all the websites on the internet, 96.6 % are using
JavaScript as their client-side programming language [[1].
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Figure 1.1: Usage statistics of JavaScript [[1]



1 Introduction

The developer community adopted JavaScript rapidly at client-side programming,
resulting in the birth of various JavaScript libraries and frameworks. One of the
earliest JS libraries was JQuery in 2006, but as JS is evolving, many new libraries
and frameworks pop up every year. Along with JQuery, some of the libraries and
frameworks are Angular, React.js, Vue.js, Ember.js, Meteor, Backbone.js, and many
more. As the developer community grows along with various technologies, it is
common to face new errors and problems while programming. In 2008, Joel Spolsky
and Jeff Atwood decided to do something about it. They built a programming Q& A
site that is free. Free to ask questions, free to answer questions, free to read, free to
index [2]. This Q&A website’s name “Stack Overflow” was chosen in a poll on Jeff
Atwood’s blog “Coding Horror” [3].

Stack Overflow has become a popular online community where users can share
information and learn to code based on the Question and Answer (Q&A) model
about various technologies related to programming. Stack Overflow has become
a valuable platform to share knowledge among other developers. Another reason
to share knowledge on Stack Overflow is no proper documentation or unexpected
behavior of a specific technology or API. Users can connect with peers who are
working on the same technology to gain and share knowledge.

While providing a common platform for developers, Stack Overflow has gained
a massive user base of 13 million registered users with 9.9 million visits per day
[M]. Approximately 20 Million questions have been asked on Stack Overflow spread
across various programming languages [4]. A healthy and active community like
Stack Overflow is asking around 7.4k questions daily [4]. The Stack Overflow com-
munity is generating a massive amount of data with highly knowledgeable value
daily. Such data is only categorized based on programming languages. This data
has the potential to be a knowledge hub for community members who are willing
to improve their programming skills or learn a new programming language. To
evaluate the potential of the data on Stack Overflow, we analyze the questions and
answers on Stack Overflow by classifying them into different question categories.
This classification will help us understand the data, promoting useful learning, or
not for its community members. As there are many questions with various pro-
gramming languages, we narrow it down to only JavaScript questions due to its
popularity in client-side programming. JavaScript, having a massive ecosystem of
libraries and frameworks, we consider the most wanted top 3 JavaScript frameworks
by the Stack Overflow community mentioned in SO annual developer survey 2019
results. Initially, the thesis focuses on studying the most trending JS libraries and
frameworks from these top 3 JS libraries and frameworks from 2016 to 2019 from
various data-driven sources. Further, It explores these framework’s learnability by
classifying their questions asked on Stack Overflow and evaluating the classification
with multiple performance metrics. Finally, we analyze student’s experiences from
Germany, especially from the Chemnitz University of Technology, while learning JS
frameworks with Stack Overflow.



1 Introduction

1.1 Motivation

Stack Overflow has evolved from just a Q&A community to a knowledge hub for
various types of developers ranging from new to expert developers. As of July 2020,
Stack Overflow (SO) has around 13 million registered users and around 20 million
questions until today, and the community provides around 30 million supportive
answers. Out of all these questions, about 70% have an answer. Stack Overflow is
visited by around 9.9 million users every day [4]. Researchers can gain insights into
different technologies from such a large programming community.

Stack Overflow 20m 30m 70% 13m 9.9m 74k 12y1m

Q&4 for professional and enthusiast
programmers

Figure 1.2: Stack Overflow Statistics [4]

In 2011, Stack Overflow started conducting an annual developer survey on its
platform. The annual developer survey is conducted worldwide and would gather
information about the developer’s favorite technologies, environments, job prefer-
ences, salaries, and many more aspects concerning the programming community.
At the end of each year, Stack Overflow publishes the results of the annual devel-
oper survey. These results may not represent the entire developer community but
can be considered a glimpse of what is going on worldwide. The last annual de-
veloper survey available is for the year 2019. The annual developer survey 2019
received over 88,000 responses from 179 countries and dependent territories [p].

According to the annual developer survey 2019 results, JavaScript is the most
commonly used programming language for the seventh year in a row [5]. These
results lead to a discussion about how JavaScript is the most used language in the
developer community, with a share of 67.8 % [p]. A survey result on an online
community cannot be accepted unless a piece of evidence supports it. These results
create various opportunities for the scientific community to question and research
the online developer community’s analysis.
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Programming, Scripting, and Markup Languages

All Respondents Professional Developers

JavaScript 67.8%

HTMLICSS  63.5%

SeL 54.4%

Fython  41.7%

Java  41.1%

Bash/ShelliPowerShell  36.6%
C# 31.0%
PHP  26.4%
G+ 23.5%
TypeScript 21.2%
C 20.6%
Ruby  8.4%
Go 8.2%
Assembly  6.7%
Swift  6.6%
kaotlin - 6.4%
R 5.8%
YBA  5.5%
Ohjective-C - 4.8%
Scala 3.8%
Rust  3.2%
Dart  1.9%
Elixir  1.4%

Clojure  1.4%

R

WehAssembly  1.2%

Figure 1.3: Most Popular Technologies [H]

1.2 Research Objectives & Questions

Stack Overflow’s annual developer survey result provides many interesting insights
about different technologies around the world. The results concerning specific tech-
nologies or other factors argue which one is the most used or least used. The research
objective is to study these results to evaluate how such a vast programming commu-
nity supports learning. Another objective is to identify what type of users are using
Stack Overflow. Users can be an expert developer or just a university student.

The thesis evaluates the following research questions to investigate the research
objectives.
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1 Introduction

RQ-1: What are the most in-demand JavaScript frameworks in 20197

RQ-2: How is Stack Overflow helping developers learn JavaScript frame-
works?

RQ-3: How are university students in Germany learning JavaScript frame-
works on Stack Overflow?

Thesis Qutline

Chapter 2, State of Art, beginning page 6, lays the foundation for work and
expertise in the specific research area.

Chapter 3, Methodology, beginning page 10, addresses information on the
application of approaches and techniques. This section provides a complete
procedure about how the research is designed and performed.

Chapter 4, Results, beginning page 45, displays the implementation results
and analyzes its importance and consequences.

Chapter 5, Discussion, beginning page 62, explores how good the thesis has
been, both in analytical findings and in general.

Chapter 6, Threats to Validity, beginning page 65, explore our result’s internal
and external threats.

Chapter 7, Conclusion, beginning page 66, summarizes the purpose, argu-
ments, and thesis results.

1.4 Considerations

In the thesis, JavaScript frameworks or libraries, irrespective of their type, are re-
ferred to as a “framework.” For example, React.js is a library but referred to as a
framework to avoid confusion. In the case of Angular, this thesis conforms strictly
to Angular version 2 and above, also known simply as “Angular.” Angular versions
< 2, also known as “AngularJS,” are beyond the reach of this thesis as we believe
that for an upcoming development project, you are testing new, stable technologies.



2 State of Art

This chapter presents a literature overview of related work concerning the learning
curve of various JavaScript Frameworks (JSF). This chapter also presents a literature
overview of various research that categorized Stack Overflow posts. Further, we
discuss the proposed idea. This chapter is divided into three sections:

o The first section discusses various categories in which Stack Overflow posts
can be categorized.

o The second section discusses the various research concerning the learnability
of JavaScript frameworks.

e The third section presents the proposed idea for the thesis.

2.1 Categorizing Stack Overflow Posts

The data generated by the developer community on Stack Overflow is available
for public use. A research paper “Automatically Classifying Posts into Question
Categories on Stack Overflow” published in “International Conference on Program
Comprehension 2018” by S. Beyer, C. Macho, M. Pinzger, and M. Di Penta [6] sug-
gests classifying SO data into question categories. It compares the taxonomies found
by previous researchers such as Christoffer Rosen and Emad Shihab [[7], Miltiadis
Allamanis and Charles Sutton [g], Christoph Treude, Ohad Barzilay, and Margaret-
Anne Storey [9], Stefanie Beyer and Martin Pinzger [[10], Stefanie Beyer, Christian
Macho, Massimiliano Di Penta, and Martin Pinzger [11]. These taxonomies are har-
monized into seven-question categories mentioned in Table R.1. It also states that
these question categories do not vary across programming languages [6].

The research paper proposes manual classification and automated classification
with machine-learning algorithms like Random Forest (RF) and Support Vector
Machine (SVM) to classify Stack Overflow posts tagged with “Android” into the
mentioned question categories. These classifications were compared based on their
performance metrics, and RF performed way better than SVM [6]. A research paper,
“What kind of questions do developers ask on Stack Overflow? A comparison of au-
tomated approaches to classify posts into question categories” [12] further extends
this research, which compares automated approaches to classification with a regex
approach and regex approach outperformed all the machine-learning approaches
with an average precision, recall, and MCC of 0.90, 0.90, and 0.68. The extended



research concludes with the regex approach being the most efficient way to clas-
sify Stack Overflow posts [12]. The thesis considers the “Learning” and “Review’
category to be useful as learning content on Stack Overflow. The thesis mainly

2 State of Art

concentrates on studying the learning content available on Stack Overflow.

Categories

Description

API Change

These posts contain questions that arise due to the
changes in an API or due to compatibility issues be-
tween different versions of an API.

API Usage

The posts falling into this category contain questions
asking for suggestions on how to implement some func-
tionality or how to use an API. The questioner is asking
for concrete instructions.

Conceptual

The posts of this category consist of questions about the
limitations of an API and API behavior, as well as about
understanding concepts, such as design patterns or archi-
tectural styles, and background information about some
API functionality

Discrepancy

The posts of this category contain questions about prob-
lems and unexpected behavior of code snippets whereas
the questioner has no clue how to solve it.

Learning

In these posts, the questioners ask for documentation or
tutorials to learn a tool or language. In contrast to the
first category, they do not aim at asking for a solution
or instructions on how to do something. Instead, they
aim at asking for support to learn on their own.

Errors

Posts of this category deal with problems of exceptions
and errors. Often, the questioner posts an exception
and the stack trace and asks for help in fixing an error
or understanding what the exception means

Review

Questioners of these posts ask for better solutions or re-
viewing their code snippets. Often, they also ask for
best practice approaches or ask for help to make deci-
sions, for instance, which API to select

Table 2.1: Question Categories [0]
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2.2 JavaScript Frameworks

“JavaScript Ul frameworks and libraries work in cycles. Every six months or so, a
new one pops up, claiming that it has revolutionized UI development. Thousands of
developers adopt it into their new projects, blog posts are written, Stack Overflow
questions are asked and answered, and then a newer (and even more revolutionary)
framework pops up to usurp the throne.” [13] (Ian Allen, 2018)

For modern front-end web development, JavaScript frameworks provide develop-
ers with tried and tested tools for building scalable, interactive web applications.
JavaScript frameworks have reduced the time required to develop a web application
compared to just JavaScript [14]. As a standard part of their tooling, many modern
firms use frameworks; so many front-end development jobs now require framework
experience [[15]. There are so many different frameworks available, while new ones
emerge all the time [15]. It is not easy to figure out where to start when studying
frameworks as an aspiring front-end developer. Amantia Pano, Daniel Graziotin,
Pekka Abrahamsson [16] reported that learnability, the developer’s effort to learn
the framework, is essential for adopting a JavaScript framework.

