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ABSTRACT

Researchers use datasets of Question-Solution pairs to train machine learning
models, such as source code generation models. A Question-Solution pair contains two
parts: a programming question and its corresponding Solution Snippet. A Solution
Snippet is a source code that solves a programming question. These datasets of
Question-Solution pairs can be extracted from a number of different platforms. In
this research, I study how Question-Solution pairs are extracted from Stack Overflow
(SO). There are two limitations of datasets of Question-Solution pairs extracted from
SO: (1) according to the authors of these datasets, some Question-Solution pairs
contain Solution Snippets that do not solve the question correctly, and (2) these
datasets do not contain the information on how Solution Snippets need to be reused,
and such information would enhance the reusability of Solution Snippets. These
limitations of datasets of pairs could adversely affect the quality of the code being
generated by machine learning models. In this research, I conducted a qualitative
study to categorize various presentations of Solution Snippets in SO’s answers as well
as how Solution Snippets can be adapted for reuse. By doing so, I identified eight
categories of how Solution Snippets are presented in SO’s answers and five categories
of how Solution Snippets could be adapted. Based on these results, I concluded several
potential reasons why it is not easy to create datasets of Question-Solution pairs. The
first categorization informs that finding the correct location of the Solution Snippet
is challenging when there are several code blocks within the answer to the question.
Subsequently, the researcher must identify which code within that code block is the
Solution Snippet. The second categorization informs that most Solution Snippets
appear challenging to be adapted for reuse, and how Solution Snippets are potentially
adapted is not explicitly stated in them. These insights shed light on creating better

quality datasets from questions and answers posted on Stack Overflow.
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Introduction

Machine learning models for source code generation® ([4,16}|35,136,42]), querying
source code snippets? ([39,/52]), and source code summarization® ([28]) need to be
trained using pairs of programming problems and their corresponding source code
that solve them. Such pairs are called Question-Solution pairs in this thesis. A
Question-Solution pair has two parts: (1) a natural language text that explains a
programming question and (2) the source code that solves it (throughout this thesis,
I call the source code that solves a programming question a Solution Snippet). A good
Question-Solution pair is one in which the question is succinct and clearly stated, and
its Solution Snippet precisely answers the question [54]. In the context of this thesis,
a dataset is of high quality if it is composed of good pairs. To create better machine
learning models, such high-quality training datasets are needed [54]. Otherwise, the
errors in the training dataset would propagate to the machine learning models that
are being generated [3§].

In order to create datasets of Question-Solution pairs, researchers often use Stack
Overflow?, a social media Q&A platform, because it contains programming questions
and Solution Snippets in one place [4,28,51},53,/54]. They have created datasets of
Question-Solution pairs by pairing the title of a question with a Solution Snippet
in one of its answers. Usually, the title of a Stack Overflow’s question precisely

summarizes the programming problem [47]. Once the title is extracted, the researchers

LA source code generation model aims to generate a code given a natural language description [4].

2A code search model measures the similarity of semantics between a natural language description
and a collection of source code to find the most relevant source code in the collection [52].

3 A source code summarization model aims to generate a natural language description (a comment)
for a given piece of source code [28].

‘https://stackoverflow.com/
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have to extract the Solution Snippets. Because Solution Snippets are embedded within
the text and code blocks in answers, it is challenging to extract Solution Snippets to

create good Question-Solution pairs; I will explain why in the following two sections.

1.1 Motivation

For this study, I used Stack Overflow’s questions that are likely to be answered with
Solution Snippets. Such questions are called how-to questions in this thesis. A how-
to question provides a scenario and asks how to implement it [34]. Several other
researchers have also identified how-to questions as a key category of Stack Overflow’s
questions [12,|13]146,55]. For example, the question “How can I check if a key exists
in a dictionary?”| (a Python question) is a how-to question, and it is expected to

contain Solution Snippets in its answers.

Another method is has_key() (if still using Python 2.X):

Inline code snippet

>>> a={"1":"one","2": "two"}

>>>|a.has_key("1") [«—sSolution Snippet

True

f
Code block

Figure 1.1: An answer to the question “How can I check if a key exists in a dictionary?”

Figure shows the second top-scored answer to the above question. As shown
in this figure, source code® in answers to Stack Overflow’s questions is typically found
within code blocks and code snippets inline with the text. In this answer, the Solution
Snippet (annotated in blue) is found within the code block and does not span the en-
tire code block. To create a Question-Solution pair, researchers could pair the title of
the above question with this Solution Snippet. The rest of the source code within the
code block shows how to initialize the variable a (used in the Solution Snippet) with
a sample input ({"1":"one","2":"two"}) and the corresponding output of the Solu-
tion Snippet. Even though this extra source code is not part of the Solution Snippet,
it contains contextual information about the reusability of this Solution Snippet—

how the variable a needs to be initialized when reusing. Because such contextual

5Source code in Stack Overflow is enclosed with <code> tags in the HTML markup. If a <code>
tag is enclosed within a <p> (paragraph) tag, it will be rendered as a small grey code snippet in line
with the text on the website; otherwise, it will be rendered as a large grey section (a code block)
that is separated from the text.
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information is potentially useful to train machine learning models to generate source
code, the researchers might have to extract extra source code and Solution Snippets
within code blocks separately when extracting datasets of Question-Solution pairs
from Stack Overflow.

On the other hand, the question | “What s the difference between a function expres-
ston vs declaration in JavaScript?” is not a how-to question. It requires the answers
to provide an explanation, and it is not expected to contain Solution Snippets in its
answers. Thus, a Question-Solution pair cannot be extracted from this question and
its answers.

One way to create a dataset of Question-Solution pairs from Stack Overflow is
by manual extraction, which usually yields high-quality datasets [31}[50], but it is
a laborious task. Because the manually extracted datasets often contain a small
number of pairs, they may not be sufficient to train sophisticated machine learning
models [31},50].

The other way to create a dataset of Question-Solution pairs is by automatic ex-
traction. The existing automated methods ([4,28,53}[54]) have created large datasets,
but those are of poor quality [31,50]. Some authors have paired questions’ titles to
the entire code blocks in their answers, assuming that Solution Snippets always span
over entire code blocks [4,28,53]. Also, the authors of [53}/54] have acknowledged that

some pairs in their datasets are incorrect.

1.2 Problem

The overarching research problem of this study is:

“It is challenging to automatically extract high-quality datasets of

Question-Solution pairs from Stack Overflow.”

The following are the requirements of a high-quality dataset of Question-Solution

pairs and any corresponding challenges.


https://stackoverflow.com/questions/1013385/
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The natural language text of a Question-Solution pair should correctly de-
scribe a programming problem. Authors of Stack Overflow’s questions take
reasonable care to create titles that summarize problems (in natural language),

and it is easy to extract the problem from the title of a question [2842,47].

The Solution Snippet of a Question-Solution pair should correctly solve
the programming problem [54]. When manually curating datasets, re-
searchers are able to identify and extract Solution Snippets from the rest of the
source code within code blocks, and this requirement is usually satisfied [31,/51].
In automatic extraction, it is challenging to extract correct Solution Snippets
from answers, and some Solution Snippets extracted by existing methods are
known to be incorrect [31,53,54].

The information on how Solution Snippets need to be adapted for reuse
should be documented. It is not easy to identify how to adapt Solution
Snippets for reuse (whether to change the variables, data, or parameters, among
others). Such information often has not been considered when creating the

existing datasets of Question-Solution pairs.

The number of Question-Solution pairs should be large enough to train
some machine learning models [50]. Since Stack Overflow claims® to have
over 22 million programming questions and 32 million answers as of November
2021, it is a rich source to extract Question-Solution pairs. Datasets created
by automated methods are large and often scalable [31},50]. However, manually

curated datasets are not large enough to train some machine learning models
[31,50].

In summary, researchers require large, high-quality datasets of Question-Solution
pairs to train some machine learning models, but it is challenging to create such
datasets. There is a trade-off between the number of Question-Solution pairs and the
quality of their Solution Snippets. In addition, identifying the reusability aspect of

Solution Snippets is also not easy.

Shttps://stackexchange.com/sites
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1.3 (Goal and Research Questions

The overarching goal of this study is to:

Understand how Solution Snippets are presented in Stack Overflow’s answers
and how those Solution Snippets need to be adapted for reuse (specifically for
the purpose of creating datasets of Question-Solution pairs to train machine

learning models).

The expected beneficiaries of this study are the researchers who create auto-
matic extractors for creating datasets of Question-Solution pairs from Stack Over-
flow. When extracting Solution Snippets to create such datasets, the researchers may
require answers to several questions, including the following: Where are Solution
Snippets located in Stack Overflow’s answers (within code blocks and/or inline with
the text)? If a Solution Snippet appears within a code block, does it spans the entire
code block? If not, what is extra source code within code blocks? Are there multiple
Solution Snippets within a code block? The following research question of this study

aims to give researchers the understanding to answer the above questions.

RQ1. How are Solution Snippets presented in Stack Overflow’s

answers?

Once how Solution Snippets are found in Stack Overflow’s answers is identified,
the researchers have to understand how Solution Snippets need to be adapted for
reuse. In a Solution Snippet, there could be different parts that have to be adapted
for reuse. If so, what are those parts? How do those parts need to be changed? Are
there any Solution Snippets that can be reused as they are? The objective of the next

research question of this study is to find answers to the above questions.

RQ2. How are Solution Snippets potentially adapted in order to be

reused?

The answers to the above two research questions give researchers an understand-
ing of what are Solution Snippets and how they could be potentially reused. This
understanding would help researchers push the boundaries of the state-of-the-art auto-
matic extractors designed to extract Solution Snippets to create datasets of Question-

Solution pairs from Stack Overflow.



1.4 Research Design and Methodology

This study takes the constructivist worldview to design its methodology. The con-
structivist worldview is focused on “understanding the world and making sense of the
meanings that others have about the world” [17]. It is suitable when a research prob-
lem is broadly defined and when research questions are exploratory. In this study,
the research questions aim to explore how Solution Snippets are presented in answers
and how they are potentially adapted for reuse; thus, the research questions are ex-
ploratory. Having such research questions in this study matches the constructivist
worldview.

“The constructivist worldview is typically seen as an approach to qualitative re-
search” [17]. Unlike quantitative research methods designed to measure variables
and test hypotheses, qualitative research methods are designed to understand a phe-
nomenon, a concept, etc. Thus, researchers often code the data to create categories,
themes, and theories in qualitative research [17]. Hence, I designed a qualitative study

as outlined below. There are two main parts of this study:

1. Identifying a collection of how-to questions which are likely to contain Solution

Snippets in their answers.

2. Coding the answers to these how-to questions and creating two categorizations,

one for each research question.

For this study, Stack Overflow’s questions and answers of the three most popu-
lar” programming languages were used: JavaScript, Java, and Python. 1 obtained
the top-1000 questions for each language from SOTorrent [8] database, ranked by
the score® in descending order. In the first part of this study, three coders (including
myself) classified batches of those questions until 100 how-to questions were identified
for each language (300 how-to questions in total).

For the second part of the study, the coders coded Solution Snippets (in the
answers) to the how-to questions until they reached the saturation of the categories.
In Section I will provide a detailed description of the coding process followed in

order to identify the categories.

Thttps://stackoverflow.com/tags
8The score of a question or an answer on Stack Overflow is the number of upvotes minus downvotes
for it. The score indicates the popularity of a question or an answer.
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1.5 Results and Contributions

This qualitative study resulted in two categorizations, one for each research question:

(1) a categorization of how Solution Snippets are presented in answers and (2) a

categorization of the reusability aspects of Solution Snippets.

By analyzing these

categorizations, I identified potential reasons why it is challenging to extract Solution

Snippets to create high-quality datasets. Lastly, the manually annotated dataset of

this study is made available for reproducibility and traceability. I describe these

contributions in detail below.

1.5.1 A categorization of how solution snippets are presented

in answers

This is the answer to RQ1. It has eight categories, and they are briefly described in

Table [I1I

Table 1.1: Methods used to present the solution snippet in an answer (the answer to RQ1).

Categories

Description

The Solution Snippet is inlined
with the text

The Solution Snippet is not in a code block in the
answer, but appear inline with natural language
text in the answer.

The code block contains only the
Solution Snippet

The answer contains only one code block and, the
Solution Snippet spans this entire code block.

The answer contains more than
one Solution Snippet

The answer contains more than one Solution Snip-
pet to solve the question.

The code block that contains
the Solution Snippet also contains
sample inputs/outputs

The code block contains an exemplary usage of
the Solution Snippet (i.e., inputs and/or outputs)
in addition to the Solution Snippet.

The code blocks in the answer
contain — in addition to the So-
lution Snippets— inputs and code
snippets copied from the ques-
tion’s body

The Solution Snippet in the code block contain
code snippets, inputs, and /or data provided in the
question’s body.

The Solution Snippet is an exam-
ple of a programming concept

The Solution Snippet is not a precise solution, and
it is an example of a programming concept.




The answer does not contain So-|No Solution Snippet is found in the answer.

lution Snippets

The answer contains Solution|The answer contains at least one Solution Snippet
Snippets for related problems that is not a solution to the original question be-

ing asked in the title of the question, but it is a
Solution Snippet to a closely related question.

1.5.2 A categorization of the reusability aspects of solution

snippets

This is the answer to RQ2. It has five categories, and they are briefly described in

Table [[.2L

Table 1.2: Categories for the reusability of solution snippets (the answer to RQ2).