We discuss various existing research that analyzes the learnability of JS frame-
works against multiple benchmarks. It would help us understand the JS framework’s
learning curve as it might directly affect the frequency of questions asked on Stack
Overflow and even the usage pattern of these frameworks.

Brandon Satrom [17], Eric Wohlgethan [[18], Elar Saks [19], Nicklas Ockelberg
and Niclas Olsson [20], compared their experience while learning these JavaScript
frameworks with the help of the official technical documentation available on their
respective websites. The learning of these JS frameworks can be subjective to the
individual researcher, and it can’t be measured quantitatively:

e Case Study 1:

Brandon Satrom [[17] reported his experience on how quickly he can start using
a JavaScript framework and understand the core concepts. The frameworks
considered are Angular, React.js, and Vue.js. The idea was to participate in
the official tutorial available on these framework’s official website to build a
simple demo web application. Brandon Satrom [L7] reported that the easiest
framework to get started within the shortest amount of time is Vue.js, followed
by React.js and Angular.

e Case Study 2:

Eric Wohlgethan [1§] reported the comparison of the learning curve of Angular,
React.js, and Vue.js based on their technical documentation to understand the
core concepts and the prerequisites required before learning these frameworks.
Vue.js was considered the easiest as it does not require learning any additional
language other than JavaScript. However, React.js requires developers to learn
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JSX (JavaScript XML) similar to JavaScript, and Angular requires developers
to learn TypeScript identical to Java.

o Case Study 3:

Elar Saks [[19] reported the comparison of the learning curve of Angular, Re-
act.js, and Vue.js based on their technical documentation. The learning curve
is compared based on learning about the syntax, architecture, data manage-
ment, lifecycle, and the ease of using third-party libraries of each framework.
Vue.js was considered the easiest for a new developer, followed by React.js and
Angular. Nicklas Ockelberg and Niclas Olsson [20] carried out similar research
on these framework’s usability, and they reported that Vue.js has the small-
est learning curve. In contrast, Angular and React.js have an equal learning
curve.

Table @ shows a comparison of the learning curve of JavaScript frameworks
mentioned in the case studies 1 to 3. As discussed in section 2.1, we concentrate on
studying the learning content available on Stack Overflow for JavaScript frameworks;
it becomes crucial to study the JavaScript framework’s learning curves. It might
directly affect a developer’s question asking pattern on Stack Overflow. For example,
suppose a framework is too easy to adapt to in a project. In that case, practitioners
of this particular framework will ask fewer questions on Stack Overflow than the
practitioners of a complex framework. This question-asking pattern can affect the
type of data generated on Stack Overflow. The thesis uses the learning curve of
JavaScript frameworks to evaluate their learning content on Stack Overflow.

Authors Easy Moderate Steepest
Brandon Satrom [17] Vue.js React.js Angular
Eric Wohlgethan [1§] Vue.js React.js Angular
Elar Saks [[19] Vue.js React.js Angular
Nicklas Ockelberg, Niclas Olsson [20] | Vue.js | React.js, Angular -

Table 2.2: Comparison of the learning curve of JavaScript frameworks

2.3 The Proposed ldea

All these case studies provide the most relevant piece of research for this thesis.
Inspired by these various research, the thesis’s proposed idea is to study the learn-
ability content of JavaScript frameworks on Stack Overflow for the developer and
the student community.



3 Methodology

3.1 Popular JavaScript Frameworks

« RQ-1: What are the most in-demand JavaScript frameworks in 20197

For answering the RQ-1, we analyze the download statistics of Angular, React.js,
and Vue.js using Node Package Manager (NPM) and the frequency of questions
asked on Stack Overflow for these frameworks using Stack Overflow Trends. Also,
we analyze the popularity of these frameworks on the Google search engine using
Google Trends. The most downloaded framework can be considered as the most in-
demand framework; However, we also consider the popularity of these frameworks
on the Google search engine to evaluate the most downloaded framework. The
frequency of questions on Stack Overflow can be the deciding factor for a particular
framework’s difficulty to learn.

3.1.1 Selecting Frameworks

Most Loved, Dreaded, and Wanted Web Frameworks

Lanied Dreaded Wanted

Feactjs 21.5%
Yiuejs  16.1%
Angularfingularjs  12.2%
Django  7.8%
iGuery  5.0%
Express  4.7%
Ruby on Rails  4.4%
Flask 4.3%

Spring  4.0%
ASFMET  3.7%
Laravel 3.1%

Drupal  1.0%

Figure 3.1: Most Wanted Web Frameworks [p]

10



3 Methodology

Figure Ell shows the most wanted web frameworks by the developer community on
Stack Overflow. Out of 12 web frameworks mentioned, 5 are JavaScript frameworks.

React.js, Vue.js, and Angular/Angular.js are the most wanted web frameworks
according to Stack Overflow annual developer survey 2019, as shown in figure B.1l.
For the proposed hypothesis, React.js, Vue.js, and Angular are used to answer the
research questions.

3.1.2 Stack Overflow Trends

Around 7.4k questions are asked daily on Stack Overflow, as shown in Figure B
These questions can be about programming problems concerning different technolo-
gies. In 2017, Stack Overflow developed a new tool called Stack Overflow Trends to
track interest in programming languages and technologies, based on the number of
Stack Overflow questions asked per month [21]. Any user can check these changing
trends over a period of time. This insight cannot be perfect based on questions
asked, but it indicates what technologies and programming languages developers
community are using and learning [21]. These trends can also be studied based on
the level of complexity of different technologies.

Stack Overflow Trends

See how technologies have trended over time based 4.00% - Tag
on use of their tags since 2008, when Stack o
Crwerflow was founded. Enter up to 15 tags to 3.50% statistics
compare growth and decline. X
3.00% -| e Y

Tags o |

r = | siatistics = 2.50%

2.00% —
Don't know what tags to look at? Try one of our

presets: 1.50%

« MostPopular Languages (TIOBE Index for May
2017y

« Operating Systems

« Mobile Operating Systerms

o Javascript Framewnorks

« Smaller Javascript Framewnorks

« Closed-source Browser Plugins

« Data Science and Big Data

« Apache Open-source Projects

1.00% - P
./-/

0.50% |

% of Stack Overflow guestions that month

0.00% A e e e
2008 2010 2011 2012 2013 2014 2015 2016 2017 201§ 2019 2020

Year

For more on this tool and what you can learm from it,
see our blog post.

Figure 3.2: Stack Overflow Trends Homepage [22]

As shown in figure @, tags are used to collect the frequency of questions asked
on Stack Overflow. Stack Overflow uses tags to link a question to a specific subject
area. The frequency of questions is represented on the right side in the form of a
graph. The X-axis represents the year in which the questions were asked. The Y-axis
represents the percentage of questions with that specific tag from all the questions
on Stack Overflow.

To find out the most in-demand framework, the Stack Overflow Trends tool is
used to overview the frequency of questions based on specific tags of the selected

11
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frameworks, i.e., React.js, Vue.js, and Angular as shown in figure @

=ee how technaologies have trended over time based
on use aof their tags since 2005, when Stack
Cwverflow was founded. Enter up to 15 tags to
campare growth and decline.

Tags:

angular = reactis = |vuejs =

Figure 3.3: Stack Overflow Trends Implementation [@]

3.1.3 Node Package Manager

NPM, also known as “Node Package Manager,” is an extensive public database
of JavaScript software and the meta-information surrounding it @] NPM is a
public registry that allows JavaScript developers to share their code about solving a
particular problem, and other developers can reuse it according to their needs. NPM
consists of packages that have JavaScript code in it, along with a meta-information
about it. NPM is one of the ways people access various JavaScript packages and
frameworks.

npm trends
Compare package download counts over time

|Enter an npm package...

Fopular

@anqular/core vs angular ws react vs vue
angular va react vs vue

@anqularfcore vs react vs wue

react s vue

react

Ifyou find any bugs or have a feature request, please open an issue on github!

The npm package download data comes from npm's download counts api and package details come from npms.io.

Figure 3.4: NPM Trends Homepage [@]

NPM provides a public API to access download counts of any package on the NPM
database. John Potter, the co-founder of Rye Labs, has developed an NPM package
comparison application called “NPM Trends,” which can be visited at https://www.
npmtrends.com/ that uses NPM’s public API to represent the download counts of
JavaScript packages graphically as shown in figure B.4. NPM Trends is used to study
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the download statistics of the selected frameworks i.e. "angular/core”,” react”, and

"vue” as shown in figure B.9.
npm trends

@angular/core vs react vs vue

Enter an npm package...

[ @angular/core l [ react ] l vue l + angular  + ember-source

Figure 3.5: NPM Trends Implementation [@]

3.1.4 Google Trends

Google Trends

Explore what the world

is searching

Figure 3.6: Google Trends Homepage [@]

Google Trends is an analysis tool by Google that helps users discover search-behavior
or keywords used on Google’s search engine. Google search engine is one the most
used search engines with 91.89 % market share as of May 2020 [@] With such
a vast market share of web searches, Google Trends lets you see what searches are
performed worldwide on its search engine. It provides a volume of keywords searched
over a while. It also allows a comparison of the volume of various keywords used
in various geographical locations. Keywords like angular, react, and vue is used to
get an_insight into search trends around the world between 2016-2019 as shown in
figure

GoogleTrends  Compare

@ Angular ® react o vue

Web framework. Search term Search term

Worldwide ¥ 1116-12/21/19 « All categories v Web Search +

Figure 3.7: Google Trends Implementation [@]

13



3 Methodology

3.2 Learning Factor on Stack Overflow

This section explains the methods required to answer the second research question.

« RQ-2: How is Stack Overflow helping developers learn JavaScript frame-
works?

RQ-2 concentrates on studying the type of data on Stack Overflow, categorizing the
data as learnable or not for the developer community. The methodology dives deep
into the content on Stack Overflow and searches for the learnability factor.

3.2.1 Stack Overflow Q&A Model

Stack Overflow has a simple process model. A registered user is allowed to post a
question concerning programming. The question format allows the user to enter a
“Title” and a “Description” and code snippets supporting the question, as shown in
Figure B.§. The question also allows the user to add tags to the question. Tags can
be helpful to relate the question to a subject or a technology.