Categories

Description

As-is

The Solution Snippet does not require any changes to be adapted
to the target source code, and it could be reused as is with a
simple copy-and-paste

User-defined func-
tions

The Solution Snippet is presented as an entire function (a user-
defined function). Thus, it is ready to be reused but requires a
function call in order to be adapted to the target source code.

Placeholders

The Solution Snippet contains sections that need to be com-
pletely removed or replaced in order to be adapted to the target
source code. Such sections are called placeholders in this thesis.

Customizable vari-
ables and /or data

The Solution Snippet contains variables and/or data that require
customization in order to be adapted to the target source code.

Conceptual

The Solution Snippet exemplifies a certain concept in the pro-
gramming language. Thus, such Solution Snippets are often not
straightforward to be adapted to the target source code. It is a
concept that should be understood and adapted for reuse.

1.5.3 An analysis of the above two categorizations.

By reflecting on the first categorization (how solution snippets are presented in an-

swers), I identified a list of potential reasons why it is challenging to find and

extract Solution Snippets:

e Solution Snippets may be found either within code blocks or inline with the

text. Notably, some answers contain more than one Solution Snippet (either

within the same or in separate code blocks) and Solution Snippets that solve a




different question other than the one in the question’s title. Thus, it is not easy
to identify where Solution Snippets are found in an answer to a Stack Overflow’s

question.

e A Solution Snippet is often surrounded by ancillary code (source code that is
not part of the actual Solution Snippet to the problem) within a code block,
and it is challenging to separate a Solution Snippet from ancillary code. There
are several types of ancillary code: (1) example uses of the Solution Snippet, (2)
the output of the Solution Snippet and (3) supplementary code snippets such

as variable initializations.

In the second categorization (the reusability aspects of solution snippets), the first
two categories (As-is, User-defined functions) appear easy to be reused. As-is Solution
Snippets can be copied and pasted when reusing, and User-defined functions require
a function call, often specifying the function arguments. The last three categories
(Placeholders, Customizable variables and/or data, Conceptual) appear challenging

to reuse and require understanding the source code to be customized:

e There are several types of placeholders (e.g. print statements, comments, call to
alert function, etc.), and there is no consistency of authors on what to use as
placeholders; for example, an author may use a print statement, while another
author uses an ellipse as a placeholder. When adapting Solution Snippets con-
taining placeholders, the placeholders need to be identified and replaced with

the actual source code.

e Customizable variables and/or data must be identified and replaced with the
actual variables and values in the target source code where the Solution Snippet

is reused.

e Conceptual Solution Snippets appear to be the most challenging ones to be

reused. How such Solution Snippets need to be adapted for reuse is not apparent.

1.5.4 A manually annotated dataset

For reproducibility and traceability of this research, the manually annotated dataset is
made available at [6]. This dataset consists of 300 how-to questions and their answers
that were coded during this study. More details about this dataset are provided in
Appendix [C]
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1.6 Thesis Outline

This thesis is organized as follows.

Chapter 2 elaborates the background information on the motivation for this work,
including the limitations of the existing datasets of Question-Solution pairs and
the existing categorizations that describe the nature of questions and answers

on Stack Overflow.

Chapter 3 presents this study’s goal and research questions, the philosophical world-
view taken to design this study, the research design, and my role as a researcher

in this study.

Chapter 4 presents the findings of this study, the two categorizations: (1) how
Solution Snippets are presented in answers and (2) how Solution Snippets need

to be reused.

Chapter 6 describes how the results of this study further expand and complement

the prior work.
Chapter 5 discusses the findings of this study and the threats to the validity.

Chapter 7 concludes the study and describes the future directions.
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2
Background

I begin this chapter with a description of the nomenclature used by other researchers
regarding Solution Snippets in Stack Overflow and the definition of a Solution Snip-
pet within the context of this thesis (Section . Then, I introduce the existing
datasets of Question-Solution pairs and describe their limitations (Sections and
2.3). Finally, I present the prior categorizations related to Stack Overflow’s Solution
Snippets and explain why new categorizations are needed to understand the potential
reasons for the limitations of the existing datasets (Section [2.4)).

2.1 Solution Snippets

Even though there are several methods to create datasets of Question-Solution pairs,
there is no agreed definition of what a Solution Snippet of Stack Overflow’s question is.
Allamanis et al. [4] and Iyer et al. [28] considered a code block as a Solution Snippet.
Yao et al. [53] defined a code solution as a code block that contains a solution to
a specific programming problem. Yin et al. [54] referred to the contiguous lines! of
source code within a code block “that implements the description in a question’s title”
as a snippet.

The existing definitions have a Stack Overflow-centric view of Solution Snippets
within code blocks. In the context of this study, I want to understand what is a Solu-
tion Snippet beyond code blocks in Stack Overflow. Thus, I define a Solution Snippet
as one or more portions of source code that solve a specific programming question (a

portion could be a part of a line or several lines). This definition is independent of

'For example, the contiguous lines in code block having three lines are line 1, line 2, line 3, lines
1&2, lines 2&3, and lines 1,2,&3.
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code blocks in Stack Overflow, unlike the existing definitions; a Solution Snippet could
be inline with the text or within code blocks; a Solution Snippet within a code block
may not span over the entire code block and could be composed of either contiguous
or non-contiguous lines of source code; a Solution Snippet may span over multiple
code blocks as well. For example, Figure shows an excerpt from the accepted
answer to the question | “How do I sort a dictionary by value?”| (only two of the six
code blocks that belonged to this answer are shown). Each of these two code blocks
contains a Solution Snippet, which is annotated in blue. Each Solution Snippet in
this example does not span the entire code block and is surrounded by ancillary code
(the source code that is not part of the Solution Snippet within a code block is called
ancillary code): the REPL? prompt (>>>), the code required to demonstrate the use
of the Solution Snippet, and the output of the REPL. To create a Question-Solution
pair, an automatic extractor needs to extract any of these Solution Snippets and pair

them with the question’s title.

Python 3.7+ or CPython 3.6

Dicts preserve insertion order in Python 3.7+. Same in CPython 3.6, but
it's an implementation detail.

5% % 2 (48 72y EIR fly 4lg =) 7 Gl (R (B
>>> Kk: v for k, v in sorted(x.items(), key=lambda item: item[l])H
{0: @, 2: 1, 1: 2, 4: 3, 3: 4}

or Solution Snippets

>>>|dict(sorted(x.items(), key=lambda item: item[l]))l
@8 @, 28 i, 8 2 48 3y 38 &

Figure 2.1: An excerpt of an accepted answer showing its first two code blocks. Each of
them contains a Solution Snippet that is surrounded by ancillary code.

In this case, the ancillary code within the first code block contains key-value
pairs that are not relevant to the question and not part of the Solution Snippets.
However, this ancillary code shows how the variable x needs to be initialized for reuse.
Because such ancillary code contains contextual information about the reusability of
Solution Snippets, it is potentially useful when training machine learning models to
automatically generate source code well adapted to a target source code. Thus, it
would be useful to extract the Solution Snippet as well as such ancillary code within

code blocks when creating datasets for machine learning purposes.

2Read-eval-print loop or language shell


https://stackoverflow.com/questions/613183/
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In some cases, neither the Solution Snippet nor the ancillary code contain contex-
tual information about how a Solution Snippet need to be adapted for reuse. In such
cases, it would be useful to tag different parts in a Solution Snippet that need to be
adapted for reuse. For example, Figure [2.2| shows an excerpt of the accepted answer
to the question “How do you clone an array of objects in JavaScript?” Its code block
contains a Solution Snippet (annotated in blue) that does not span the entire code
block; the variable that holds the result of this Solution Snippet is ancillary code
which is not part of the Solution Snippet. In this case, neither the Solution Snippet
nor the ancillary code show that variable nodesArray in the Solution Snippet needs
to be replaced with the variable name of an array (and/or initialized with an array)
when reusing the Solution Snippet.

A general solution, that accounts for all possible objects inside an Array of
objects may not be possible. That said, if your array contains objects that
have JSON-serializable content (no functions, no

Number.POSITIVE_INFINITY, etc.) one simple way to avoid loops, at a
performance cost, is this pure vanilla one-line solution.

let clonedArray =|JSON.parse(JSON.stringify(nodesArray))

f

Solution Snippet

Figure 2.2: An excerpt of an answer having a Solution Snippet with a variable named
nodesArray that needs to be replaced when reusing.

2.2 Datasets of Question-Solution pairs that were
extracted from Stack Overflow and their limi-

tations

Researchers have been extracting Solution Snippets from Stack Overflow to create

datasets of Question-Solution pairs:

e Yan et al. [51] manually annotated 26 Question-Solution pairs by selectively
choosing posts from Stack Overflow by manually checking the correctness of

Solution Snippets and correcting when required.

e Allamanis et al. [4] created a dataset of Question-Solution pairs from Stack

Overflow by using all the code blocks in its answer as Solution Snippets. How-


https://stackoverflow.com/q/597588/4758606
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ever, they ignored the code blocks that contain more than 300 characters, as-

suming that shorter code blocks will be more likely to contain Solution Snippets.

e Iyer et al. [28] created a dataset of Question-Solution pairs by pairing the ti-
tles of how-to questions with the code blocks in their accepted answers if those
answers contain only one code block. They discarded all the questions that con-
tain multiple code blocks in the accepted answer (thus ignoring many potential

Question-Solution pairs).

e Yao et al. [53] trained a neural network to extract a dataset of Question-Solution
pairs from Stack Overflow: given a how-to question and its accepted answer as
input, this neural network predicts whether each code block in this answer is a
Solution Snippet to the question or not. They paired the code blocks predicted

as Solution Snippets with the question’s title to create Question-Solution pairs.

e Yin et al. [54] created a dataset of Question-Solution pairs from Stack Over-
flow using a machine learning model. Given a code block in an answer to a
how-to question as input, their machine learning model is capable of classify-
ing contiguous lines of source code within the code block into two classes: “a
snippet” or not. They paired the title of a question with the contiguous lines
of source code that were classified into the class “a snippet.” This model was
initially trained using a large dataset of Question-Solution pairs extracted by
pairing the title of a question to the only code block in its accepted answer (as
done in [28]). Later, the model was fine-tuned using 254 manually extracted

Question-Solution pairs.

Table shows the limitations of these datasets. While Stack Overflow provides
a method to specify code blocks using its Markdown dialect, it does not help distin-
guish between code blocks that contain only Solution Snippets and ones that contain
ancillary code. Thus, a major limitation of several of these datasets (|4,2853]) is that
they consider a Solution Snippet to be the entire code block (thus including ancillary
code). To address this issue, some researchers have ignored large code blocks and
answers that contain more than one code block [4,28]. In addition, the authors of
two datasets that were created using machine learning have acknowledged that some
extracted pairs contain incorrect Solution Snippets [53,54]. Other researchers also
have shown that Question-Solution pairs extracted from Stack Overflow are of poor

quality, and they have discussed the need for a better dataset of pairs [31}50].
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Table 2.1: Limitations of existing datasets of Question-Solution pairs created from Stack

Overflow
Source Description of  the | Limitations
dataset
Yan et al. | This dataset contains 26
[51] Java Question-Solution | ® According to [50], manually curated
pairs that were manually datasets may be too small to train
curated. machine learning models.
Iyer et al. | This  dataset  contains
[28] 145,841 Question-Solution | ® The authors discarded all the ac-
pairs of C# and 41,340 cepted answers with more than one
Question-Solution pairs of code block.
]IS)QL‘aﬁjnpalzhgasu;;if’i They considered that a Solution
ti}’; lepto th§ code b?ock i its Snippet spans over an entire code
block.
accepted answer.
Another study has stated that this
dataset contains pairs of poor quality
[31].
Allamanis | This  dataset  contains '
et al. [4] 53,743  Question-Solution The authors considered that a So-
pairs of C#. A pair was lution Snippet spans over an entire
created by pairing the code block.
question’s t1t1'e to all t.h © They removed the code blocks that
code blocks in all of its .
contain more than 300 characters, as-
ANSWELS. suming that only shorter code blocks
will contain Solution Snippets.
Yao et al. | This dataset contains 148k
[53] Question-Solution pairs in According to its authors and others

Python and 120k Question-
Solution pairs in SQL that
were automatically mined
using machine learning.

[31], this dataset contains Question-
Solution pairs with incorrect Solu-
tion Snippets.

The model used to mine this dataset
considered that a Solution Snippet
spans over an entire code block.
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Yin et al.
[54]

This dataset contains 600k
Question-Solution pairs of
Java/python automatically
mined using machine learn-
ing.

This dataset contains low-quality pairs

[50]. The authors acknowledged that

the machine learning model used to cre-

ate this dataset:

e is biased towards detecting a large
number of contiguous lines of code
as a Solution Snippet to a question,

e detects incorrect Solution Snippets
to some questions,

e identifies examples as Solution Snip-
pets to some questions, and

e identifies Solution Snippets and the
ancillary code snippets that sur-
rounds the Solution Snippets (such
as examples, REPL outputs, etc) as
Solution Snippets to some questions.

Lastly, Solution Snippets composed of

non-contiguous snippets within a code

block are not identified by the ma-
chine learning model used to create this
dataset.




17

In contrast to automatically curated datasets, manually curated datasets usually
contain high-quality pairs. However, there are several limitations; on the one hand,
manually curated datasets often contain a small number of pairs and are not sufficient
to train machine learning models [31]; on the other hand, Stack Overflow is not
optimized to highlight the Solution Snippet (sometimes there are multiple Solution
Snippets), and the researcher has to read the whole answer to identify the Solution
Snippet, which is labour-intensive.

Lastly, for machine learning applications to generate Solution Snippets adapted
to the target source code, the information about the possible ways of adapting a
Solution Snippet in the training dataset is potentially useful. Such information is not

considered when creating the existing datasets.

2.3 Datasets of Question-Solution pairs that were
extracted from non-Stack Overflow sources and

their limitations

Even though the context of this thesis is Stack Overflow, other sources (such as
GitHub?, API documentations, etc.) have been used to create datasets of pairs.
Researchers who used GitHub to create datasets have paired docstrings of Python
functions to their function bodies — a language-specific method [9,(16,27,29]. How-
ever, such datasets often contain poor-quality Question-Solution pairs [27]. Besides,
not every project on GitHub has docstrings (that describe the source code) declared,
and extracting the natural language text from GitHub may not always be straight-
forward [9]. In Oda et al.’s [37] study, human annotators manually curated a dataset
of Question-Solution pairs from GitHub even though it was a labour-intensive task.
Lu et al. [32] created a dataset of Question-Solution pairs using questions in the web
query logs of a commercial search engine. For each programming-related question in
the logs, the authors paired the top two Solution Snippets in Husain et al.’s dataset
([27]) that shows the highest similarity® scores (to the question) computed by an

existing code search model ([20]). In addition, researchers have mined tutorials and

3https://github.com/

1Feng et al.’s [20] model (CodeBERT) first encoded the questions and the Solution Snippets in
a dataset as vectors (in a vector space). Then, the model calculated the similarity score between a
given question and a Solution Snippet by taking their dot product. The top Solution Snippet that
matches a given question is the Solution Snippet that has the highest dot product with the question.


https://github.com/
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API documentations to create datasets [14,50]. According to other studies, the So-
lution Snippets found in such sources are simpler than those required in practice in
order to train better machine learning models [9,/48]. Lastly, researchers have also
created datasets that are limited to specific domains, such as the dataset of Text-Bash

command pairs created by Lin et al. [31].

2.4 Categorizations of Stack Overflow’s questions

and answers, and their limitations

Previous researchers have categorized Stack Overflow’s questions and answers, and
how developers reuse Stack Overflow’s code blocks. The following are the limita-

tions of the existing categorizations with respect to locating, extracting and reusing
Solution Snippets (see Table .

e Allamanis et al. [3], Rosen et al. [44], Treude et al. [46], and Beyer et al. [10-12]
presented categorizations of Stack Overflow’s questions, but they did not inspect

the Solution Snippets in answers.

e Nasehi et al. [34] categorized Stack Overflow’s questions and the recognized an-
swers® to those questions. They did not consider whether a code block contains

a Solution Snippet or not.

e Zagalsky et al. [55] categorized questions and answers posted on Stack Overflow
and the R-help mailing list. When categorizing answers, they focused on the
text, ignoring source code; their categories describe how the text in answers
explains the code blocks (for example, whether the text describes the code

blocks step by step).

e Wu et al. [49] categorized how Stack Overflow’s code blocks attributed in
GitHub; their categories describe how developers had adapted the source code

that originated from Stack Overflow in GitHub projects.

°In [34], a recognized answer is an answer that is either an accepted answer or an unaccepted
answer with a normalized score of 0.4 or more.
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In summary, there are several limitations of the existing categorizations with re-
spect to how Solution Snippets are located, extracted and adapted for reuse. First,
some categorizations only described how questions look like but not answers [3),10-
12,/44}/46]. Second, the categorizations that described how answers look like did not
differentiate between code blocks that contain Solution Snippets and the ones that do
not [34,/49,55]. Third, other categorizations barely described how Solution Snippets
need to be adapted for reuse [34,55]. Lastly, the categorizations that described the
reusability of Solution Snippets ([49]) looked at how developers actually reuse Stack
Overflow’s Solution Snippets on GitHub, but not the potential ways to adapt Solution

Snippets (which is the information needed for machine learning models).
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Table 2.2: Existing categorizations and limitations with respect to locating Solution Snippets
in answers and the reusability of Solution Snippets

Source \ Description of the research \ Limitation
3L [10f
12, 144, | ® In all these studies, the authors catego- | e Inspected the questions in
46) rized questions in Stack Overflow. Stack Overflow and not
the answers.
Nasehi
ot e Categorize 163 Java Stack Overflow Did not consider whether
al. [34] questions that contain code blocks in code blocks contain a So-
their answers. lution Snippet or not.
e Identified four categories of questions
and nine categories (which they called
attributes) of recognized answers in
Stack Overflow.
Zagalsky
ot e Categorized R questions posted on Did mnot describe the
al. [55] Stack Overflow, their answers, and source code within code
emails in the R-help mailing list. blocks in answers: for ex-
ample, whether the code
e Identified ten categories of questions block contains a Solu-
and nine categories of answers in Stack tion Snippet, whether the
Overflow. code block contains ancil-
e Described how the text in answers ex- lary code, etc.
plains the code blocks: for example,
whether the text is like a tutorial that
explains the code step by step, whether
the text provides clues or suggestions
without actually solving the question
and whether the text provides an ex-
ternal link to a solution, etc.
Wu et
al. [49] | ® Studied source code that originated Categorized how source

from Stack Overflow and attributed in
GitHub projects, concentrating on how
they had been adjusted for reuse in
GitHub.

code originated from
Stack Overflow is uti-
lized by developers in

GitHub (irrespective of
the potential aspects of
reusability of the Stack
Overflow’s source code).
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3
The Approach

Researchers require high-quality datasets of Question-Solution pairs to train better
machine learning models. However, there are limitations in existing datasets [31,[50]
(as described in Chapter[2); on the one hand, there is a trade-off between the quality of
pairs and the number of pairs when creating a dataset; on the other hand, it is not easy
to identify how Solution Snippets need to be adapted for reuse and incorporate that
information into datasets. This chapter aims to describe an approach to understand
why the aforementioned are challenging. I begin this chapter by presenting the goal
and research questions that guided this study (Section [3.1). Then, I describe why
the constructivist worldview is chosen to design this study, and I detail the research
design (Sections and . I end this chapter by describing my role as a researcher
in this study (Section [3.4).

3.1 Research Goal and Research Questions

The basic conjecture of this thesis is that the understanding of how Solution Snip-
pets are presented in Stack Overflow’s answers and how Solution Snippets need to be
reused will help researchers improve current methods to create datasets of pairs from

Stack Overflow. Hence, the overarching goal of this study is to:

“Understand how Solution Snippets are presented in Stack Overflow’s

answers and how those Solution Snippets need to be adapted for reuse.”
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The two research questions addressed in this study are:

e RQI. How are Solution Snippets presented in Stack Overflow’s answers?

e RQ2. How are Solution Snippets potentially adapted in order to be reused?

3.2 The Philosophical Worldview of this Study

According to Creswell et al. [17], identifying the philosophical worldview will help
explain why a researcher chose a qualitative, quantitative, or mixed-methods approach
for the research. I begin describing what a philosophical worldview is and the four
most prominent philosophical worldviews. Then, I describe why this study takes a
constructivist worldview to design its methodology.

In literature, there are several definitions for the philosophical worldview. Guba et
al. [23] define the philosophical worldview as “a basic set of beliefs that guide actions.”
Cresswell et al. [17] define the philosophical worldview as “a general philosophical ori-
entation about the world and the nature of research that a researcher brings to a
study.” Other nomenclatures used for the philosophical worldview are epistemologies
and ontologies, and paradigms [19,24]. There are four prominent philosophical world-

views:

Postpositivist worldview (reductionist method). The research focuses
on “identifying and assessing the causes that influence outcomes, such
as those found in experiments” [17]. The researchers tend to leverage
quantitative research more than qualitative research. The researchers
reduce the ideas into a collection of “variables that comprise hypotheses
and research questions.” Then, the researchers collect data and check if

the data support the hypotheses or not [17].

Constructivist worldview. The research focuses on “understanding the
world or making sense of the meanings that others have about the world”
[17]. The research problems are broadly defined, and research questions
are often exploratory. The researchers tend to leverage qualitative re-

search, and those methods are usually emergent.
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Transformative worldview. The research focuses on the marginalized
groups in society and their needs [17]. This type of study also leverages
qualitative methods. Unlike the constructivist worldview, in the trans-
formative worldview, researchers may get help from the participants of
the study to collect data, analyze data, etc. By doing so, the researchers
raise awareness among the marginalized people and may propel a plan

to improve their lives [17].

Pragmatic worldview. The researchers emphasize the research problem
and leverage all the suitable approaches that best meet the requirements
of the research problem [17]. Therefore, pragmatists often use mixed
methods that are comprised of both qualitative and quantitative methods
[17].

The research questions of this study are exploratory because they aim to explore
how Solution Snippets are presented in Stack Overflow’s answers and how Solution
Snippets are potentially adapted for reuse. Therefore, this study takes the construc-
tivist worldview.

As mentioned before, the constructivist worldview is usually an approach to qual-
itative research [17]. In contrast to quantitative methods that measure variables
and test hypotheses, qualitative methods are designed to organize data into codes
to build patterns and categories — and in some cases, induce theories [18}25]. Ac-
cordingly, I designed a qualitative study to find answers to the research questions by

coding Stack Overflow’s Solution Snippets.

3.3 Research Design

The qualitative study designed in this research is illustrated in Figure [3.I] It has

two main parts:

1. Identifying a collection of how-to questions which are likely to contain
Solution Snippets in their answers: In order to study Solution Snippets,
I needed a collection of how-to questions. Accordingly, 300 top-scored how-to
questions were identified from the SOTorrent database [§] (Sections and
3.3.2).
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2. Coding the answers to these how-to questions: By coding the top-scored
answers to how-to questions, two categorizations were identified (Section .
In particular, for RQ1, a categorization of how Solution Snippets are presented
in answers was identified. For RQ2, a categorization of how Solution Snippets

need to be adapted for reuse was identified.

Stack Overflow Identify how-to questions
questions downloaded from SOTorrent: which are likely to contain 300 how-to Code the answers to how-
1000 top-scored Solution Snippets in their —» e to questions
questions for each language: answers 4 (Section 3.3.3)
JavaScript, Java, and (Section 3.3.2)
Python ¢
(Section 3.3.1) Il

The main contributions of
this study:

1.A categorization of how

Solution Snippets
are presented in answers
2. A categorization of

the reusability aspects of

Solution Snippets

Figure 3.1: An overview of the research design

The design is described in detail below.

3.3.1 Data Collection

For this research, I chose the three most popular! programming languages on Stack
Overflow: JavaScript, Java, and Python. For each language, I obtained the 1000
top-scored questions from the SOTorrent database [§] (the schema is available in
appendix . Since only how-to questions are likely to contain Solution Snippets in
their answers, I had to identify a collection of how-to questions to study Solution

Snippets.

3.3.2 Identifying how-to questions which are likely to contain
Solution Snippets in their answers
A how-to question in Stack Overflow is a question that is likely to be answered with

Solution Snippets. The process to distinguish how-to questions from other questions

required an analysis of the questions obtained from the SOTorrent database. The

Thttps://stackoverflow.com/tags
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process was iterative, as shown in Figure . In each iteration, three coders (including
myself) classified a batch of Stack Overflow’s questions into two main classes: “a how-
to question” or “not a how-to question.” The coders iteratively classified batches of
questions until the Fleiss’ Kappa Statistic had exceeded a threshold of 0.9, which is
higher than the substantial strength of agreement suggested by Landis et al. [30] (the

Cohen’s Kappa coefficient is not used since there were more than two coders).

[ i N ‘

. Stack Overflow Sample a collection of (,lnf:;]f ){ ebaclh (!tllel‘stl.on Measure the Is the

questions downloaded from SOTorrent: Stack Overflow > "l‘l“ ’ '“ @bl f:" i » agreement among —> agreement
A 1000 top-scored questions (D7D QST O the coders >0.9

questions for each language: not
JavaScript, Java, and |
Python Yes
(Section 3.3.1)
Classify new question Ensure all the
til 100 how-tt revi y
300 how-to llll‘l. ! ow-to previously coded
i question from each answers are correctly
questions language is identified. classified.

Figure 3.2: The process I used to identify how-to questions.

I describe the process followed in a single iteration below.

1. Sampling a batch of Stack Overflow questions: The score of the question
was used as a proxy for importance when selecting questions, and in each it-
eration, the next 15-60 top-scored questions were obtained. To classify these
questions, I prepared three identical Google sheets, one for each coder. Each
Google Sheet included three main columns: “question’s title,” which was pop-
ulated with the titles of the questions selected for the iteration, “question’s
URL,” which was populated with the URLs of those questions, and “class,”
which was left empty for the coders to indicate the class of each question. I
distributed the editable links to these Google sheets among the three coders to

classify questions independently.

2. Classifying each question either as a how-to question or not: Because
the title is often sufficient to classify a question, each coder read the titles of the
questions (provided in the Google sheet for the particular iteration) to classify
them; according to the title, if a question was likely to contain Solution Snippets
in its answers, the coder classified it as “a how-to question,” and “not a how-to
question” otherwise. Especially in the first three iterations, if the class of a
question was unclear, the coder navigated to the URL and looked at the body

of the question to classify it; if the class was further unclear, the coder labelled
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it “maybe a how-to question.” Having the latter class allowed some freedom for
the coders to choose neither of the main classes: “a how-to question” nor “not

a how-to question.”