(Can't bind to 'ngModel since it isn't a known property of 'input':

Asked 4 years, 2 months ago  Active today Viewed 935k times

'\

',I:re got the following error when launching my Angular app, even if the component is not displayed.

1499 | I have to comment out the <input> so that my app works.

zone.js:461 Unhandled Promise rejection: Template parse errors:
Can't bind to "ngModel’ since it isn't a known property of ‘imput’. ("
<divy
<label>Created:</label>
<input type="text" [ERROR ->][(ngModel)]="test" placeholder="foo" />
</div>
</div>"): InterventionDetails@4:28 ; Zone: <root> ; Task: Promise.then ; Value:

HLm looking at the Hero plunker, but | don't see any difference from my code. )

Figure 3.8: Asking a Question [@]

These questions are published in the community. Other registered users can pro-
vide answers to these questions. The community can vote on these answers. Answers
can be upvoted or downvoted. Good answers are voted up and rise to the top [@]
The asker can mark a question as “accepted,” indicating which answer was the most
useful for the asker, as shown in Figure B.9.

Stack Overflow has introduced gamification in the community with the help of
these upvotes and downvotes. A user earns a reputation if the community upvotes
his posts (questions, answers, edits). As the user goes on earning reputations, the
user unlocks new privileges in the community.
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41 Answers Active | Oldest | Votes

2 MNext
. Yes that's it, in the app.module.ts, | just added : —\
| |
2065 import { FormsModule } from ‘@angular/forms';
[---]
| | @NgModule({
V imports: [
Ry [---1
FormsModule
1
[...]
\J J

Figure 3.9: Answer on SO [27]

3.2.2 Stack Overflow Data Dump

Stack Overflow decided to make all user-generated data publicly available. All user-
generated content on Stack Overflow is under a Creative Commons License [29)].
Creative Commons License lets others copy, distribute, display, and perform your
copyrighted work and derivative works based upon it, but only if they give credit the
way you request [B0]. This data should only be used for non-commercial purposes
only [B0]. Most of the Stack Overflow data is available for the public, which can be
used for research purposes. Stack Overflow provides a database dump of anonymized
public data every quarter [31].

Such a database dump can be enormous and tedious to handle. To overcome this,
Stack Overflow launched a web tool “Stack Exchange Data Explorer” for sharing,
querying, and analyzing the database dump of Stack Overflow [32]. Anyone can
run a SQL query against this database dumps online and gets a CSV downloadable
output, as shown in figure B.1(. The data on Stack Exchange Data Explorer (SEDE)
is updated early every Sunday morning around 3:00 UTC [33]. Stack Exchange Data
Explorer has a limitation of a maximum of 50,000 rows per query.

Another way to access Stack Overflow data without limitations is Google’s Big-
Query. BigQuery lets you run a query without any limitations. It also provides an
API to connect all sorts of tools [B4]. Google BigQuery is only advantageous over
SEDE to query more than 50,000 rows per query and the ability to connect to third-
party tools like Tableau [35]. We will be querying a smaller data set than 50,000
rows for the Stack Overflow data dump classification for this thesis. Therefore SEDE
is used to query the Stack Overflow data.

15



StackExchange=

Data Explorer

Viewing Query

Enter a title for your query
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Queries

Compose Query ! v

stack overflow

Q&A for professional and
enthusiast programmers

Database Schema 12 + =
Posts

Id int

PostTypeld tinyint
AcceptedAnswerld int

Parentld int
CreationDate datetime
DeletionDate datetime
Score int
WViewCount int

Body rwarchar (mas)
Owenerl Iserld int

Revisions

Watting for you to make your first edit

Figure 3.10: Stack Exchange Data Explorer New Query[36]

3.2.3 Selecting the Data

Stack Exchange Data Explorer (SEDE) provides a database schema to query the
Stack Overflow Data Dump, shown on the right side of figure B.10. The initial
step is to select top quality posts for manual classification to find the ground truth,
which can test the automated classification approach. A research paper, “Predicting
the Quality of Questions on Stack Overflow,” published in “Proceedings of Recent
Advances in Natural Language Processing, pages 32-40, Hissar, Bulgaria, 2015,”
discusses various aspects of predicting the quality of questions. It concludes that
the higher the reputation of Question Score and Answer Counts, the higher is the
value of the quality measure. Based on this study, the thesis proposes to use Question
Score and Answer Counts of the posts to form the ground truth. Since the value of
the quality measure is higher when reputation is higher, metrics of Question Score
and Answer Counts is set to be greater than their respective average, as shown in

Listing 3.3. Table
the data.

shows the potential metrics used by the thesis for selecting

Metrics

Description

Accepted Answer

The asker can mark a question as “accepted,” indicating
which answer was the most useful for the asker.

Question Score

The score is calculated by subtracting the down-votes
from up-votes

Answer Counts

The number of answers a question has received.

Table 3.1: Potential metrics for selecting SO posts
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Tags
angular
reactjs

vue.js

Table 3.2: Stack Overflow Tags

Table @ shows Stack Overflow tags used to query data on Stack Exchange Data
Explorer (SEDE). A user from the Stack Overflow community has the freedom to
create his tags after he has earned a specific reputation and unlocked a distinct priv-
ilege within the gamification framework of Stack Overflow. There can be multiple
tags for the same programming language. That is why we mention the tags used for
this thesis in the Table B.2. TableE shows the Stack Exchange’s Stack Overflow
Database Schema, which the thesis uses. The Stack Overflow database schema helps
to understand the structure and datatype in the database. As mentioned in Table
@, “Title” and “Body” has a datatype of “nvarchar,” which indicates that these
fields have string content whereas “Score,” “AnswerCount,” and “ViewCount” has
a datatype of “int” showing only an integer will be retrieved for these fields. The
database schema gives the exact information on what type of data to expect when
querying a specific field.

Posts
Id int
Title nvarchar (250)
Body nvarchar (max)
Score int
AnswerCount int
ViewCount int
CommentCount int
AcceptedAnswerld int
CreationDate datetime
PostTags
Postld \ int
Tags
Id ‘ int

Table 3.3: SEDE Stack Overflow Database Schema [36]
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Querying the Data

The initial step is to retrieve the average of Question Score and Answer Counts, as
shown in Listing 3.1 and Listing 3.2. We use “AVG(),” an inbuilt function of SQL
which calculates the average from the dataset provided to it. We use the “Score”
and “AnswerCount” fields from the table “Posts” in the “AVG()” function as shown
in Listing 3.1 and Listing 3.2. We perform a “JOIN” function between table “Posts,”
“PostTags,” and “Tags” to combine the tags associated with their specific posts.
We use a “WHERE” condition to filter the posts based on the period of the year,
tag, and an accepted answer. The “TagName” is obtained from the user during
runtime as a string on SEDE based on Table @ We use “AcceptedAnswerld” to
filter the posts with an accepted answer only by setting it to “NOT NULL” while
“CreationDate” is used to set a period between 01 January 2016 and 31 December
2019.

Listing 3.1: Average of Question Score

SELECT AVG (p.Score)

FROM Posts p

JOIN PostTags pt ON p.Id = pt.Postld

JOIN Tags t ON pt.Tagld = t.Id

JOIN Posts a ON p.AcceptedAnswerld = a.lId
WHERE (t .TagName = ##TagName: string#+#) AND
(p.AcceptedAnswerld IS NOT NULL) AND
(p.CreationDate >= '##Datel?72016—01—-01## ") AND
(p.CreationDate <= '##Date272019—12—10## ")

Listing 3.2: Average of Answer Count

SELECT AVG (p.AnswerCount)

FROM Posts p

JOIN PostTags pt ON p.Id = pt.Postld

JOIN Tags t ON pt.Tagld = t.1d

JOIN Posts a ON p.AcceptedAnswerld = a.Id
WHERE (t.TagName = ##TagName: string##) AND
(p.AcceptedAnswerld IS NOT NULL) AND
(p.CreationDate >= "##Datel?72016—01—01## ") AND
(p.CreationDate <= "##Date272019—12—10#+# ') AND
(p.Score > 2)

The final query is similar to Listing 3.2 but with some modifications. In-
stead of the “AVG()” function used previously, we use a “TOP(500)” function
followed by the fields from the Table B.3. The “TOP(500)” function would
give us the 500 posts from the complete dataset. Further, we add more con-
ditions in the “WHERE” clause. The “Score” and “AnswerCount” is added
to the “WHERE” clause with a condition greater than the average of “Score”
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and “AnswerCount” received from Listing 3.1 and Listing 3.2. Lastly, we se-
lect these 500 posts randomly from the retrieved dataset by adding the “OR-
DER BY RAND( )” function to our “WHERE” clause. The remaining condi-
tions remain the same as Listing 3.2, as shown in Listing 3.3. A direct link to
the query: https://data.stackexchange.com/stackoverflow/query/1320258/
final-query-questions-with-answer-along-with-tag-random-top-500

Listing 3.3: SQL Query for random 500 posts

SELECT TOP(500) p.Id, p.Title, p.Body, p.Score,
p.ViewCount , p.AnswerCount, p.CommentCount

FROM Posts p
JOIN PostTags pt ON p.Id = pt.Postld
JOIN Tags t ON pt.Tagld = t.1d
JOIN Posts a ON p.AcceptedAnswerld = a.lId
WHERE (t.TagName = ##TagName: string##) AND
(p.AcceptedAnswerld IS NOT NULL) AND
(p.CreationDate >= "##Datel?72016—01—01#+# ") AND
(p.CreationDate <= "##Date272019—12—31## ') AND
(p.Score > 2) AND
(p.AnswerCount >2)

Figure shows the dataset retrieved from the SQL code from Listing 3.3 for
the tag “angular”” The _query executes against the database with all the three
tags discussed in Table B.2. These results are downloaded as CSV files and used
for manual and automated classifications. “Title” and “Body” gives a stream of
data for searching keywords and phrases. “Score” and “AnswerCount” is our po-
tential metrics for filtering the dataset. These metrics for the retrieved dataset
are greater than their average. The average is 2 in this dataset of tag “angu-
lar” Hence, this dataset’s minimum score and the minimum number of answers
is 3, and the maximum can be any value depending on these question’s random
selection. Since the dataset is randomly selected, we can see there is a combina-
tion of low score questions and high score questions, and even the “Id” is not in a
linear sequence. For the tag “angular,” the maximum score is 1497, and the min-
imum is 3. The maximum score and minimum score are retrieved using the same
query as shown in Listing 3.3 by replacing the parameters after the “SELECT” com-
mand with “MAX(p.Score)” and “MIN(p.Score)” respectively, as shown in the query:
https://data.stackexchange.com/stackoverflow/query/1320273/max-score
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Results

Id
35975879
34556277
34979260
35296704
36126837
35082657
34742023
36106350
36354325
35521583
36494938
36026428
36271314
35665358
35326689
35526436

Manual Classification
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Messages
Title Body « Score

angular2 test, how do | mock...  <p=How do | mock sub component... 61
Angular2 table rows as com...  <p»| am experimenting with angula... 103
Angular 2 - Apply conditional...  <p=| am trying to apply a class to .. T
Angular2 - how to call comp...  <p»| am using a javascript Object t... 72
Redirect to a new page in An...  <p>| have a scenario say a <stron... 8
Angular2 SVG xlink:href <p=| have component for rendering.. 44
How to clear form after subm...  <p>| have some simple angular 2 c... 86
Attribute directive with ngMo...  <p>| want to change (force) input fi... 23
Angular 2 - NgFor using num...  <p>..for example...</p> <pre><co... 205
How to implement Custom A...  <p=<strong=1.</strong> Is it even ... 26
Debug & Run Angular2 Type...  <p=»<strong=Debug &amp; Run An... 79
Angular2: Show placeholder ... <p»<strong=Goal</strong>: Load ... 43
Observable errors with Angul.. <pe=<strong=Hello, </strong></p> ... T
How to set Content-Type and...  <p=<strong=How to set Content-T. 26
How to catch exception corr. <pe=<strong=Part of my code:</str... 134
Cannot find module "glob’ <p=<strong=Tell me what extra inf... 18

5 Download CSV

ViewCount AnswerCount CommentCount
43873 4 4 ~
60949 5 0
14784 3 0
87796 6 4
41886 3 4
19233 3 0

198966 15 0
29112 4 0
257854 15 2
17519 3 0
61975 10 0
61177 8 0
11305 3 0
76128 3 0
241735 5 0
27343 4 0

]

500 rows returned in 38 ms

Figure 3.11: Result of Query from Listing 3.3

= Title = Category =
34556277 Angular2 table rows as component Api_Usage
34559212 How to add form validation pattern in Angular 27  Api_Usage
34561168 Angular exception: Can't bind to 'ngForin’ since it i Errors
34561346 Angular2 exception: Token must be defined Errors
34565097 @ContentChildren is not being populated Review
34565872 How to delete compiled JS files from previous type Api_Usage
34568213 Angular 2: Do something with @Input inside Comg Api_Usage
34568497 How to set dynamic id in "ngFor? Api_Usage
34569094 What is the Angular equivalent to an Angular)S $v API_Change
34569387 Angular 2- Inject view/DOM into component constr Api_Usage
34571517 Angular- How to determine active route with paran Coenceptual
34574167 Angular2 - should private variables be accessible | Api_Usage
34578381 Angular 2 MghModel doesn’t work API_Change
34582258 How to export typescript enum with systemjs and Api_Usage
34583073 Angular 2 Errors and Typescript - how to debug? Api_Usage
34595343 Angular? fallback route Api_Usage
34597835 How to get current route Api_Usage
34599174 How to handle query parameters in angular 2 Api_Usage
34607990 Unit testing an observable in Angular 2 Conceptual
346083671 How to reset form validation on submission of the - Conceptual
34608814 Bidirectional data binding on a component input pr Conceptual
34613065 What is the difference between component and dir Conceptual
34614743 How to prepare release version with SystemJS ani Errors
34614818 Angular2 - root relative imports Conceptual
34615418 How to get Dom's height in angular2? Api_Usage
34615425 How to watch for form changes in Angular Api_Usage
34616248 Oauth 2 popup with Angular 2 API_Change
34619782 Coding against Angular 1. for easiest upgrade to £ API_Change
34628536 ASP.NET 5 + Angular 2 routing (template page no Api_Usage
34629517 File ‘app/hero.ts’ is not a module error in the cons¢ Discrepancy
AMAEIAA30 Arcessing slament in an Anaular? JavaScrint FSE Api Usaae

Phrases

How can i

What is the right property
the error is

error

am i missing something? / does anyone know
how to

how can i

how to

What is the equivalent
how to

Is there any way

should | be able

my transition from

Why cant |

how to

How can |

how is that possible

how do |

What is the correct way
is there any method

Is there a way to make this works simply
what are the differences between
here are the erors

Is there any way how to
how to

how to

upgrading

I'd like to easily upgrade
how to

what’s wrong

How can |

Figure 3.12: Manual Classification
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Manual classification is carried out with an excel spreadsheet by going through
every question title and body and finding keywords or_phrases that are classified
into question categories mentioned in Table R.1|. Figure B.12 shows a glimpse of how
a manual classification would look like. The result of this manual classification is
considered ground truth. Results of manual classification can differ from researcher
to researcher as some phrases might belong to more than one question category.
Figure @ shows a post with id 34736161 having phrases for question category
“Review” and “API Usage.” The phrase highlighted in red indicates that the post
belongs to the question category “API Usage.” Still, another phrase highlighted in
yellow indicates the post belongs to the question category “Review.” In this case,
we considered this post belongs to the question category “Review” because the user
is asking for a better way to do the task by seeking a review of an existing code
written by the user.

Create a dropdown component

Asked 4 years, 9 months ago  Active 7 months age  Viewed 114k times

| want to create a dropdown menu using Angular 2 |but I'm not sure how to do it in the "Angular 2 way". l

24  Icould create a dropdown component that is used like this:

<dropdownz
¢1i (click)="action( 'item 1')">Item 1</1li>
¢1i (click)="action('item 2")">Item 2</1i>
</dropdown

This seems nice, but then the action method needs to be defined on the companent that contains
the <dropdown> andthe <1i> elements don't get styles applied from the styles in the <dropdown>
component, which is kind of odd.

Another option is to create components that are used like this:

<dropdownz
<dropdown-item (click)="action('item 1')">Item 1</dropdown-item:>
<dropdown-item (click)="action('item 2')">Item 2</dropdown-item:>
<dropdownz

This is more verbose, the dropdown-item component handles the click action, and the styles of the
items get defined by the dropdown-item component as well.

Is there a more canonical way to do this in Angular 2?

Edit: I'm not talking about a custom select input for a form. More like a menu with options, or a right
click context menu.

Figure 3.13: Confusion in manual classification

Manual classification gives a set of keywords or phrases. These keywords are
combined with similar keywords according to their frequency. We convert keywords
to a regex pattern for automated classification. Tableq@ shows a set of frequently
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occurring keywords from a data set that was retrieved with an “angular” tag, as
shown in figure B

Manual Classification
Category | # of posts | most frequently used phrases
API usage 176 -
Conceptual 86 -
Discrepancy o6 -
Errors 38 -
canonical/correct /best /easy /simpler /better /easiest /
other /easier /smart /proper/clean/simple/only/cleaner/
Review 89 efficient /elegant - way/way of doing, best/recom-
mended - practice, best approach, simpler/better -
solution
API change 9 -
Learning 5 guide and explain, where should I get, find a tutorial,
any resources

Table 3.4: Manual Classification Keywords - Tag: angular

Automated Classification

This section describes how to set up an experiment to automatically classify posts
into question categories using the regex approach. For an independent sample-set,
regex is the most efficient than machine learning algorithms like Random Forest
(RF) and Support Vector Machine (SVM) for classification with average precision,
recall, and MCC of 0.90, 0.90, and 0.68. [12].

The keywords retrieved in manual classification did not cover all the possibilities
to indicate a question category. We started stemming the keywords and combining
them with different combinations that would lead to a meaningful phrase. With
such combinations, we can catch different tenses. For example, for “REVIEW,”
we combined the phrases “simple solution” and “simpler solutions” to the pattern
(simple(r)?) solution(s)?.

The code for classification is written in Python programming language with Py-
Charm IDE. Figure B.14 shows the layout for our classifier project folder. For the
automated classification, we retrieve a dataset of 150 random posts for each tag
without any threshold metrics except “AcceptedAnswerld,” which is set as “NOT
NULL,” similar to our initial SQL query mentioned in Listing 3.3. We place our
random 150 posts CSV file for each tag from the SEDE in the folder “data.”
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LY

Marme
~ classifier
~ data

~ model
 res

B classifier_main.py
~ properties.tet

Figure 3.14: Classifier Structure

Initially, a model is created for “Post” and “Result” in the “model” folder, de-
picting the structure of our posts and results, as shown in Listing 3.4 and 3.5. The
“Post” model represents the structure of data we have retrieved from SEDE, which
is “Id,” “Title,” and “Body.” For the “Result” model, we have an “Id” for the post,
“a_reason” for the indication of whether a post belongs to a specific category or not,
“points” to calculate the match of our keyword patterns in the title and body, and
“support” to specify which phrase is matching to our keyword patterns.

Listing 3.4: post.py - Post model
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Listing 3.5: result.py - Result model

Next, an abstract “Classifier” is created to classify posts using regex in the “clas-
sifier” folder, as shown in Listing 3.6.

Listing 3.6: classifier.py - Abstract classifier
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We create an individual classifier for the “REVIEW” category in the “classifier”
folder, which includes the keyword patterns we created for the regex approach, as
shown in Listing 3.7. An individual classifier for the “LEARNING” category is
similar to the “REVIEW?” category, but it will have it’s own keyword patterns. This
individual classifier calls the abstract classifier (Listing 3.6), passing their respective
keyword patterns and the post to perform a regex search. We calculate the length
of the matched keyword patterns as points. In the end, if the points are greater
than zero, we label the specific post with that individual classifier name and create
a new instance of the “Result” model.

Listing 3.7: review.py - Review classifier
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Listing 3.9 shows the main classifier file from where we call the previous model
and functions. Initially, we read properties from a file “properties.txt,” as shown
in Listing 3.8. This properties file specifies where our dataset file is stored and
delimiter to be used and a place where result files can be saved (“res” folder), as
shown in Listing 3.8. The main classifier reads the properties from “properties.txt”
then loads the dataset from our CSV files. Further, for each classifier, it calls the
abstract classifier to match their patterns using regex. In the end, it writes all the
results in a new result file inside the “res” folder. We run this main classifier twice
of each tag, one time for each question category along with their keyword patterns.

Listing 3.8: properties.txt

Listing 3.9: classifier _main.py - Main classifier
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[res.support])
file . close ()

return

Classifier _Main (). main ();

3.2.4 Calculating Performance Metrics

We used Precision, Recall and Matthews Correlation Coefficient (MCC) [37] [3§]
metrics for measuring and comparing classifier efficiency. These metrics are used to
evaluate the results of our automated classification. Notice that we disclose measure-
ments on both sides of the classification: whether a post was appropriately classified
as part of a question category (True Positive) and whether a post was accurately
classified as not part of a question category (True Negative). We evaluate the re-
sults from automated classification manually and label them with “True Positive”
or “True Negative” (if a post is correctly classified in that specific category) and
“False Positive” or “False Negative” (if a post is not correctly classified in that spe-
cific category). These factors are explained further in our performance metrics. The
performance metrics help to understand if the classifier worked as expected or not.
If the classifier has a higher accuracy rate, it will support our approach to search
for learning content on Stack Overflow. We calculate the performance metrics like
Precision, Recall, and MCC for our automated classification results for each tag and
present the results in Chapter {.