In the subsequent iterations, choosing between two classes instead of three forced
the coders to select either of the two main classes. By doing so, it ensured high

agreement levels among the coders.

3. Calculating the intercoder agreement, discussing the disagreements,
and revising the classification: At the end of each iteration, I measured the
level of agreement among the coders by calculating the Fleiss’ Kappa Coefficient.
When there was a disagreement on a particular question’s class (including the
ones that were classified as “maybe a how-to question” by at least one coder),
the coders discussed it and refined the understanding of the classification, and

then, the coders revised the classes of such questions.

Table 3.1: The number of questions classified, the number of how-to questions, the number
of coders, the agreement at the end of iteration

[teration | The number | Number The number | The Fleiss’
of questions | of  how-to | of coders kappa
classified questions statistic

identified

1 21 12 3 0.22

2 21 7 3 0.41

3 24 17 3 0.45

4 63 43 3 0.82

5 18 14 3 0.71

6 15 13 3 0.96

7 278 194 1 NA
440 300

The agreement in the first three iterations was low (below the substantial agree-
ment suggested by Landis et al. [30]), but it improved over the subsequent iterations.
At the end of the sixth iteration, the Fleiss’ Kappa statistic was 0.96 with a p-value of
zero, which showed almost perfect agreement. By then, 106 out of 162 (65.4%) ques-
tions had been identified as how-to questions in all iterations. I re-classified those 162
questions to ensure the classification was consistent across previous iterations. Then,
I continued classifying more questions until the number of how-to questions for each
language reached 100. In total, 300 out of 440 (68.2%) questions were identified as
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how-to questions. The sample of 440 questions comprised 135 JavaScript questions,
157 Java questions, and 148 Python questions. Table presents the number of
questions classified in each iteration, the number of how-to questions identified, the

number of coders, and the level of agreement among the coders.

300 how-to Sample a set of ~ Retrieve their | Answers to
questions —>»  how-to questions ” answers how-to
A questions
No Categorization
[ of how solution
snippets are Resolve Code answers: how
AL i presented in discrepancies solution snippet:
categories — ppets
answers and merge £TRo ted
saturated? presente
L similar codes (RQ1)
| Categorization to create new
Yes of solution categories
\ 4 snippets need to Code answers:
categories of
Ensure all the be ag:lll)st:d to reu%ability
previously categorized RQ2)
answers are correctly
categorized.
Iteration
Categorize the Output
answers of remaining
how-to questions

2

The main contributions of this study:
1.A categorization of how Solution Snippets are
presented in answers
2. A categorization of the reusability aspects
of Solution Snippets

Figure 3.3: The methodology used to study Stack Overflow’s answers and solution snippets.

3.3.3 Coding the answers to how-to questions

Once a collection of how-to questions was identified, the three coders (including my-
self) coded the answers to those questions in order to answer the two research ques-
tions of this study. Since the coders started coding without any preconceived ideas of
how the answers and the Solution Snippets in those answers looked like, the process
was iterative, as shown in Figure In a qualitative study like this, the categories
are assumed to be saturated when previously unseen (new) data no longer reveals new
categories |15,17,26]. Thus, the coders coded batches of answers (132 answers) until

the saturation of categories was reached. Lastly, I continued coding (466) answers
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to the remaining how-to questions, ensuring that premature closure of coding ? was

avoided. This coding produced a categorization for each research question.

I describe the process followed in a single iteration below.

1. Sampling a batch of how-to questions: In each iteration, the next 15-60
top-scored how-to questions were used. In the first iteration, only the accepted
answers to the how-to questions (used for the iteration) were analyzed. At this
point, it appeared that some questions contained competing answers having
scores higher than the accepted answer. In subsequent iterations, the coders
analyzed the two top-scored answers to each question irrespective of being an
accepted answer or not. Because the top-scored answers are more likely to
contain the most useful Solution Snippets to pair with titles to create Question-
Solution pairs, studying only the top-scored answers per question is not a critical
threat to the validity of the results.

2. Coding the answers and solution snippets, and resolving discrepancies
between coders: In each iteration, I prepared three identical Google sheets
(one for each coder) to code the answers. The columns were: “the how-to
question’s title,” “the answer’s URL,” a group of columns for categories (one
column for each category identified at the end of the previous iteration) for
corresponding research questions, and a “comment” column for each research
question. Then, I distributed the editable links to these Google sheets among
the coders. The coders were supposed to navigate to the answers’ URLs, study
the Solution Snippets in them, and independently code them in the Google
Sheets.

In the first iteration, the coders did not have any predefined categories for RQ1
and RQ2, and they independently suggested categories for answers in the “com-
ment” columns of the two research questions. Then, the coders discussed the
suggested categories and merged the similar categories. After merging the sim-
ilar categories, the categories for RQ1 at the end of the first iteration were:
“Solution Snippet is a one-liner” (e.g. one function call) and “Solution Snippet

contains multiple function calls.” The categories for RQ2 were: “Solution Snip-

2Premature closure of coding occurs when the categories remain unchanged for quite a while, and
the coders stop coding, assuming the categories are saturated. However, the sample of data used
for coding is not adequate, and coding new data likely reveal new categories.



29

pet is a function definition” (a generic Solution Snippet), and “Solution Snippet

contains specific data & variables” (a specific Solution Snippet).

In following iterations, the coders independently categorized answers into the
categories that were identified at the end of the previous iteration; for each
answer, the coders checked (v') the columns of the categories that the Solution
Snippets in that answer belonged to. If Solution Snippets in an answer did not
belong to any category in the Google sheet, the coder suggested a new cate-
gory in the corresponding research question’s “‘comment” column. At the end
of each coding iteration, the coders discussed their discrepancies (in assigning
categories) and resolved those discrepancies. In addition, the coders merged
any new categories (suggested by them) that looked similar, and occasionally,

the coders merged the existing categories that looked similar.

By the end of the fifth iteration, the categories for the two research questions
were saturated. By then, 132 answers across 102 how-to questions (across the three
languages) had been categorized. In the fifth (final) iteration, I did a pass over the
entire batch of 132 previously coded answers, thereby ensuring that each of them was
assigned to one or more saturated categories. Then, I categorized the (466) answers
to the remaining how-to questions. This was done to avoid premature closure of
coding (as suggested in [2] and [5]) and to code more answers. By the end, 598
Stack Overflow answers across 300 how-to questions were categorized (see Table .
Appendix [B] presents the number of answers studied in each iteration, the number of
coders who participated in coding, and how the categories evolved over iterations.

Lastly, I wrote a description for each category by looking at the Solution Snippets
in a random sample of answers that belonged to the category. Chapter |4| presents the

two categorizations and a detailed description of each category.

Table 3.2: Total number of questions and answers studied

Language | Number of | Number of an-
how-to ques- | swers
tions

JavaScript | 100 200

Java 100 198

Python 100 200

Total | 300 598
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3.4 Researcher’s Role

The method chosen in this study is qualitative, and the researcher’s role impacts the
knowledge produced in a qualitative study [17]. The researcher’s reflections on his/her
role are necessary to understand the bias imposed on his/her interpretations [17]. In
this study, three coders (including myself) classified questions and coded answers; I
will first briefly describe who were the coders and what specific parts of the study
they did. Then, I will describe my reflections on my role as a researcher to understand
the possible bias I may impose on the interpretations in this thesis.

All the coders were programmers and had experience using Stack Overflow as
users. All of them classified 162 questions (as mentioned in Section until they
reached an almost perfect agreement, and I classified the remaining 278 questions.
In addition, the coders coded 132 answers (as mentioned in Section until they
reached the saturation of the categories, and I coded the remaining 466 answers to
ensure that the coders avoided the premature closure of coding.

The bias imposed by a researcher varies depending on whether he/she is an insider
or an outsider to the research [33]. In this study, I have been an insider as well as an
outsider. According to Naaeke et al. [33], having both perspectives are “consequential
for research because they impact the research process, the findings of a study, and the
argument made by the researcher about the implications of these findings.” 1 am an
insider because I have been using Stack Overflow to seek solutions for programming
problems for over five years, and I understand how Stack Overflow works and how a
typical user uses it. I am an outsider because I am not the author of any of Stack
Overflow’s questions and answers studied in this research, and I believe that helped

me code Stack Overflow’s questions and answers impartially.

3.5 Summary

To understand how Solution Snippets are presented in Stack Overflow’s answers and
how those Solution Snippets need to be adapted for reuse, this study took a con-
structivist worldview — an approach to qualitative research. Accordingly, I designed
a qualitative study; three coders (including myself) identified how-to questions on
Stack Overflow and categorized their answers. This resulted in two categorizations,
each answering my two research questions. I believe having both insider and outsider

perspectives helped me categorize Stack Overflow’s answers impartially.
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4

Findings of the Study

In this study, two categorizations were produced to answer my two research questions,
and they are described in detail in Section and Section

4.1 RQ1l. How are solution snippets presented in

Stack Overflow’s answers?

For RQ1, this study produced a categorization of how Solution Snippets are presented
in Stack Overflow’s answers. There are three main categories: (1) Solution Snippets
inline with the text, (2) Solution Snippets within code blocks, and (3) answers that
do not contain Solution Snippets to the original question, and/or the answers that
contain Solution Snippets to related questions (instead of the original question). The
above categories contain eight sub-categories, as shown in Table 4.1, and in this

section, I describe them in detail.

4.1.1 The solution snippet is inlined with the text.

This category corresponds to any Solution Snippet that is embedded within the text
in an answer. In this thesis, such Solution Snippets are called inline Solution Snip-
pets. For example, in the question “How to re-import an updated package while in
Python Interpreter?”, the second top-scored answer (shown in Figure provided
two Solution Snippets inlined with the text (annotated in red). Of the answers that

were studied in this research, 9.5% contained inlined Solution Snippets.


https://stackoverflow.com/questions/684171/
https://stackoverflow.com/questions/684171/
https://stackoverflow.com/a/22894171
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Table 4.1: The answer to RQ1. How are Solution Snippets presented in Stack Overflow’s

answers?

RQ1. How are solution snippets presented in|FrequencyDistribution

Stack Overflow’s answers? of an- |of frequencies
swers

Solution Snippets inline with text

1. The Solution Snippet is inlined with the text:
the Solution Snippet appears inline with natural lan-
guage text in the answer.

o8

-
50 100

lJavaScript Bl Java

150
Python

Solution Snippets within code

blocks

2. The code block contains only the Solution
Snippet: the answer contains only one code block and,
the Solution Snippet spans this entire code block.

163

—
50 100

IlJavaScript Bl Java

150
Python

3. The answer contains more than one Solution
Snippet: the answer contains more than one Solution
Snippet to solve the question.

195

50 100
WlavaScript Bl Java

150
Python

4. The code block that contains the Solution
Snippet also contains sample inputs/outputs: at
least one code block in the answer contains an exem-
plary usage of the Solution Snippet (i.e., inputs and/or
outputs) in addition to the Solution Snippet.

178

50 100
lJavaScript Bl Java

150
Python

5. The code blocks in the answer contain — in
addition to the Solution Snippets— inputs and
code snippets copied from the question’s body:
the Solution Snippet within a code block contains code
snippets, inputs, and/or data provided in the question’s
body.

189

50 100
ElJavaScript Bl Java

150
Python

6. The Solution Snippet is an example of a pro-
gramming concept: the Solution Snippet is not a pre-
cise solution, and it is an example.

69

-
50 100

ElJavaScript Bl Java

150
Python

Answers that do not contain Solution Snippets to the original
question, and/or answers that contain Solution Snippets to
related questions instead of the original question.

7. The answer does not contain Solution Snip-
pets: either a solution is described in the text without a
precise Solution Snippet, or no Solution Snippet is found
in the answer.

22

O
50 100

lJavaScript Bl Java

150
Python

8. The answer contains Solution Snippets for
related problems: the answer contains at least one
Solution Snippet that is not a solution to the original
question being asked in the title of the question, but it
is a solution to a closely related question.

41

50 100
lJavaScript Bl Java

150
Python
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All the answers above about reload() or imp.reload() are deprecated.

reload() is no longer a builtin function in python 3 and imp.reload() is marked deprecated (see
help(imp) ).

It's better to use [importlib.reload()]instead.

Figure 4.1: An answer with an inline solution snippet (annotated in red).

4.1.2 The code block contains only the solution snippet.

This category corresponds to any Solution Snippet that spans the only code block in
an answer. Figure 4.2 shows the second top-scored answer| to the question “Is object
empty?” This answer contains only one code block, and it contains a Solution Snippet

that spans the entire code block: Object.keys(obj).length ===

For ECMAScript5 (not supported in all browsers yet though), you can use:
Object.keys(obj).length === 0

Figure 4.2: An answer containing only one code block in which the solution snippet spans
the entire code block.

4.1.3 The answer contains more than one solution snippet.

This category corresponds to any answer that contains more than one Solution Snip-
pet; in the sample of answers studied in this research, 34.5% of the JavaScript answers,
28.5% of the Java answers, and 34.8% of the Python answers contained multiple Solu-
tion Snippets. There are several reasons why this happens. First, various versions
of the programming language might require different Solution Snippets.
Such cases were frequently observed in answers to JavaScript and Python questions
(there were 35 JavaScript answers, 31 Python answers, and 16 Java answers that
contained Solution Snippets applicable to different programming language versions).
Second, various libraries for the programming language might offer different
Solution Snippets (22 of the answers I studied contained such Solution Snippets).
For example, the first four out of nine Solution Snippets in the accepted answer to the
question | “How do I test for an empty JavaScript object?”| are shown in Figure [4.3|

The first two Solution Snippets correspond to two different JavaScript versions, while


https://stackoverflow.com/a/4994265
https://stackoverflow.com/questions/4994201/
https://stackoverflow.com/questions/4994201/
https://stackoverflow.com/a/32108184
https://stackoverflow.com/questions/679915/
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the other two Solution Snippets correspond to two different libraries. In some cases,

multiple Solution Snippets may be contained in a single code block instead of separate

code blocks (I will discuss these cases in detail in Section [6.2)).

ECMA 5+:
// because Object.keys(new Date()).length === 0;
// we have to do some additional check
obj // = null and undefined check

&& Object.keys(obj).length === @ && obj.constructor === Object
Note, though, that this creates an unnecessary array (the return value of keys ).
Pre-ECMA 5:

function isEmpty(obj) {
for(var prop in obj) {
if(obj.hasOwnProperty(prop)) {
return false;
1
J

}

return JSON.stringify(obj) === JSON.stringify({});
1

J
jQuery:

jQuery.isEmptyObject({}); // true
lodash:
_.isEmpty({}); // true

Figure 4.3: An answer with several blocks containing a solution snippet: the first two are
specific to different JavaScript versions, and the next two use different libraries.

4.1.4 The code block that contains the solution snippet also

contains sample inputs/outputs:

This category corresponds to any code block that contains an exemplary usage of
the Solution Snippet in addition to the Solution Snippet. In particular, a Solution
Snippet could be mixed with source code that corresponds to setting values of input
variables (which are used by the Solution Snippet) and source code that displays the
output variables’ values. In some cases, the code block might also contain the output
of the Solution Snippet, such as when the Solution Snippet is directly copied from the
Python REPL. For example, Figure [4.4] shows a code block with the Solution Snippet
in the accepted answer to the question “How do I get python’s pprint to return a
string instead of printing?”; the code snippets (a) and (c) together form the Solution

Snippet, while code snippet (b) contains example data and code snippet (d) contains


https://stackoverflow.com/a/521545
https://stackoverflow.com/questions/521532/
https://stackoverflow.com/questions/521532/
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the corresponding REPL output.

(a) Solution

>>> |impor‘t ppr‘int Snippet part 1 (b) Example
>>> [people = |
{"first": "Brian", "last": "Kernighan"},
. {"first": "Dennis", "last": "Richie"},
1

(c) Solution

>>> [pprint.pformat(people, indent=4)| guicetpartz (@) Output
"I A ‘first': 'Brian', 'last': 'Kernighan'},\n

{ "first': 'Dennis’', 'last': 'Richie’'}]"

Figure 4.4: A code block with a solution snippet, its input, and its outputs.

4.1.5 The code block that contains the solution snippet also

contains inputs and code snippets from the question’s
body.

This category corresponds to any Solution Snippet within a code block that contains
source code, inputs, or data provided in the question’s body. Whenever an answer
contains Solution Snippets that are developed by either extending the source code
or reusing data provided in the question’s body, it might be useful to compare the
Solution Snippet with the question’s body in order to understand how the Solution
Snippet needs to be adapted for reuse (this is further discussed in Section . For
example, the question | “push multiple elements to array” is shown in Figure [4.5 and
the inline Solution Snippets in its accepted answer are shown in Figure 4.6l The
Solution Snippet a.push.apply(a,[1,2]) reuses the same variable (a) and values
([1,2]) as in the question. The question even presents a fragment of the Solution

Snippet.

4.1.6 The solution snippet is an example of a programming

concept.

This category corresponds to any Solution Snippet that is presented as an example
that illustrates a programming concept. For example, in the question “How to create
a custom callback in JavaScript?”, the entire code block in the accepted answer shown
in Figure 4.7 is the Solution Snippet. Almost all the source code must be replaced

when such a Solution Snippet is being reused. In particular, the functions foo and


https://stackoverflow.com/questions/14723848/
https://stackoverflow.com/a/14723909
https://stackoverflow.com/questions/2190850/
https://stackoverflow.com/questions/2190850/
https://stackoverflow.com/a/2190872
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I'm trying to push multiple elements as one array, but getting an error:
>a =[]

[]
> a.push.apply(null, [1,2])
TypeError: Array.prototype.push called on null or undefined

I'm trying to do similar stuff that I'd do in ruby, | was thinking that apply is something like *.

>> a =[]

= []

>> a.push(*[1,2])
=> [1, 2]

Figure 4.5: The body of the question | “push multiple elements to array.”

In this case, you need [a.push.apply(a, [1,2])] (or more correctly

[Array .prototype.push.apply(a, [1,2])])

Figure 4.6: The accepted answer to the question in Figure that reuses the same variable
a and values [1,2].

do_something represent two arbitrary functions in the target source code where this
Solution Snippet needs to be reused, and the only reusable token appears to be the
callback. Such a Solution Snippet exemplifies a concept rather than being a specific

ready-to-use Solution Snippet (I discuss the reusability of Solution Snippets in detail
in Section .

function doSomething(callback) {

/ Call the callback
callback('stuff', 'goes', 'here');
}

function foo(a, b, c) {
/ I'm the callback
alert(a + " " +b +

+c);
}
doSomething(foo);

Figure 4.7: A solution snippet that is an example.

4.1.7 The answer does not contain solution snippets.

Even though a how-to question asks a specific programming question, expecting the
other Stack Overflow users to post answers with Solution Snippets, some answers may
not contain Solution Snippets. This category corresponds to such answers. There

are two main reasons for an answer not to contain Solution Snippets. First, the


https://stackoverflow.com/questions/14723848/
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answer indicates there is no solution to the question. For example, in the
question “How do I disable right click on my web page?”, the second-top-scored answer
states that disabling right-clicks on a web page is not possible. Second, the text in
the answer describes how to solve the problem, but the answer does not
provide a Solution Snippet (neither within a code block nor inline with text). For
example, the accepted answer to the question “Best way to detect when a user leaves a
web page?”| is shown in Figure [{.8 It explains which event handler in JavaScript can
be used (onbeforeunload) to solve this question, but it does not contain a complete

Solution Snippet.

Try the onbeforeunload event: It is fired just before the page is unloaded. It
also allows you to ask back if the user really wants to leave. See the demo
onbeforeunload Demo.

Alternatively, you can send out an Ajax request when he leaves.

Figure 4.8: An answer that explains how to solve the question without providing a solution
snippet.

4.1.8 The answer contains solution snippets for related prob-

lems.

Sometimes answers contain at least one Solution Snippet for a programming question

that is not explicitly asked in the original question. This category corresponds to such

answers. Figure shows the body of the question “How can I get last characters

of a string?” The author of this question provides an example string “ct103_Tabs1”

in the question’s body. The last code block in the accepted answer to this question

is shown in Figure [4.10, The author of this answer suggests that the actual problem
“wo»,

may be retrieving the characters after the “.”; they provide a Solution Snippet to

solve it.
var id="ctle3_Tabsl";

Using JavaScript, how might | get the last five characters or last character?

Figure 4.9: The body of the question |“How can I get last characters of a string?”


https://stackoverflow.com/questions/737022/
https://stackoverflow.com/a/737051
https://stackoverflow.com/a/147765
https://stackoverflow.com/questions/147636/
https://stackoverflow.com/questions/147636/
https://stackoverflow.com/questions/5873810/
https://stackoverflow.com/questions/5873810/
https://stackoverflow.com/a/5873890
https://stackoverflow.com/questions/5873810/
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If you're simply looking to find the characters after the underscore, you could use this:

var tabId = id.split("_").pop(); // => "Tabsl"

Figure 4.10: The solution snippet that solves the problem “getting the characters after the
underscore in a string” which was not asked in the original question (in Figure

4.2 RQ2. How are solution snippets potentially

adapted in order to be reused?

To answer RQ2, this study produced a categorization of the potential reusability
aspects of Solution Snippets. There are five categories and are shown in Table [4.2]

In this section, I describe each category in detail.

4.2.1 As-is

This category of reusability corresponds to the Solution Snippets that only need to
be copied-and-pasted and do not need any customization. For example, the first
Solution Snippet in the laccepted answer to the question “Is there a Newline constant
defined wn Java like Environment.Newline in C#?” is shown in Figure This
Solution Snippet does not require any customization, such as additions and deletions

of variables, data, or lines of source code when reusing the Solution Snippet.

System.lineSeparator()

Figure 4.11: An as-is solution snippet which requires no customization in order to be reused.

4.2.2 User-defined functions (UDF)

This category of reusability corresponds to Solution Snippets that are presented as en-
tire functions. In this thesis, such functions are called User-defined functions (UDF).
The Solution Snippet is expected to be copied from Stack Overflow and pasted to the
target source file. In order to adapt this Solution Snippet, the developer reusing it
needs to write a function call to this UDF. For example, a code block in the accepted
answer to the question “How to list the properties of a JavaScript object?”| is shown
in Figure f.12] It contains a UDF named getKeys. In order to adapt this UDF to
the target source code, the developer has to write a function call to getKeys with a

suitable function argument for obj.


https://stackoverflow.com/a/247069/4758606
https://stackoverflow.com/q/247059/4758606
https://stackoverflow.com/q/247059/4758606
https://stackoverflow.com/a/208020
https://stackoverflow.com/a/208020
https://stackoverflow.com/questions/208016/
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Table 4.2: The answer to RQ1: How Solution Snippets are potentially adapted in order to
be reused

Categories Frequency |Distribution
of answers |of frequencies

1. As-is: The Solution Snippet does not require|77 --Jalggmm e
any changes to be adapted to the target source

code, and it can be reused as-is with a simple copy-

and-paste.

2. User-defined functions: The Solution Snip-|82 e

M Javascript [l Java Python

pet is presented as an entire function (a user-
defined function) — that is ready to be reused but
requires a function call to be adapted to the target
source code.

3. Placeholders: The Solution Snippet contains|95 _-Jalggm L
sections that need to be completely removed or

replaced in order to be adapted to the target source
code.

4. Customizable variables and/or data: The|375 w w
Solution Snippet contains variables and/or data
that require customization to be adapted to the
target source code.

5. Conceptual: The Solution Snippet exemplifies|69 -J;ggw o0
a certain concept in the programming language.

Such a Solution Snippet is not straightforward to
be adapted to the target source code, as it must
be understood and re-written from scratch.
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var getKeys = function(obj){
var keys = [];
for(var key in obj){
keys.push(key);
s

return keys;

Figure 4.12: A UDF. The reuse of this snippet requires making a call to this UDF —
getKeys.

4.2.3 Placeholders

This category of reusability corresponds to sections in Solution Snippets that must
be replaced when they are adapted to target source files. In this thesis, such sections
are called placeholders. Figure shows a Solution Snippet in the accepted answer
to the question “How to include js file in another js file?”| This Solution Snippet
contains the comment “put your dependent JS here.” It needs to be replaced
with the source code corresponding to the target source file. Two main types of

placeholders are identified in this study:

Explicit placeholders. These placeholders convey messages that need to be in-
terpreted and accordingly adapted by the developer. There are several types
of such placeholders. First, some explicit placeholders are comments that
indicate they must be replaced when adapting Solution Snippets. For
example, the comment “put your dependent JS here” in Figure is an
explicit placeholder which indicates that it must be replaced with the depen-

dent javascript code snippet.

// jQuery
$.getScript('/path/to/imported/script.js', function()
{

// script is now loaded and executed.
[// put your dependent JS here. |

})s

Figure 4.13: A Solution Snippet that contains a comment as a placeholder.

Second, some explicit placeholders are print statements that indicate they
need to be replaced when adapting Solution Snippets. Figure shows
the Solution Snippet in the accepted answer to the question “Correct way to

pause a Python program.” This Solution Snippet has a print statement —


https://stackoverflow.com/a/4634669
https://stackoverflow.com/questions/4634644/
https://stackoverflow.com/a/11552350/4758606
https://stackoverflow.com/questions/11552320/
https://stackoverflow.com/questions/11552320/

41

print ("something") — that needs to be replaced with some code snippet

when adapting the Solution Snippet.

import time

print("something")

time.sleep(5.5) # Pause 5.5 seconds
print("something")

Figure 4.14: A Solution Snippet that contains print statements as placeholders.

Third, some explicit placeholders are calls to the alert function (a javaScript-
specific placeholder) that indicate they need to be replaced when adapt-
ing Solution Snippets. The usage of the alert function call as an explicit place-
holder is exemplified in Figure[d.15] This is the Solution Snippet in the accepted
answer to the question | “How to check if a variable is an integer in JavaScript?”
The calls to alert function in this Solution Snippet need to be replaced with
the appropriate code snippets.
if (data === parselnt(data, 10))
alert("data is integer")

else
alert("data is not an integer")

Figure 4.15: A Solution Snippet that contains calls to alert function as placeholders.

Lastly, other explicit placeholders are text phrases within Solution Snip-
pets that communicate those phrases must be replaced when adapting
the Solution Snippets. For example, Figure shows a Solution Snippet in
the accepted answer to the question | “iterating over and removing from a map.”
In this Solution Snippet, <boolean expression> is a placeholder in which the
angle brackets (<>) encapsulate the text that communicates how it needs to be

customized.

map.entrySet().removelf(e -> <boolean expression>);

Figure 4.16: Using angle brackets (<>) to encapsulate the text that indicates that it needs
to be customized.