Precision

Precision is the ratio of correctly classified posts for all posts categorized into the
category of question. The values differ from 0 (low accuracy) to 1 (high accuracy)
[12]. In a classification process, precision is the sum of true positives (i.e., the
number of items that are correctly classified as a positive class ) divided by the
overall number of items classified as belonging to the incorrect class ( i.e., the total
of true positives and false positives, which are items falsely classified as belonging

to the class). Precision is defined as: B

True Positive (T'P)
True Positive (T'P) + False Positive (F P)

(3.1)

Precision =

29



3 Methodology

Recall

Recall is the ratio of correctly classified posts for the posts that are actually observed
as true instances. Values range from 0 (low recall) to 1 (high recall) [12]. Recall is
the sum of true positives divided by the sum of all items that currently belong to
the positive class (i.e., the total of true positives and false negatives, which were not

identified as the positive class but that should have been). Recall is defined as: =

True Positive (T'P)
True Positive (T'P) + False Negative (F'N)

Recall = (3.2)

Matthews Correlation Coefficient (MCC)

Matthews Correlation Coefficient (MCC) tests binary classifier efficiency by consid-
ering correctly categorized items, true positives (TP) and true negatives (TN), and
the incorrectly categorized items false positives (FP) and false negatives (FN) [[12].
It is calculated by measuring the ratio of the product difference of the correctly
classified instances (TP - TN) and the product of the misclassified instances (FP
- FN) to the product root of the sum of each combination of TP, TN, FP, and FN
[12]. The MCC can be determined directly from the confusion matrix using the

following formula: i

TP+«TN — FP+FN
MCC = (3.3)
V(TP + FP)(TP + FN)(TN + FP)(TN + FN)

The values range from -1 (the total difference between the posts marked and the
classifier) to 1 (perfect classifier), and a value of 0 means the classifier is as robust
as any random guess [[12].
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3.3 University Students in Germany on Stack
Overflow

This section explains the methods required to answer the third research question.

« RQ-3: How are university students in Germany learning JavaScript frame-
works on Stack Overflow?

RQ-3 focuses on university student’s thoughts and opinions in Germany about
their learning experience on Stack Overflow and their most preferred technologies. It
would help to understand the mindset of the new generation of upcoming developers
from Germany.

3.3.1 Stack Overflow Annual Developer Survey

In 2011, Stack Overflow started conducting an annual developer survey on its plat-
form. At the end of every year, Stack Overflow publishes the results of the annual
developer survey. These results may not represent the entire developer community
but can be considered a glimpse of what is going worldwide. The last annual de-
veloper survey available is for the year 2019. The annual developer survey 2019
received over 88,000 responses from 179 countries and dependent territories [5].

The annual developer survey dataset is available for public use https://insights.
stackoverflow.com/survey where the personal user data is anonymized. The ini-
tial overview of this 2019 data reveals some useful insights. 36073 participants are
from Europe, which is one of the highest compared to other continents. 5866 par-
ticipants are from Germany, out of which 1558 are full-time or part-time students.
The survey dataset is available in a CSV format with a data schema. We use a few
of the questions to analyze what students from Germany desire and their thoughts
on Stack Overflow.

Table @ shows the dataset schema of Stack Overflow annual developer survey
results.

31


https://insights.stackoverflow.com/survey
https://insights.stackoverflow.com/survey

3 Methodology

Column QuestionText
Country In which country do you currently reside?
Student Are you currently en'rolle'd in a formal, degree-
granting college or university program?
Age What is your age (in years)? If you prefer not to
answer, you may leave this question blank.
EdLevel Which of the following best describes the highest
level of formal education that you’ve completed?
UndergradMajor What was your main or most important field of
study?
Which of the following programming, scripting,
and markup languages have you done extensive de-
velopment work in over the past year, and which
LanguageWorked With do you want to work in over the next year? (If

you both worked with the language and want to
continue to do so, please check both boxes in that
row.)

LanguageDesireNext Year

Which of the following programming, scripting,
and markup languages have you done extensive de-
velopment work in over the past year, and which
do you want to work in over the next year? (If
you both worked with the language and want to
continue to do so, please check both boxes in that
row.)

WebFrameWorkedWith

Which of the following web frameworks have you
done extensive development work in over the past
year, and which do you want to work in over the
next year? (If you both worked with the frame-
work and want to continue to do so, please check
both boxes in that row.)

WebFrameDesireNext Year

Which of the following web frameworks have you
done extensive development work in over the past
year, and which do you want to work in over the
next year? (If you both worked with the frame-
work and want to continue to do so, please check
both boxes in that row.)

SOVisitTo

I visit Stack Overflow to... (check all that apply)

SONewContent

Would you like to see any of the following on Stack
Overflow? Check all that apply.

Table 3.5: Stack Overflow Survey Results Schema

These questions are closed questions and give a quantitative data overview.
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3.3.2 Selecting Questions

We use the Jupyter Notebook IDE, which shows the live code and data vi-
sualizations in the same file. The complete code is written in a single file,
“RQ3_SO_survey analysis.ipynb.” Initially, we import all the required libraries
for data analysis and data visualization. We will be using libraries like Pandas [@]
and NumPy [@] for data analysis and Matplotlib [@] and Seaborn [@] for data
visualization. As shown in Listing 3.10, we load these python libraries and retrieve
the required columns from the survey dataset CSV file, as mentioned in Table

A variable “df” is created, representing two-dimensional tabular data, referred to as
“DataFrame.”

Listing 3.10: Loading Libraries and Selecting Questions

3.3.3 Filtering Student Responses

In Listing 3.11, Using the “Country” and “Student” columns, we extract all the
responses from the country ‘Germany’ and further filter it with full-time and part-
time student responses to initialize our data frame with student responses from
Germany.

Listing 3.11: Filtering Student Responses
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3.3.4 Analyzing Student Responses
Student Status

In Listing 3.12, we replace all the empty answers in the “Student” column with “I
prefer not to say” for a better visualization experience. We use the “countplot()”
function from the seaborn library to visualize the data for student and non-student
responses from the country “Germany.” In the end, we use a “annotate()” function
to calculate and display the percentage of each group of answers. The “countplot()”
and “annotate()” function is consistent across all other listings.

Listing 3.12: Students From Germany
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Student Age Group

In Listing 3.13, we remove the empty answers from the column “Age” and loop
through each participant’s age, and group it together into different age groups for
better visualization. Further, we visualize these age groups.

Listing 3.13: Student’s Age Group

Student Education Level

In Listing 3.14, we use the “EdLevel” column to visualize the education level of
students who participated in the survey from Germany using the “countplot()” and
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“annotate()” function.

Listing 3.14: Student Education Level

Student Undergraduate Major

In Listing 3.15, we use the “UndergradMajor” column to visualize the under-
graduation major stream of students who participated in the survey from Germany
using the “countplot()” and “annotate()” function.

Listing 3.15: Student Undergraduate Major

Programming Languages used by Students

In Listing 3.16, we use the “LanguageWorkedWith” column to visualize student’s
programming languages. Initially, we remove the empty answers from the column
“LanguageWorkedWith.” Each response has multiple answers in this column divided
by a semicolon. We loop through these answers and split them by semicolon, and
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save them in an array. We use this array to visualize the used programming lan-
guages using the “countplot()” and “annotate()” function.

Listing 3.16: Programming Languages used by Students

Programming Languages Desired by Students

In Listing 3.17, we use the “LanguageDesireNextYear” column to visualize the pro-
gramming languages desired by students. Initially, we remove the empty answers
from the column “LanguageDesireNextYear.” Each response has multiple answers
in this column divided by a semicolon. We loop through these answers and split
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them by semicolon, and save them in an array. We use this array to visualize the
desired programming languages using the “countplot()” and “annotate()” function.

Listing 3.17: Programming Languages desired by Students

Web Frameworks used by Students

In Listing 3.18, we use the “WebFrameWorkedWith” column to visualize student’s
used web frameworks. Initially, we remove the empty answers from the column
“WebFrameWorkedWith.” Each response has multiple answers in this column di-
vided by a semicolon. We loop through these answers and split them by semicolon,
and save them in an array. We use this array to visualize the used web frameworks
using the “countplot()” and “annotate()” function.
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Listing 3.18: Web Frameworks used by Students

Web Frameworks desired by Students

In Listing 3.19, we use the “WebFrameDesireNextYear” column to visualize the web
frameworks desired by students. Initially, we remove the empty answers from the
column “WebFrameDesireNextYear.” Each response has multiple answers in this
column divided by a semicolon. We loop through these answers and split them by
semicolon, and save them in an array. We use this array to visualize the desired web
frameworks using the “countplot()” and “annotate()” function.
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Listing 3.19: Web Frameworks desired by Students

Why Students visited Stack Overflow

In Listing 3.20, we use the “SOVisitTo” column to visualize student’s purpose to
visit Stack Overflow. Initially, we replace all the empty answers in the “SOVisitTo”
column with “No Answer” for a better visualization experience. Each response has
multiple answers in this column divided by a semicolon. We loop through these
answers and split them by semicolon, and save them in an array. We use this array
to visualize the reasons behind student’s visits to SO using the “countplot()” and
“annotate()” function.
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Listing 3.20: Why Students visited Stack Overflow

What Students want on Stack Overflow

In Listing 3.21, we use the “SONewContent” column to visualize new content stu-
dents would like to see on Stack Overflow. Initially, we replace all the empty answers
in the “SONewContent” column with “None of the above” for a better visualization
experience. Each response has multiple answers in this column divided by a semi-
colon. We loop through these answers and split them by semicolon, and save them
in an array. We use this array to visualize the new content students would like to
see on Stack Overflow using the “countplot()” and “annotate()” function.
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Listing 3.21: What Students want on Stack Overflow
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3.3.5 Survey at Chemnitz University of Technology

Stack Overflow’s annual developer survey only has closed questions. This analysis
is not sufficient to answer the research question about the learning factor on Stack
Overflow. To answer the research questions more broadly, a survey with open ques-
tions is carried out among students from universities in Germany, especially students
from the Chemnitz University of Technology.

3.3.6 Survey Planning
Goals

e Goal 1: Analyze how Stack Overflow has helped students compared to a
different source.

o Goal 2: Analyze the challenges faced by students on Stack Overflow while
learning a new programming language.

e Goal 3: Analyze the improvements in the learning experience suggested by
students on Stack Overflow.