Implicit placeholders. These placeholders suggest that they need to be replaced,

but they have not explicitly communicated that. There are several types of such


https://stackoverflow.com/a/14636652
https://stackoverflow.com/a/14636652
https://stackoverflow.com/q/14636536
https://stackoverflow.com/a/29187813
https://stackoverflow.com/questions/1884889/
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placeholders. First, an ellipsis (...) is an implicit placeholder that does not
explicitly communicate that it needs to be replaced. For example, Figure
shows a Solution Snippet in the |second-top-scored answer to the question | “How
to check if function exists in JavaScript?”| This Solution Snippet has an ellipsis
between the curly braces which needs to be replaced with source code when

adapting the Solution Snippet.
if (obj && typeof obj === 'function') { ... }

Figure 4.17: A Solution Snippet that contains an ellipsis (...) as a placeholder.

Second, Java’s Thread.sleep () statement is an implicit placeholder. The usage
of Thread.sleep() as a placeholder is exemplified in Figure .18 which is
the top-scored answer to the question “How to measure execution time for a
Java method?”| In this Solution Snippet, Thread.sleep(63553) is an implicit
placeholder because it does not explicitly indicate that it needs to be replaced.
However, it has to be replaced with a code snippet in which the execution time

needs to be measured.

Instant start = Instant.now();
Thread.sleep(63553);

Instant end = Instant.now();
System.out.println({Duration.between(start, end});

Figure 4.18: A Solution Snippet that contains a Thread.sleep() statement as a placeholder.

Lastly, a pass statement in Python is an implicit placeholder. For example, the
Solution Snippet in the accepted answer to the question | “Most pythonic way to
delete a file which may not exist” is shown in Figure [4.19] The pass statement
in this Solution Snippet needs to be replaced with appropriate source code by

the developer in order to adapt this Solution Snippet to the target source file.

try:
os.remove(filename)
except OSError:
pass

Figure 4.19: A Solution Snippet that contains a pass statement as a placeholder.
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4.2.4 Customizable variables and/or data

This category of reusability corresponds to Solution Snippets that contain customiz-
able variables and/or data. When adapting such Solution Snippets, the customizable
variables and /or data must be replaced with the corresponding variable names and/or
data in the target source code. Figure [4.20|shows the code block with the Solution
Snippet in the accepted answer to the question “Is it possible to add dynamically
named properties to JavaScript object?”] This code block contains an object named
data that has the following properties: PropertyA, PropertyB, and PropertyC. The
new property that needs to be added to this object is PropertyD. The Solution Snip-
pet is data["PropertyD"]=4. Thus, when adapting this Solution Snippet, the object
data must be replaced with the corresponding name of the object that needs to be
extended; the string “PropertyD” must be replaced with the name of the new prop-
erty to be added to the object; and the number 4 must be replaced with the value of
the new property.

var data = {
'PropertyA’: 1,
'PropertyB': 2,
'PropertyC': 3
s

data[ "PropertyD"] = 4;

'/ dialog box with 4 in it

alert(data.PropertyD);
alert(data["PropertyD"]);

Figure 4.20: A solution snippet with customizable variables and/or data.

4.2.5 Conceptual

This category of reusability corresponds to Solution Snippets that are not intended
to be copied-and-pasted and adapted for reuse: they are examples of concepts rather
than reusable code. Furthermore, the sixth category described in the previous sec-
tion (Section corresponds to this category of reusability. For example, the
answers to the question  “How to pass a function as a parameter in Java?” contain
Solution Snippets that exemplify the programming concept of passing a function to
another function as a parameter. The Solution Snippet in the second top-scored an-
swer (shown in Figure to this question is not directly reusable. This Solution
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Snippet spans the entire code block. Its methodl and method2 are arbitrary meth-
ods used to illustrate the concept. The developer has to read this Solution Snippet,
understand the underlying programming concept, and apply it to the methods in the

target source code.

import java.lang.reflect.Method;
public class Demo {

public static void main(String[] args) throws Exception{
Class[] parameterTypes = new Class[1];
parameterTypes[@] = String.class;
Method methodl = Demo.class.getMethod("methodl”, paramet

Demo demo = new Demo();
demo.method2(demo, methodl, "Hello World");

}

public void methodl(String message) {
System.out.println(message);

}

public void method2(Object object, Method method, String mes
Object[] parameters = new Object[1];
parameters[@] = message;
method.invoke (object, parameters);

Figure 4.21: A Conceptual solution snippet.

4.3 Summary

This study produced two categorizations. The first categorization is how Solution
Snippets are presented in answers posted on Stack Overflow, and there are eight
categories. These categories describe where Solution Snippets are found in Stack
Overflow (either inline or within code blocks), the number of Solution Snippets in
the answer, what type of ancillary code is found within code blocks in addition to
Solution Snippets, etc. The second categorization is how Solution Snippets need
to be adapted for reuse, and there are five categories. These categories describe
what parts of a Solution Snippet need to be adapted by a developer who reuses
it: for example, whether the Solution Snippet could be reused as-is or whether the

Solution Snippet could be reused after customizing the variables and data, or whether
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the Solution Snippet contains placeholders that need to be replaced with any code

snippets according to the target source code, etc.
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5
Comparison to Other Research

The following three studies are closely related to this study. First, Nasehi et al. [34]
identified the categories of recognized answers! in Stack Overflow. Second, Zagalsky
et al. [55] identified how Solution Snippets are described in answers in Stack Overflow.
Lastly, Wu et al.’s [49] studied how Stack Overflow’s code blocks are reused in GitHub.
In this chapter, I discuss how the results of my study are related to the studies
mentioned above.

Nasehi et al. [34] identified nine categories of recognized answers in Stack Overflow;
their categories are: Concise Code, Using Question Context, Step-by-Step solution,
Multiple solutions, Highlighting Important Elements, Providing Links to Extra Re-
sources, Inline Documentation, Solution Limitations, and API Limitations. The first
four categories apply to code blocks in answers, while the remaining categories apply
the text in answers. Nasehi et al. considered that a Solution Snippet spans an entire
code block. To describe features of code blocks, they used the number of code blocks
in an answer and the availability of source code comments. In contrast, the study
described in my thesis is more fine-grained, as it identifies Solution Snippets within
code blocks. Nasehi et al.’s first category (Concise Code) also identified an aspect
of reusability: the placeholders. In contrast, the categorization of reusability aspects
of Solution Snippets described in my thesis (Table is more comprehensive than
Nasehi et al.’s.

Zagalsky et al. [55] identified nine categories of Stack Overflow’s answers: Fz-
planation, Redirecting, Clue/Hint/Suggestion, Alternative, Tutorial, Announcement,

Opinion, Benchmark, and Source code. Except for the last category (Source code),

n [34], a recognized answer is an answer that is either an accepted answer or an unaccepted
answer with a normalized score of 0.4 or more.
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Zagalsky et al.’s categories described how the text in answers explains the code blocks.
As opposed to Zagalsky et al.’s categories, the ones described in my thesis are entirely
focused on Solution Snippets: (1) how they are embedded within code blocks and text
in Stack Overflow’s answers (Table and (2) how they need to be adapted for reuse
(Table [4.2).

Wu et al. [49] identified five categories of how Stack Overflow’s code blocks are
reused in projects found in GitHub. These categories are: Ezact Copy, Converting
Ideas, Cosmetic Modification (the modifications that do not change the functionality
of a code snippet), Non-Cosmetic Modification (the modifications that change the
functionality of a code snippet), and Providing Information®. The study described
in my thesis adds a different perspective to Wu et al.’s study, and the two studies
are complementary to each other: Wu et al. described how developers had adapted
Stack Overflow’s code blocks, while my thesis describes how Solution Snippets within
Stack Overflow’s code blocks could be potentially adapted for reuse. In my thesis,
the syntax and semantics of the Solution Snippets are used to describe the categories,
and thus, they are more fine-grained than Wu et al.’s categories. Wu et al.’s first
two categories — FExact Copy and Converting Ideas — are similar to two categories
described in my thesis: As-is and Conceptual, respectively. Wu et al.’s category
— Non-cosmetic Modification — is similar to the combination of the following three
categories described in my thesis: User-defined functions, Placeholders and Customiz-
able variables and/or data. As informed by the names of the categories, Wu et al.’s
categories are more specific about how similar the source code in GitHub is to the
code blocks in a Stack Overflow’s answer, while the categories described in my thesis
are more specific about which programming constructs in the Solution Snippet are
required to be adapted for reuse. Lastly, according to my thesis, a Solution Snippet
could have multiple aspects of reusability, while according to Wu et al.’s study, only
one of their categories is applicable to any source code found on GitHub that reused
code blocks in Stack Overflow’s answers.

In summary, the two categorizations presented in this study further expand some

of the prior studies ([34,/55]) and complement one other ([49]).

2Stack Overflow’s answers that are used as references.
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6

Discussion

During the first part of my study, I made several observations about Stack Overflow’s
questions, and I propose that these observations might be useful to improve the meth-
ods to create datasets of Question-Solution pairs. I begin this chapter by discussing
these observations (Section . During the second part of my study, I identified
answers to the two research questions. By analyzing them, I next discuss what re-
searchers need to be aware of in order to improve the methods to create datasets of
Question-Solution pairs: the potential reasons why it is challenging to find and ex-
tract Solution Snippets (Section [6.2)), and the challenges of adapting them for reusing
(Section . Then, I discuss what Stack Overflow could do to help researchers avoid
some of these challenges (Section . I end this chapter by describing the threats
to the validity of my study (Section [6.5).

6.1 Observations made about Stack Overflow’s ques-

tions

I made several observations about how-to questions in Stack Overflow. First, the title
of a how-to question often begins with a phrase, such as “how to,” “how can,” “can
I,” and “is it possible to,” follows by a specific programming problem. For example,
the question “How to convert Set<String> to String[]?” begins with the phrase “how
to,” and it is followed by the specific programming problem “convert Set<String> to
String [].” Second, in order to create concise titles, authors of some how-to questions
did not phrase titles as questions. For example, the question “Find the min/max

element of an Array in JavaScript”| does not begin with a question phrase, but it
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contains a specific programming problem. Such questions in Stack Overflow are also
classified as how-to questions in my study.

Among the questions that were not classified as how-to questions in my study, the
following are the most frequent types of questions I observed. Such questions are not
useful to create Question-Solution pairs [28,53].

» o«

e A question may contain a phrase like in a how-to question ( “how to,” “can I,”
etc.), but it may not contain a specific programming problem. For example, the
question “How to execute a java .class from the command line?” contains the
phrase “how to” in its title. This question does not ask for a Solution Snippet
but a shell command, and it is not considered as a how-to question that is useful

to create a Question-Solution pair.

e A question may ask for an explanation. For example, the python question
“What 1s the source code of the ‘this” module doing?”| asks for an explanation,

and it is not a how-to question.

e A question may ask for listing the differences between two or more programming
constructs. For example, the question “ava: Class.isInstance vs Class.isAssignable From”

asks for differences, and it is not a how-to question.

6.2 Why is it challenging for automatic extractors

to find and extract Solution Snippets?

Stack Overflow continues to grow without any specific constraints on how questions
should be asked or answered, and its only restriction is that a question should be
a programming question. While Stack Overflow provides recommendations' on how
to answer questions (for example, providing context for links and being polite), it
is mainly up to the author of an answer how a Solution Snippet is presented. The
results of RQ1 (the categories of how Solution Snippets are presented in answers in
Section [4.1) imply two potential reasons why a Solution Snippet is not easy to be

found and extracted:

e It is not easy to find a Solution Snippet: frequently, answers contain multiple
code blocks, and not all of them have Solution Snippets; in some cases, the

Solution Smippet is inlined with text.

Thttps://stackoverflow.com/help/


https://stackoverflow.com/questions/1279542/
https://stackoverflow.com/questions/5855758/
https://stackoverflow.com/questions/3949260/
https://stackoverflow.com/help/

20

e It is challenging to separate a Solution Snippet from the non-relevant source
code within a code block: Solution Snippets are often surrounded by ancillary

code, and in some cases, the Solution Snippet is split by ancillary code.

The following two subsections describe the above in detail.

6.2.1 It is not easy to find Solution Snippets.

Stack Overflow’s Markdown dialect supports tagging source code as separate code
blocks and inline code with text. Thus, there are two potential locations where
Solution Snippets may be found in an answer: within code blocks and inline with
text.

When an answer contains only one code block, this code block usually con-
tains the Solution Snippet (46.3% of the answers — 277 out of 598 — contained
only one code block, and of them, 93.1% contained only one Solution Snippet within
the code block). If automatic extractors only use such answers to create datasets
of Question-Solution pairs, it is likely to reduce the number of pairs extracted from
Stack Overflow to nearly 50% of the potential pairs.

When an answer contains multiple code blocks as well as inline code snip-
pets, it is not easy to find which code blocks and/or inline code contain
Solution Snippets and discard the rest (of the answers studied in this research,
53.7% — 321 out of 598 — contained multiple code blocks and 48.0% — 287 out of
598 — contained both code blocks and inline code snippets). For example, Figure
shows the first three code blocks of the accepted answer to the question |“How to
return the product of a list?”. This answer contains five code blocks and two inline
code snippets. Of them, only the first two code blocks (as shown in the figure) con-
tain Solution Snippets. The first code block contains a Solution Snippet that spans
the entire code block, while the second code block contains four Solution Snippets in
which the lines of source code are interleaved with one another (1. lines a & e, 2. line
d, 3. lines b & f, and 4. lines ¢ & g). The remaining three code blocks and the two in-
line code snippets do not contain any Solution Snippets. Furthermore, the third code
block contains sample inputs; the last two code blocks contain execution time-related
information; the two inline code snippets contain identifier names. For this answer,

the assumption that every code block contains a Solution Snippet is incorrect.
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Without using lambda:

from operator import mul
reduce(mul, list, 1)

it is better and faster. With python 2.7.5

[from operator import mul |[m
[import numpy as np | (b)
import numexpr as ne | (e)

# from functools import reduce # python3 compatibility

a = range(1, 1e1)

%timeit|reduce(lambda x, y: x * y, a) }[m
%timeit| reduce(mul, a) | (e)
%timeit|np.prod(a)| (n

%timeit ne.evaluate("prod(a)")|tm

In the following configuration:

range(1, 181) # A

np.array(a) # B

np.arange(1l, le4, dtype=int) #C
np.arange(1, le5, dtype=float) #D

[ VR VI R ]
w o non

Figure 6.1: The first three code blocks of an answer to a Python question. The Solution
Snippets are found in the first two code blocks.

When a Solution Snippet is a library function call, it is frequently presented
as an inline code snippet. Of the answers studied in this research, 9.5% (57 out of
598) contained inline Solution Snippets. Of them, 71.9% were simply library function
calls. For example, Figure shows the second top-scored answer to the question
“How to round a number to the nearest integer?”. This answer contains an inline
code snippet and a code block. The inline code snippet contains the Solution Snippet
round(x,y), and the code block exemplifies the usage of the Solution Snippet.

A code block may contain multiple Solution Snippets. For extracting such
Solution Snippets, the automatic extractors have to identify the number of Solution
Snippets within the code block and the boundaries of each Solution Snippet (5.0% of
the answers — 30 out of 598 — contained at least one code block with more than one
Solution Snippet). For example, the second code block in Figure contains four
Solution Snippets to the question | “How to return the product of a list?”. Considering

the entire code block as a single Solution Snippet, in this case, is not accurate.
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Use round(x, y) . It will round up your number up to your desired decimal place.

For example:

>>> round(32.268907563, 3)
32.269

Figure 6.2: An answer to a Python question. This answer contains an inline code snippet
as well as a code block. The inline code snippet is a Solution Snippet, and the code block
contains an example and its output.

In addition, one Solution Snippet may span over multiple code blocks.
There were 18 such Solution Snippets across 14 answers among the ones I studied.
Even though such Solution Snippets are infrequent, they highlight the challenges of
extracting Solution Snippets from Stack Overflow. In such cases, the text in the
answer may contain contextual information that helps understand how a Solution
Snippet should be reused. For example, the answer to the question “Sort an ArrayList
based on an object field”| is shown in Figure . It contains two code blocks: (1)
the first code block contains a user-defined function (compareTo) that compares two
objects based on a specific field (degree), and (2) the second code block contains the
source code that sort an ArrayList. Moreover, the text in the answer indicates that
the class of the objects in the ArrayLst should be modified to reuse the Comparable
Java interface, and the user-defined function in the first code block should be written
within that class. The source code in the second code block should be reused where
the sorted ArrayLst is required. In this case, considering each code block as a Solution

Snippet is inaccurate.

Modify the DataNode class so that it implements

Comparable interface.

public int compareTo(DataNode o)
{
return(degree - o.degree);

}

then just use

Collections.sort(nodelList);

Figure 6.3: An answer to a Java question. It contains two code blocks, and one Solution
Snippet spans over these two code blocks.
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In some answers, Solution Snippets may be labelled with programming language
versions and library versions. Of the answers, 13.9% (83 out of 598) contained Solution
Snippets labelled with a specific programming language version, while 3.8% (23 out
of 598) contained Solution Snippets labelled with a specific library version. Because
the Solution Snippets labelled with one version may exhibit compatibility issues with
another version, the automatic extractors may have to identify such Solution Snip-
pets and incorporate the information on versions also into the datasets of Question-
Solution pairs. Irrespective of being labelled with a version or not, some Solution
Snippets may be outdated. Such outdated Solution Snippets may exhibit security
vulnerabilities or might have been superseded by better Solution Snippets [41]. Hav-
ing such Solution Snippets may degrade the quality of datasets of Question-Solution
pairs.

An answer may contain Solution Snippets that solve a different question
(instead of the original question indicated in the title). For example, Figure m (in
Section shows the last code block in the accepted answer to the question “How
can I get last characters of a string?”. It contains a Solution Snippet to another
question, “How to find the characters after the underscore?” (one that the author
does not explicitly ask in the original question). In such cases, Solution Snippets that
answer other questions must be discarded when extracting a Solution Snippet to the
original question.

Some answers that have high scores do not contain any Solution Snippets.
There were 4.3% (26 out of 598) of such answers. Figure shows the second top-
scored answer to the question “How do I replace all [the] line breaks in a string with
<br /> elements?”. It contains a code block and one inline code snippet, but both
are in HTML/CSS instead of JavaScript, as the question requested. It is not possible
to create a Question-Solution pair using this answer at all, and labelling either the
code block or inline code snippet as a Solution Snippet in this answer is incorrect.

If your concern is just displaying linebreaks, you could do this with CSS.

<div style="white-space: pre-line">Some test
with linebreaks</div>

Jsfiddle: https://jsfiddle.net/SbvtlL6do/2/
Note: Pay attention to code formatting and indenting, since white-space: pre-line will display all

newlines (except for the last newline after the text, see fiddle).

Figure 6.4: An answer to a Javascript question without Javascript source code in its code
block. The answer contains a code block and an inline code snippet, but both are in CSS.
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Lastly, to create datasets of Question-Solution pairs, some automatic extractors
(e.g. [28,53,54]) paired the Solution Snippets in the accepted answer to questions’
titles, but the score of an answer appears to be a better indicator when
selecting answers. In fact, the accepted answer for a question may not be the top-
scored answer to the question, and this implies that the answer selected by the author
of the question to be the “accepted answer” might not be the best. The accepted
answer was not the top-scored answer in 26% (78 out of 300) of the questions studied

in this research.

6.2.2 It is challenging to separate a Solution Snippet from

the ancillary code within a code block.

Once a code block is identified as containing a Solution Snippet, the next problem
is to separate the Solution Snippet from the ancillary code within the code block
(when a Solution Snippet is found in an inline code snippet, it is usually the Solution
Snippet, and no ancillary code is found). There were 29.5% of answers (177 out of
598) containing at least one code block that has a Solution Snippet with the following

two cases of ancillary code that need to be extracted separately:

Case 1: Prologue and epilogue of a Solution Snippet. The prologue of a So-
lution Snippet is the source code within a code block that appears before the
Solution Snippet. The two main uses of the prologue is for setting up the vari-
ables and for establishing the context for the Solution Snippet in use. The
epilogue of a Solution Snippet is the source code that appears after the Solu-
tion Snippet, which exemplifies the Solution Snippet’s usage, often showing its
output. Prologues and epilogues are not part of the Solution Snippet, but help
understand how a Solution Snippet works. For example, Figure [6.5] shows a
code block in the second top-scored answer to the question “How to [use] for
each [with] the hashmap?”. Its prologue contains the source code to set up
(instantiate and populate) the hashmap, while its epilogue contains the output

generated by the Solution Snippet.
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HashMap<Integer,Integer> hm = new HashMap<Integer, Integer>();
Random rand = new Random(47);
int i=0;
while(i<5){ Prologue
1++;
int key = rand.nextInt(20);
int value = rand.nextInt(50);
System.out.println("Inserting key: "+key+" Value: "+value);
Integer imap =hm.put(key,value);
if( imap == null){
System.out.println("Inserted");
¥
else{
System.out.println("Replaced with “"+imap);
}
H

hm.forEach((k,v) -> System.out.println("key: "+k+" value:"+v));

Output: g q
s Solution Snippet
Inserting key: 18 Value: 5
Inserted
Inserting key: 13 Value: 11
Inserted

key: 1 value:29

key: 18 value:5 le: 9 .

Epilogue
key: 2 value:7 pilog
key: 8 value:@ le: 7

Figure 6.5: A code block that contains a prologue, a solution snippet, and an epilogue.

Some code blocks contain much simpler prologues and epilogues. For example,
Fig. shows the code block in the second top-scored answer to the question
“How can [ convert a long to [an/ int in Java?”. The Solution Swippet in
this code block is annotated in blue. The rest of the source code just before
the Solution Snippet is the prologue. It contains a sample Long input x and
variable y that holds the int output of the Solution Snippet. Even though the
prologue is much simpler, it establishes the context for the Solution Snippet,
providing some information about the input and output variable types of the
Solution Snippet. However, the input data (100L) is not specific to the question
asked in the title, and the prologue is not part of the Solution Snippet.

Long x = 100L;

int y =[X-IntValueQ)

Solution Snippet

Figure 6.6: A code block that contains a much simpler prologue that establishes the context
for the Solution Snippet in use.


https://stackoverflow.com/a/20395761/4758606
https://stackoverflow.com/q/4355303/4758606

26

Case 2: Interleaved ancillary code. A Solution Snippet could be composed of
two or more non-contiguous code snippets interleaved with ancillary code. When
extracting such a Solution Snippet, the ancillary code interleaved the code snip-
pets in the Solution Snippet must be identified and extracted separately. For
example, Figure [6.7shows the code block in the accepted answer to the question
“How do I get a list of methods in a Python class?”. This code block contains
two Solution Snippets: the first one is composed of contiguous snippets (a)
and (b) (excluding the comment “#python2”), and the second one is composed
of non-contiguous snippets (a) and (¢). This code block contains two import
statements. One import statement (for the package inspect) is part of both the
Solution Snippets, while the other import statement (for the package optparse)
imports a sample package to get a class (OptionParser) to demonstrate the use
of these Solution Snippets.

>>> from optparse import OptionParser

>>>|import inspectl Snippet (a) .
#python2 Snippet (b)

>>>|inspect.getmembers(OptionParser, predicate:inspect.ismethod)|
[([("_init__ ', <unbound method OptionParser.__init_ >),

('add_option', <unbound method OptionParser.add_option>),
('add_option_group', <unbound method OptionParser.add_option_group>),
('add_options‘, <unbound method OptionParser.add_options>),
('check_values®', <unbound method OptionParser.check values>),
('destroy', <unbound method OptionParser.destroy>),

1
# python3 Snippet (c)

>>>|inspect.getmembers(OptionParser, predicate=inspect.isfunction)|

Figure 6.7: A code block that contains two solution snippets. The first solution snippet is
formed by snippets (a) and (b), and the second solution snippet is formed by non-contiguous
snippets (a) and (c).

The case of the first Solution Snippet is similar to Case 1 1 discussed before.
In particular, this Solution Snippet’s prologue is the import statement for the
optparse, and its epilogue is all the code snippets below the snippet (b), in-
cluding REPL outputs and the snippet (c) of the second Solution Snippet.

The case of the second Solution Snippet is Case 2. Its prologue contains the
import statement for the optparse, REPL outputs, and the snippet (b). The

code snippets in this prologue interleave the lines of source code in the Solution
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Snippet, dividing it into two sections. An automatic extractor first needs to
remove outputs from the REPL and then separately extract the Solution Snippet
and the code snippets of the prologue that interleaved this Solution Snippet.

Some answers may contain prologues and epilogues in separate code blocks other
than the ones containing Solution Snippets. Nevertheless, if a Solution Snippet is sur-
rounded by ancillary code within a code block, the Solution Snippet and the ancillary

code must be tagged correctly and/or extracted separately when creating datasets.

6.3 What are the potential difficulties of adapting
Stack Overflow’s Solution Snippets?

To generate a Solution Snippet adapted to a target source code, machine learning
models may require the understanding of how Solution Snippets need to be adapted
for reuse. According to the results of RQ2 in Section [4.2], there are five categories of
how Solution Snippets need to be adapted for reuse (the potential reusability aspects
of Solution Snippets). Of them, User-defined function and As-is Solution
Snippets are easy to reuse, while the remaining three categories are not:
Customizable-variables and/or data, Placeholders, and Conceptual.

As-is Solution Snippets could be reused by copying and pasting without modifying
the source code. Perhaps the only customization these Solution Snippets require is
to adhere to the project’s coding standards, such as renaming identifiers and editing
white spaces. A User-defined function could be reused by copying and pasting it in
the target source code and calling it with function arguments. In some answers, how
to do this is illustrated in the epilogue of the Solution Snippet.

Customizable-variables and/or data require replacing sections of a Solution Snippet
with the source code that adapts the Solution Snippet to a particular use. In order
to understand how the Solution Snippet is potentially reused, it may be required to
understand the prologue and/or the epilogue of the Solution Snippet. For example, as
shown in Figure [6.5] the contextual information that is needed to reuse the Solution
Snippet is provided in the prologue: what hm is and how it needs to be instantiated.