Participants

The plan is to let a minimum of 50 participants take the survey. The participants
are computer science students studying at a university in Germany, especially at the
Chemnitz University of Technology. We do not pay the participants. The purpose
of this survey is explained to the participants, and the participant’s motivation is
to share the results of the research with them once the results are analyzed.

Survey Materials

The survey is divided into the following four sections with their subsequent questions.

1. Participant Profile
a) Are you a student at the Chemnitz University of Technology?
b) Do you have any experience working with web development?

¢) Do you have any experience or interest in learning at least one of the
Javascript frameworks or libraries? (e.g. Angular, Reactjs, Vuejs, Nodejs
etc)

d) Have you ever used a Q&A platform like Stack Overflow to solve your
coding problems?
2. Helpfulness on Stack Overflow

a) Open Question: While solving a coding problem, how Stack Overflow
helped you compared to a different source?
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b) Do you think you can learn a programming language or any framework /li-
brary with the help of Stack Overflow?

¢) On a scale of 1 - 5. How much will you rate your learning experience on
Stack Overflow?
3. Learning Challenges on Stack Overflow

a) Open Question: What challenges do you face on Stack Overflow while
learning a new language/framework /library?

b) Do you think Stack Overflow can be a valuable resource/tool for learning?

4. Learning Improvements for Stack Overflow

a) Open Question: How can Stack Overflow improve its platform to become
a Q&A based learning platform?

b) When learning a programming language or a framework /library, how will
you rank your learning methodology? [YouTube, Official Documentation,
Q&A Websites, Other Resource]

3.3.7 Survey Execution
Procedure

o The survey is to be carried out online with the help of Google Forms.

e The responses are collected and stored in Google Drive and can be accessed
with the help of Google Sheets.

o Participants were sent a link to the survey via different communication chan-
nels (WhatsApp, E-Mail.)

Deviations

e The participants can be from different universities other than the Chemnitz
University of Technology.

o Participants can be recently graduated students working as a full-time profes-

sional.

3.3.8 Survey Analysis Procedure

o Closed questions are represented on a quantitative basis.

e Open questions are evaluated based on Open Card Sorts. Similar data is
grouped in Open Card Sort, and these groups are labeled and represented
quantitatively. [44].
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4.1 Popular JavaScript Frameworks

« RQ-1: What are the most in-demand JavaScript frameworks in 20197

4.1.1 Stack Overflow Trends
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k @ angular
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Figure 4.1: Stack Overflow Trends Results [45]

Figure @ shows the percentage of questions of each JavaScript framework asked
on Stack Overflow. Angular was the leading JavaScript framework with around 3
% share at its peak of all the questions asked on Stack Overflow from 2016 to 2019.
React.js was growing gradually along with Angular since 2014 but crossed Angular
in 2019 and now has the highest percentage of questions in 2020 (August) asked on
Stack Overflow among JavaScript frameworks with a 5 % share. Vue.js is slowly
gaining momentum with around 1 % of questions on Stack Overflow.

4.1.2 Node Package Manager

Figure @ shows the download statistics of our selected JavaScript frameworks from
2016 to 2020. React.js is leading from 2016 to 2020 (August) with around 6 million
downloads in 2019 to reaching 8 million downloads in 2020. Angular and Vue.js
statistics are similar to a difference of a few thousand downloads. Both are down-
loaded around 2 million times in 2020 (August).
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Downloads in past 5 Years .
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Figure 4.2: NPM Trends Results [@]

4.1.3 Google Trends
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Figure 4.3: Google Trends Results [@]

Figure 1.3 shows the popularity of keywords worldwide on Google from 2016 to 2019.
The popularity of 100 is peak popularity, and 50 is half popularity, and 0 means
there was not enough data [@l]D The keyword “vue” has the highest popularity
score most of the time of around 90 at the end of 2019. The keyword “react” has a
popularity of 54, and the keyword “angular” has a popularity of 27. These keywords
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do not directly correspond to the JavaScript framework and are considered a regular
term by the search engine.

4.1.4 Answering RQ-1

React.js, Vue.js, and Angular are already the most wanted web frameworks according
to the Stack Overflow annual developer survey 2019, as shown in Figure B.1. We
studied the download statistics, Google search trends, and Stack Overflow trends
of these frameworks. React.js turned out to be the most downloaded framework
and most asked tag on Stack Overflow, followed by Angular and Vue.js; Whereas
Vue.js is the most popular keyword on Google search engine, followed by React.js
and Angular.

4.2 Learning Factor on Stack Overflow

« RQ-2: How is Stack Overflow helping developers learn JavaScript frame-
works?

4.2.1 Categorizing the Data

Manual Classification

JS Framework | Manual Classification
R
-

Table 4.1: Manual Classification Results - Top 500 Posts

Table Ell shows the result of manual classification, which is considered the ground
truth for the automated classification of the top 500 posts. The result shows the
number of posts classified in the question category of “Review” and “Learning” for
each JavaScript framework. Angular and React.js have 4 posts classified into the
“Learning” category. Angular has 89 posts, and React.js has 115 posts classified into
the “Review” category. Vue.js has 105 posts classified into the “Review” category
and has no posts classified into the “Learning” category. We skip the learning
category for Vue.js for automated classification, as there were no posts classified
into the “Learning” category. As this result is considered as the ground truth, the
performance metrics for the same is assumed to be 100 % accurate. Precision, Recall,
and Matthews Correlation Coefficient (MCC) is considered to be 1.
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Automated Classification

JS Framework | Automated Classification
Angular Lﬁifi@g 312

Table 4.2: Automated Classification Results - Random 150 Posts

Table @ shows the result of the automated classification of random 150 posts. This
automated classification is carried out with the help of the regex approach. The
result shows the number of posts classified in the question category of “Review”
and “Learning” for each JavaScript framework. Angular and React.js have 1 post
classified into the “Learning” category. Angular has 32 posts, and React.js has 41
posts classified into the “Review” category. Vue.js has 32 posts classified into the
“Review” category.

4.2.2 Performance Metrics

JS Framework | Automated Classification | Precision | Recall | MCC
Angulr Learning s 0w
Reactjs Lﬁiﬁ?ﬁig 0.%97 0.25 0}87
Vie s Tovion T oss | oo

Table 4.3: Performance Metrics - Automated Classification

Table @ shows the performance metrics of automated classification results using
the regex approach to classify posts into question categories. Posts with the tag
“Angular” is classified into the correct question category with an average precision,
recall, and MCC of 1, 0.91, and 0.93, respectively. Posts with the tag “Reactjs” is
classified into the correct question category with an average precision, recall, and
MCC of 0.98, 0.92, and 0.93, respectively. Posts with the tag “Vue.js” is classified
into the correct question category with precision, recall, and MCC of 1, 0.88, and
0.92, respectively. In this scenario, higher precision is preferred over recall because
we aim to classify posts arguing that we do not classify a post instead of classifying
posts in a wrong question category [[12]. A higher precision states that the posts
were correctly classified into question categories.
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4.2.3 Answering RQ-2

Initially, we manually classified the Stack Overflow questions into question categories
to find the ground truth for our automated classification. The ground truth is used
as a base for automated classification using the regex approach. Considering the
“Learning” and “Review” category as one category, just “Learning,” the automated
classifier classified 33 posts for Angular, 42 posts for React.js, and 32 posts for Vue.js
from an independent dataset of 150 questions with an average precision of 0.99.
Angular and Vue.js have the same amount of learning content on Stack Overflow,
while React.js has a slightly higher learning content on Stack Overflow. The presence
of learning content on Stack Overflow indicates that apart from just asking and
answering questions related to JavaScript frameworks, Stack Overflow also helps
the community members to learn and get familiar with these JavaScript frameworks
with the content being generated. Henceforth, it is extremely beneficial for the
developers to learn and get familiar with JavaScript frameworks while visiting these
Stack Overflow posts, which promotes learning.

4.3 University Students in Germany on Stack
Overflow

« RQ-3: How are university students in Germany learning JavaScript frame-
works on Stack Overflow?

4.3.1 Stack Overflow Annual Developer Survey Results

Student Status

Germany: Student Status

Yesr rull-time -20-4%

Yes, part-time 6.2%

Answers

I prefer not to say Il'_"r%

o 1000 2000 3000 4000
Answer Count

Figure 4.4: Student Status

Figure @ shows the participant’s status concerning studying at a university in
Germany or working professionally. 20.4 % percent of the participants are full-time
students in Germany, and 6.2 % are part-time students in Germany. We consider
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20.4 % full-time and 6.2 % part-time student responses for further analysis to look
at student’s thought processes.

Student Age Group

Age Groups

[¥a]
] 31 to 40 years 10.0%
>
= 41 to 50 years ILO%
=L
Older than 50 years |0'6%
Younger than 15 years 0.3%6
o] 200 400 a00 200

Answer Count

Figure 4.5: Student Age Group

Figure @ shows the age group of students who participated in the survey. 58.6 %
of the students are between the age of 21 to 30 years. Even students from the age
group of 15-20 years constitute 21.5 % of the participants.

Student Education Level

Figure @ shows the education level of students who participated in the survey.
The majority of the students, about 36.8 % have only completed a secondary level
of education. 29.7 % of students have a bachelor’s degree, and 15.5 % of students
have a master’s degree. 10.8 % went to a university but did not get a degree yet.

Education Level of Students

Secondary school (e.g. American high school, German Realschule or Gymnasium, etc.) 36.8%

Bachelor's degree (BA, BS, B.Eng., etc.) _29'?%
Master’s degree (MA, MS, M.Eng., MBA, etc.) _15'5%
Some college/university study without earning a degree _10'8%
Associate degree .2-5%
Other doctoral degree (Ph.D, Ed.D., etc.) Il.U%
Professional degree (|D, MD, efc.) IO.B%
Primary/elementary school 0.4%

Answers

I never completed any formal education 0.2%
0 100 200 300 400 300 600
Answer Count

Figure 4.6: Student Education Level
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Student Undergraduate Major

Undergraduate Major of Students

Computer science, computer engineering, or software engineering [ AL6%

Another engineering discipline (ex. civil, electrical, mechanical) 6%
A natural science (ex. biology, chemistry, physics) se%
Mathematics or statistics [lIZ-6%
¢ Information systems, information technology, or system administration W%
g A business discipline (ex. accounting, finance, marketing) ll's%
z Web development or web design pLs%
<

A humanities discipline (ex. literature, history, philosophy) Ilo%

A social science (ex. anthropology, psychology, political science) 11-0%
| never declared a major Iu'5%

Fine arts or performing arts (ex. graphic design, music, studio art) |[l.4%

A health science (ex. nursing, pharmacy, radiology) 0.1%
0 100 200 300 400 500 600

Answer Count

Figure 4.7: Student Undergraduate Major
Figure @ shows the major specialization in the students who are doing or completed
their undergraduate degrees. 41.6 % of students have chosen their specialization in

computer science in their undergraduate degree.

Programming Languages used by Students

Languagues Used

Answers
3
A I
w0
&

Scala [IN4-2%
Objective-C [[11113.9%
Dart [12-8%
WebAssembly .1-0%
Erlang ID-S%
Clojure .0'8%
Fa [10-7%

Elixir [JO-7%
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Answer Count

Figure 4.8: Programming Languages used by Students
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Figure @ shows the programming languages used by the students from Germany
who participated in the survey. The top programming languages used by students
are HTML/CSS, JavaScript, Java, Python with 60.1 %, 59.8 %, 57.9 %, and 53.7 %

respectively.

Programming Languages desired by Students

Languagues Desire
51.9%

Answers

other(s): [N 7%
Assembly [I——E 7%
swift [ s 6%
WebAssembly IS 1%
r. [, -
Ruby 7%
Scala [ 5%
Dert [ +-3%
Elixir [003-3%
P [2-4%
Objective-C [ 2-1%
Erlang [1]2:0%
Clojure -1'8%

VBA -1. 3%
(] 100 200 300 400 500 600 700 800

Answer Count

Figure 4.9: Programming Languages desired by Students

Figure @ shows the programming languages desired by the students to work with
in the future from Germany. The top programming languages desired by students
are Python, JavaScript, HTML/CSS, Java with 51.9 %, 41 %, 39.7 % and 35 %

respectively.

Web Frameworks used by Students

Figure @ shows the web frameworks used by the students from Germany who
participated in the survey. The top web frameworks used by students are jQuery,
Angular/Angular.js, React.js, Spring, Express with 29.5 %, 18.2 %, 15.5 %, 12.8 %,
and 12.1 % respectively. 4 out of these 5 frameworks are JavaScript frameworks.
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Web Framewroks Used
29.5%

jQuery
18.2%

Angular/Angular.js
15.5%

React.js

Spring

Express

Vue.js

Flask

Answers

ASP.NET

Django

Laravel

Other(s):

Ruby on Rails
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Figure 4.10: Web Frameworks used by Students

Web Frameworks desired by Students

Web Framewroks Desire
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Figure 4.11: Web Frameworks desired by Students

Figure shows the web frameworks desired by the students work with in the
future from Germany who participated in the survey. The top web frameworks
desired by students are React.js, Vue.js, Angular/Angular.js, jQuery, Spring with
20.2 %, 17.3 %, 16.8 %, 14.7 %, and 10.8 %, respectively. 4 out of these 5 frameworks
are also JavaScript frameworks.
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Why do students visit Stack Overflow?

Why Visit Stack Overflow

Find answers to specific questions 98.3%
1.9%

Learn how to do things I didn’t necessarily look for
Contribute to a library of information -21-8%

Pass the time / relax -13-2%

Get a sense of belonging to the developer community -15'3%

Answers

Meet other people with similar skills or interests 3.5%

No Answer 0-3%

o

250 500 750 1000 1250 1500
Answer Count

Figure 4.12: Why Students visited Stack Overflow

Figure shows the list of reasons why students visit Stack Overflow. Students
were allowed to check more than one answer. 98.3 % of students came to Stack
Overflow to find answers to specific questions. Other reasons were not so much used
to visit Stack Overflow.

Opinions on new content types

New Content on Stack Overflow

Tech articles written by other developers 55.3%

Courses on technologies you're interested in

Tech meetups or events in your area

Answers

Industry news about technologies you're interested in

24.3%

None of the above

[=]

200 400 600 800
Answer Count

Figure 4.13: Opinions on new content types

Figure shows the opinions of students they want to see on Stack Overflow.
About 55.3 % would like to see technical articles written by other developers, and
the least exciting topic is industry news about technologies. 24.3 % of students said
they don’t want to see anything new on Stack Overflow.
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4.3.2 Student’s Survey Result

Participant’s Background

Are you a student at the Chemnitz University of Technology?

72 responses

@ Yes

@ Student atan another University in
Germany

@ No (I am a professional developer)

Figure 4.14: Participant’s Background

Figure shows the participant’s status concerning studying at the Chemnitz
University of Technology or a university in Germany or working professionally. 43.1
% of the participants are students at the Chemnitz University of Technology, and
23.6 % are students at another university in Germany.

Web Development Experience

Do you have any experience working with Web Development?

72 responses

@ Yes
® No

Figure 4.15: Web Development Experience

Figure shows the web development experience of participants. 76.4 % of par-
ticipants have experience in web development.
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Interest/Experience in JavaScript Frameworks

Do you have any experience or interest in learning at least one of the Javascript Frameworks or
libraries? (e.g. Angular, Reactjs, Vuejs, Nodejs etc)

72 responses

® Yes
@ No

Figure 4.16: Interest/Experience in JavaScript frameworks

Figure shows the experience with JavaScript frameworks of participants. 81.9
% of participants have experience and interest in JavaScript frameworks.

Stack Overflow Usage

Have you ever used a Q&A platform like Stack Overflow to solve your coding problems?

72 responses

@ Yes
® No

Figure 4.17: Stack Overflow usage

Figure shows the usage of Stack Overflow for solving coding problems of partic-
ipants. 86.1 % of participants have used Stack Overflow to solve coding problems.
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Helpfulness on Stack Overflow

How Stack Overflow is helpful ?

Specific Solution

Easy Correct Answer

One Stop Shop

un
E Fast / Responsive 2.6%
3

Good Explainations 8.2%

Trust - Community 6.8%

Never used SO 5.5%
0.0 2.5 5.0 7.5 10.0 12.5 15.0
Label Count

Figure 4.18: Helpfulness on Stack Overflow

Figure shows labels of how Stack Overflow helped participants compared to
a different source. The answers were the free thoughts of the participants. This
result information is processed using an open card sort method and presented as
labels. The majority of the participants, about 21.9 % said Stack Overflow provided
a specific solution to them, while 6.8 % of participants said they trust the Stack
Overflow community.

Learning with Stack Overflow

Do you think you can learn a programming language or any framework/library with the help of

Stack Overflow?
72 responses

@ Yes
® No

Figure 4.19: Learning with Stack Overflow

Figure shows the percentage of participants whether they can learn a pro-
gramming language or any framework with the help of Stack Overflow. 52.8 % of
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4 Results

participants said they could learn with the help of Stack Overflow. On the other
hand, 47.2 % of participants said they could not learn with Stack Overflow.

Rating the Learning Experience

On a scale of 1- 5. How much will you rate your learning experience on Stack Overflow
72 responses

40

35 (48.6%)

30

20 22 (30.6%)

13 (18.1%)

0 (?%) 2 (2.8%)

1

N
w
IS
)

Figure 4.20: Rating the Learning Experience

Figure shows participant’s self-evaluation for their learning experience on Stack
Overflow on a scale of 1 to 5 where 1 is Very Dissatisfied, 2 is Dissatisfied, 3 is
Neutral, 4 is Satisfied, and 5 is Very Satisfied. 48.6 % of participants are satisfied,
and 30.6 % of participants are neutral about their learning experience, while 2.8 %
are dissatisfied.

Challenges faced on Stack Overflow

Learning Challenges on Stack Overflow
15.1%

Inefficient answers

15.1%

Searching problems/solutions

Difficult to learn / understand 13.7%

Entry Barrier

Labels

Multiple answers

Mo Challenges

Unanswered Questions

o
8]

4 6 8 10
Label Count

Figure 4.21: Challenges faced on Stack Overflow
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Figure shows the labels of what challenges participants face on Stack Overflow
while learning a new language or a framework. The answers were the free thoughts
of the participants. This result information is processed using an open card sort
method and presented as labels. 15.1 % of participants said that inefficient answers
and searching problems or solutions are the most faced challenges on Stack Overflow.
13.5 % said it is difficult to understand the answers, while 6.8 % of participants said
there is an entry barrier and Stack Overflow has multiple answers. 2.7 % said
unanswered questions are the challenges they faced.

Stack Overflow: Learning Tool?

Do you think Stack Overflow can be a valuable resource/tool for learning?

72 responses

@ Yes
® No

Figure 4.22: Stack Overflow: Learning Tool?

Figure shows whether the participants think Stack Overflow can be a valuable
tool or not. 83.3 % of participants think that Stack Overflow can be a valuable tool
for learning.

Improvements on Stack Overflow

Figure shows the improvements suggested by participants for Stack Overflow
to become a Q&A based learning platform. The answers were the free thoughts
of the participants. This result information is processed using an open card sort
method and presented as labels. Most of the participants, about 17.8 % do not
require any improvements on Stack Overflow. 15.1 % of participants would like to
see the questions on Stack Overflow in a classified way. 11 % of participants would
like to see technical articles and videos. 6.8 % of participants would like to remove
inefficient answers and improve answering standards on Stack Overflow.
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Suggested Improvements for Stack Overflow

No Improvements Needed | 8%
Classifying Questions [ Is. 1%
Tutorials - Articles / Videos _11-0%
Improve Answering Standards _5-8%
Remove Inefficient Answers _6-8%
Chat with Developers _4-1%

Introducing Difficulty Levels .1-4%
Easing Entry Barrier .1-4%

Labels

Focus on Unanswered Questions .1'4%
0 2 4 6 8 10 12

Label Count

Figure 4.23: Improvements on Stack Overflow

Rank Learning Methodology

When learning a programming language or a framework/library, how will you rank your learning

methodology?

I YouTube Tutorial [ Learning through the Official... [ Q&AWebsites like Stack Ove... [l Other Resource

First Choice Second Choice Third Choice Fourth Choice

Figure 4.24: Rank Learning Methodology

Figure shows the self-evaluation rankings of participants of their learning
methodology for learning a programming language. YouTube tutorials and official
documentation are the most preferred place to learn a new programming language
or a framework.
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4.3.3 Answering RQ-3

Students in Germany mostly desire to work with Python programming language
and React.js web framework. Students mostly visit Stack Overflow to find answers
to their specific questions. Only half of them visit to learn things they do not need.
Students would like to see tech articles written on Stack Overflow to gain knowl-
edge in various technologies. Challenges faced by students are inefficient answers
on Stack Overflow. Students suggest the questions on Stack Overflow should be
presented in classified form into different categories. A majority of the students
from universities in Germany, especially students from the Chemnitz University of
Technology, considers SO a valuable resource for learning JavaScript frameworks
and are very satisfied with their learning experience on Stack Overflow. However,
YouTube is the first choice for students to learn JavaScript frameworks, followed
by official documentation and Stack Overflow. Learning JavaScript frameworks on
Stack Overflow is beneficial for students, but it comes with some challenges, such as
inefficient answers.
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5 Discussion

In this section, we first summarize and discuss our results.

5.1 Interpretation of Results
« RQ-1: What are the most in-demand JavaScript frameworks in 20197

Our results state that in 2019, React.js is the most downloaded JavaScript frame-
work, followed by Angular and Vue.js with similar download statistics. Most of the
questions on Stack Overflow are asked for React.js, followed by Angular and Vue.js
by the end of 2019. Our results confirmed that React.js, as Brandon Satrom [[L7]
and Eric Wohlgethan [[18] reported, is the most downloaded JavaScript framework.
According to our results, Vue.js has almost similar download statistics compared to
Angular. However, questions asked on Stack Overflow for Vue.js are far less than
the questions asked for Angular. Considering lower questions asked for Vue.js while
having similar download statistics as Angular, these statistics support the studies
reported by Brandon Satrom [[17], Eric Wohlgethan [18], Elar Saks [19], Nicklas Ock-
elberg, and Niclas Olsson [20] that Vue.js has the smallest learning curve compared
to Angular and Reactjs. Also, Vue.js is the most popular googled keyword compared
to the other two frameworks. Our results for download statistics and asked ques-
tions, indicates that in 2019, React.js is the most in-demand JavaScript framework,
followed by Angular and Vue.js. However, the continuous evolution of various JS
frameworks can replace the most in-demand JS framework in 2019 with some other
framework in the future based on its ability to draw the developer community’s
attention with a new set of features better than the existing framework.

« RQ-2: How is Stack Overflow helping developers learn JavaScript frame-
works?

Our results support the method of classifying Stack Overflow posts into question
categories by Stefanie Beyer, Christian Macho, Martin Pinzger, and Massimiliano
Di Penta [12]. We combined the question category “Review” and “Learning” as
“Learning,” because the questions and answers classified in the review category have
more of a learning content in them. On a sample of 150 random questions for
each framework, the automated classifier based on the ground truth from manual
classification classified 33 posts for Angular, 42 posts for React.js, and 32 posts for
Vue.js for the “Learning” category with an average precision of 0.99. Based on our
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results, we can state that Angular and Vue.js have the same amount of learning
content on Stack Overflow, while React.js has a slightly higher amount of learning
content on Stack Overflow. Almost a quarter of our independent dataset promotes
learning content indicating that Stack Overflow helps developers learn JavaScript
frameworks mentioned in the thesis. The presence of learning content on Stack
Overflow suggests that apart from just asking and answering questions related to
programming, SO also helps the community members to learn and get familiar with
programming, enhancing their problem-solving skills. Developers can benefit from
spending time on Stack Overflow to learn some new concepts. Still, it is subjective
for each developer on which answer the developer is concentrating more on, an
efficient solution with a high score or an inefficient solution with a low score. While
Angular and Vue.js have the same amount of learning content on Stack Overflow
based on our dataset, it somehow contradicts the claims by Brandon Satrom [L7],
Eric Wohlgethan [18], Elar Saks [19], Nicklas Ockelberg, and Niclas Olsson [20]
that Vue.js has the smallest learning curve and Angular has the steepest learning
curve. The presence of learning content on Stack Overflow also indicates that these
JavaScript framework’s official documentation might be expressed in a complicated
way that is not easy for developers to understand. The JavaScript frameworks can
simplify their official documentation because answers on Stack Overflow will not
always be efficient enough, which can negatively impact developers.

« RQ-3: How are university students in Germany learning JavaScript frame-
works on Stack Overflow?

Around 1558 students from universities in Germany participated in the Stack
Overflow annual developer survey 2019 [5]. The participants are majorly from the
computer science background, mostly between the age group of 15-30. The top web
frameworks participants desired to work with are React.js, Vue.js, and Angular. The
majority of the participants visit Stack Overflow to find answers to their specific ques-
tions and would like to see articles and courses by other developers in the future. We
surveyed some open questions with students from universities in Germany, majorly
from the Chemnitz University of Technology. Majorly the participants were from
a web development background and had an interest or experience with JavaScript
frameworks. The participants found Stack Overflow helpful for specific solutions to
questions and the availability of easy and correct answers. This finding supports
the Stack Overflow annual developer survey result on why participants visit Stack
Overflow. The most common challenges faced by participants on Stack Overflow
are inefficient answers and the considerable effort to search for a problem or a so-
lution. Lastly, they faced difficulty in understanding the answers. The majority
of the participants think Stack Overflow can be a valuable tool for learning and
suggested some improvements for Stack Overflow. The participants indicated that
the questions on Stack Overflow should be classified into question categories so that
it is easy to find a problem or solution. They also suggested they would like to see
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articles and videos of different technologies on Stack Overflow. Some other sugges-
tion includes removing inefficient answers and improving the answering standards.
Learning on Stack Overflow can be useful for students. Still, it can positively or
negatively impact them based on the efficiency of the answers, because the most
common challenges faced by the participants were inefficient answers available on
Stack Overflow. Stack Overflow helps students learn to program, but it does not
guarantee logical thinking enhancement due to inefficient answers. The learning
experience is also subjective to every individual user as well.
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6 Threats to Validity

Threats to construct validity concerns the use of Stack Overflow to learn JavaScript
frameworks. The construct is measured by classifying Stack Overflow posts into
question categories, especially the “Learning” and “Review” category. The measure
of this construct is entirely accurate, with an average classifier precision of 0.99.

Threats to internal validity concern the selection of Stack Overflow posts for man-
ual classification. 500 posts were selected, which had an accepted answer, and their
question score and answer count were greater than their average. These posts had 92
% confidence and 8 % margin of error. Manual classification can be biased because
a single researcher carried it out. There can be a difference of opinions between
researchers about classifying a post into a specific question category, resulting in
the different ground truth used for automated classification. The results of auto-
mated classification are drawn from a sample size of 150 random posts. Results may
vary depending on the sample size, but it is still useful to get a glimpse inside the
diverse data found on Stack Overflow. Another threat to internal validity concerns
is interpreting the participant’s answers to the survey’s open questions. There is no
ground truth for analyzing this kind of data. We still interpreted the data using the
open card sort technique. We classify similar data under the same category in the
open card sort technique and represent it quantitatively. The controversial answers
were carefully examined to minimize any potential classification error.

Threats to external validity concern the generalizability of our results for the
interpretation of data on Stack Overflow. The posts retrieved from Stack Overflow
are related to tags “angular,” “reactjs,” and “vue.js”. Learning content on Stack
Overflow can differ for different JavaScript frameworks on Stack Overflow. The
results are useful to study the data of only these JSF on Stack Overflow. Another
threat to external validity is the recruited participant’s opinions in the survey. For
the open questions, participants expressed their views regarding Stack Overflow.
The survey was carried out online using Google forms. The kind of communication
and the environment can differ from face-to-face interviews, but an online survey
helps understand the developer community’s thought process.
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7 Conclusion

This thesis investigated the most in-demand JavaScript frameworks in 2019 and how
Stack Overflow helps developers learn JavaScript frameworks. We also analyzed
the various experience of students from Germany, especially from the Chemnitz
University of Technology, while learning JavaScript frameworks with Stack Overflow.

As a first step, we identified the most in-demand JavaScript framework by ana-
lyzing the most downloaded framework on NPM and the most searched keywords
among these frameworks on Google search engine. We also studied the frequency of
questions asked on Stack Overflow using Stack Overflow trends, which can be the
deciding factor for a particular framework’s difficulty to learn. Based on our quan-
titative analysis of the JavaScript frameworks, it can be concluded that React.js is
the most in-demand JavaScript framework in 2019, followed by Angular and Vue.js.
The results indicated that Vue.js has the smallest learning curve with the least num-
ber of questions asked on Stack Overflow with almost similar download statistics to
that of other frameworks.

As a second step, we analyzed the data of Angular, React.js, and Vue.js on
Stack Overflow by categorizing them into different question categories, especially
the “Learning” and “Review” category. Initially, manual classification is carried
out on Stack Overflow posts with a high score and accepted answer metrics. Later,
an automated classification is carried out on independent datasets using regex and
keywords from the manual classification. The classifier has an average precision of
0.99. The results confirm the presence of learning content on Stack Overflow. The
results indicated that apart from just asking and answering questions related to
JavaScript frameworks, Stack Overflow also helps the community members to learn
and get familiar with these JavaScript frameworks.

As a third step, we analyzed the responses of full-time and part-time students
from the Stack Overflow annual developer survey 2019. We also surveyed students
from Germany, especially from the Chemnitz University of Technology, and ana-
lyzed their responses. Students in Germany mostly desire to work with Python
programming language and React.js web framework. Students mostly visit Stack
Overflow to find answers to their specific questions. Students would like to see tech
articles written on Stack Overflow to gain knowledge in various technologies. A
majority of the students from universities in Germany, especially students from the
Chemnitz University of Technology, considers Stack Overflow a valuable resource
for learning JavaScript frameworks and are very satisfied with their learning ex-
perience on Stack Overflow. However, YouTube is the first choice for students to
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7 Conclusion

learn JavaScript frameworks, followed by official documentation and Stack Overflow.
Learning JavaScript frameworks on Stack Overflow is beneficial for students, but it
comes with some challenges, such as inefficient answers.

The overall research contributes towards showcasing the rising trends within the
growing JavaScript framework ecosystem. Further, it highlights the presence of
learning content on Stack Overflow for JavaScript frameworks such as Angular, Re-
act.js, and Vue.js. It also highlights the thought processes of a small amount of
student population in Germany, which can be considered the forthcoming genera-
tions entering the workforce. Stack Overflow helps to develop problem-solving skills
as it benefits developers and students to get familiar with programming. The learn-
ing experience on Stack Overflow does not always benefit the user due to inefficient
answers on Stack Overflow. Still, Stack Overflow can be regarded as a viable plat-
form for developers and students to develop new creative ideas solving real-world
problems.

For future work, the rising trends in JavaScript frameworks can be calculated
based on their real-time applications. The tech-stack of real-time applications can
be found using StackShare [48] and Wappalyzer [49]. JavaScript frameworks should
consider simplifying their official documentation as the thesis found learning content
on Stack Overflow, which ideally should not be the case. Classification of Stack
Overflow questions can help recommender systems based on Stack Overflow, such as
Seahawk [b0] and Prompter [51]. For researchers, the research about learning content
can be extended to a large amount of data spread across various other programming
languages and web frameworks. A new study on the impact of learning from Stack
Overflow based on the efficiency of answers can be initiated. For developers, a tool
or a plugin can be a viable option to present classified questions of Stack Overflow.
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