The code blocks presented within the question’s body may provide context to
Solution Snippets in its answers, and it is challenging to understand how such Solution
Snippets need to be adapted for reuse. There were 31.6% of the answers (189 out of

598) containing Solution Snippets that reuse identifiers, source code or data presented
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in the question’s code blocks. Because it may require analyzing questions’ code blocks
in order to reuse such Solution Snippets, simply storing the question’s title in a
Question-Solution pair— as done in existing methods to create datasets of Question-
Solution pairs ([4,28,53,/54]) — may not be sufficient; it may also require storing
the question’s code blocks. For example, the body of the question “How to get [the
cuurent] Month [using] JavaScript in 2 digit format?”| is shown in Figure [6.8] and
the second Solution Snippet in the accepted answer to this question is shown in
Figure . In this answer, it is not explicitly stated what the keyword this? in the
Solution Snippet is referred to. The keyword this in JavaScript refers to the current
object. According to the question’s body, the keyword this in this particular Solution
Snippet has to be referring to a Date object.

When we call getMonth() and getDate() on date object, we will get the
single digit number . For example :

For january, it displays 1, but | need to display it as e1 . How to do that?

Figure 6.8: The body of the question “How to get [the cuurent] Month [using] JavaScript
wn 2 digit format?”

("e" + (this.getMonth() + 1)).slice(-2)

Figure 6.9: A Solution Snippet containing a reference (this) to an object that is not defined
within any code block in the answer.

For another example, Figure [6.10] shows a code block found within the question
“How to sort [an] array by [the] firstname (alphabetically) in Javascript?”. This code
block contains the implicit information that the array should comprise objects with
a field firstname. Such information is useful for adapting the Solution Snippets.
Figure [6.11) shows the Solution Snippet in the accepted answer to this question. This
Solution Snippet spans the entire code block, and it uses an array (users) that is not
defined within its code block. The structure of an object (user) used in this array is

found in the question’s code block shown in Figure [6.10}

Zhttps://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Operators/
this
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var user = {

bio: null,

email: “"user@domain.com",
firstname: "Anna",

id: 318,

lastAvatar: null,
lastMessage: null,
lastname: "Nickson",
nickname: "anny"

¥
Figure 6.10: A code block in a question

users.sort(function(a, b){
if(a.firstname < b.firstname) { return -1; }
if(a.firstname > b.firstname) { return 1; }
return 9;

1}

Figure 6.11: A Solution Snippet having an array that is not defined within any code block
in the answer.

Some Solution Snippets contain placeholders that need to be replaced to adapt
the Solution Snippet to the target source code. Identifying placeholders is not trivial
because several types of placeholders are used, and there is no standard convention of
what a placeholder should look like. As mentioned in Section [4.2] there are two main
types of placeholders. The first type is explicit placeholders which convey messages
to the developer. Such messages need to be interpreted and adapted accordingly,
such as print statements and comments (e.g. “Your code goes here”). The sec-
ond type is implicit placeholders which need to be replaced but have not explicitly
communicated that, such as ellipsis (...) and pass statements in Python. Some
of these placeholders are language-specific (e.g. pass statements in Python), while
others are language-agnostic (e.g. ellipsis). For example, the Solution Snippet in
the top-scored answer to the question “How can I check whether a radio button is se-
lected with JavaScript?” is shown in Figure It contains two explicit placeholders
(comments) that need to be replaced when adapting this Solution Snippet.

if(document.getElementById('gender_Male').checked) {
//Male radio button is checked

}else if(document.getElementById('gender_Female').checked) {
//Female radio button is checked

}

Figure 6.12: A Solution Snippet that has two placeholders.
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For another example, Figure [6.13| shows the Solution Snippet in the accepted
answer to “How do [ get [the] current index/key in [a] ‘for each’ loop?”| It contains a
print statement, an explicit placeholder that needs to be replaced when adapting this
Solution Snippet. This placeholder encloses a part of the Solution Snippet (index++),
and thus, the placeholder is tightly integrated with the source code that must be kept
when adapting this Solution Snippet.

int index = @;
for(Element song : question) {

System.out.println("Current index is: + (index++));

by

Figure 6.13: A Solution Snippet having a print statement that is a placeholder. This
particular placeholder encloses a part of the Solution Snippet (index++).

However, not all print statements are placeholders; if the question is about logging,
a print statement in a Solution Snippet could be part of it; in such cases, a print
statement is no longer a placeholder, and it might not need to be replaced when
adapting the Solution Snippet. For example, a Solution Snippet in the top-scored
answer to the question “Print an integer in binary format in Java” is shown in
Fig. [6.14] This question is about printing; thus, the print statement in this Solution
Snippet is not a placeholder.

System.out.println(Integer.toBinaryString(x));

Figure 6.14: A print statement that is part of the solution to the question

In some cases, the Solution Snippet contains code snippets that are supposed to
be pasted in different places in the target source file. For example, a Solution Snippet
in the second top-scored answer to the question “How to calculate a logistic sigmoid
function in Python?”| is shown in Figure [6.15] This Solution Snippet has an import
statement (annotated in red) that usually needs to be included within the first few
lines in a source file, while the remaining line of source code in the Solution Snippet—
logistic.cdf(0.458) — needs to be pasted somewhere else in the source file and
needs to be customized (by changing the input 0.458).

The most challenging Solution Snippets to be reused are the Conceptual Solution
Snippets. These Solution Snippets are examples illustrating programming concepts.
Such Solution Snippets are not easy to simply copy-and-paste and customize. Almost

all the source code in such a Solution Snippet needs to be replaced. For example, a
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In [1]:|from scipy.stats import 1ogistich——|mmmsmmmem

[+— Solution Snippet

In [2]:| logistic.cdf(@.458)
Out[2]: ©.61253961344091512

Figure 6.15: A Solution Snippet that has two sections: an import statement and the re-
maining source code in the Solution Snippet.

Solution Snippet in the lsecond top-scored answer to the question  “How can I access
‘static” class variables within methods in Python?” is shown in Figure [6.16] This
Solution Snippet spans over the entire code block, and it contains a class (Foo), a
class variable (bar), and a User-defined function (bah) that are not ready to be
reused. The class name, the class variable, the function, and the argument passed to
the function are arbitrary. In addition, this Solution Snippet contains a placeholder
(a print statement) illustrating how the class variable is accessed within the function
body. Thus, the Solution Snippet itself cannot be reused without heavy customization,
requiring almost all the source code to be replaced when adapting it.
class Foo(object):
bar = 1
@classmethod

def bah(cls):
print cls.bar

Figure 6.16: A conceptual Solution Snippet.

6.4 What Stack Overflow could do to help improve

the automatic extraction of Solution Snippets.

Stack Overflow users utilize its Markdown dialect (1) to specify how the text is dis-
played and (2) to delimit code blocks and inline code snippets. It lets users specify
how the content looks but not the semantics of the code snippets within
code blocks, such as Solution Snippets, placeholders, examples, inputs, and REPL
outputs. To encourage users to specify the semantics of code snippets, Stack Over-
flow could document some widely used conventions. Some of these conventions are
language-agnostic, such as using ellipsis as placeholders, while others are language-
specific, such as keeping the REPL prompt to separate Python source code from its

output and specifying the language versions for which the Solution Snippet applies.
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In addition, Stack Overflow could enhance its Markdown dialect for semantic tagging

of code snippets by introducing new features, such as the following:

e A feature to indicate whether a code block contains a Solution Snippet.

e A feature to tag, within a code block, the Solution Snippet, its prologue, and

its epilogue.

e A more structured way to add metadata to the Solution Snippet, such as a brief
description of the problem it solves, the version of the programming language it
uses, any libraries the Solution Snippet requires, and the information about how

the Solution Snippet is expected to be reused (e.g., as-is, placeholders, etc.).

Stack Overflow partially moved in this direction when it added the support for
runnable® JavaScript, HTML, and CSS code snippets. Its Markdown dialect lets the
user specify a code block as runnable snippets, and the output of a code block is
separated in such snippets. While this feature has been available since 2014, it is not
widely used (of the JavaScript answers studied in this research, only 16.5% — 33 out
of 200 — of the JavaScript answers contained runnable code snippets).

On the one hand, the suggested enhancements to Stack Overflow’s Markdown
dialect would help researchers extract Solution Snippets and the related information
to create datasets of high-quality Question-Solution pairs. On the other hand, the
suggested enhancements would benefit the developers who use Stack Overflow for

day-to-day programming.

6.5 Threats to Validity

There are several threats to the validity of the results of my study. In this section,
I summarize those threats and the precautions taken to mitigate them. For repro-

ducibility and credibility purposes, I made the coded data available at [6].

Internal validity: Internal validity is the extent to which a researcher draws cor-
rect inferences from the data collected |17,45]. In this study, there are three
main threats to internal validity. First, the selection of Stack Overflow’s ques-

tions and their answers could have incurred a selection bias. The questions were

3https:/ /stackoverflow.blog/2014/09/16 /introducing-runnable-javascript-css-and-html-code-
snippets/


https://stackoverflow.blog/2014/09/16/introducing-runnable-javascript-css-and-html-code-snippets/
https://stackoverflow.blog/2014/09/16/introducing-runnable-javascript-css-and-html-code-snippets/

63

not randomly selected; instead, the top-scored questions in Stack Overflow were
used. Because the most useful Solution Snippets will likely come from the an-
swers to Stack Overflow’s top-scored questions, I believe using the top-scored
questions for this study is not a significant threat to the validity. Second, this
study relies on human judgement when classifying Stack Overflow’s questions
and coding their answers, and thus, a certain amount of subjectiveness is ex-
pected [17]. To minimize the possible subjectiveness when classifying questions,
three coders iteratively classified questions until they reached an agreement, as
suggested in |21]. To minimize the possible subjectiveness when coding answers,
the three coders iteratively coded the answers until the saturation of categories,
as suggested in [17,26]. Third, the coders studied answers by navigating to
their URLs. During an iteration, Stack Overflow users may have edited some of
the answers used in an iteration. Thus, different coders may have seen different
versions of the same answer when coding. This risk was likely alleviated when

the coders discussed their discrepancies at the end of an iteration.

External validity: External validity is the validity of applying conclusions derived
from sample data to new subjects, new settings, and new situations [17]. The
subjects of this study were the top-scored questions in Stack Overflow and their
top-scored answers. Accordingly, there are several threats to the external valid-
ity of the results. First, only the questions and answers in Stack Overflow were
studied. Because the structure of the questions and answers could be different
in other Q&A platforms (Quora, Reddit, CodeProject, etc.), this study’s re-
sults may not be applicable for those platforms. Second, only the questions and
answers tagged with JavaScript, Java, and Python were studied. It produced
language-agnostic results as well as language-specific results (e.g. showing the
Solution Snippet executed in REPL along with outputs is specific for Python).
Therefore, I believe that the results of this study may be extended to Stack
Overflow’s questions tagged with other programming languages by coding their
answers while using the categories identified in this study as the initial codes.
Third, the results are grounded in the sample of top-scored questions and their
top-scored answers. The answers to questions with a low score may have dif-
ferent categories than those identified in this study. Overall, I do not claim the
results of this study are generalized over the entire population of questions and

answers in Stack Overflow and other Q&A platforms. Because a qualitative
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study intends to provide results with respect to a specific context [17,26], I
believe the lack of generalizability is not a critical threat to the validity of this

study’s results.

Construct validity: Construct validity is the extent to which the variables of in-
terest are adequately measured [17]. There are two threats to the construct
validity of this study. First, at the beginning of this study, the coders had
little agreement on how to identify how-to questions in Stack Overflow, and it
was required to measure the consistency across the classification done by dif-
ferent coders [22]. In order to achieve a good agreement, the coders classified
batches of questions, discussing the discrepancies until the Fleiss Kappa coeffi-
cient exceeded a threshold of 0.9, which is higher than the substantial strength
of agreement suggested in [30]. Second, the coders stopped coding once they no-
ticed that the categories had remained unchanged since the previous iteration.
In order to ensure that the categories were saturated and premature closure of
coding was avoided, I continued to code new answers (as suggested in [2,5]). 1
stopped coding after I coded a satisfactory amount of new answers and became

convinced that the categories were saturated.

6.6 Summary

After reflecting on the results of RQ1, I identified several potential reasons why it is
challenging to find and extract Solution Snippets automatically from Stack Overflow.
A Solution Snippet may be found in either code blocks or inline with the text, and
it is required to scan through all the code blocks and inline code snippets to identify
which of them contain Solution Snippets. If the Solution Snippet is inside a code
block, separating it from the ancillary code within the code block is challenging.
After reflecting on the results of RQ2, the Solution Snippets showing the first
two reusability aspects (User-defined function and As-is Solution Snippets) appear
to be easy to reuse while the Solution Snippets showing the rest of the reusability
aspects do not (customizable-variables and/or data, Placeholders, and Conceptual).
There are several types of placeholders, and there is no consistency between them;
they need to be identified and replaced with specific source code when adapting
Solution Snippets. Customizable variables and/or data also need to be identified and

customized according to the target source code. Conceptual Solution Snippets appear
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to be the most challenging ones to be adapted for reuse.

If Stack Overflow slightly modifies its Markdown dialect to specify the semantics of
code snippets, such as Solution Snippets, examples, outputs, and reusability aspects,
it would help researchers improve the extraction of datasets of Question-Solution
pairs.

There are several threats to the validity of the results of this study. This study
heavily relies on human judgment; to minimize possible subjectivity when coding
answers, the coders coded batches of answers until the saturation of the categories.
Lastly, the results of this study are not generalized over all the questions and answers
on Stack Overflow. Because the results of qualitative studies are usually presented
with respect to a specific context, the lack of generalizability of this study is not a

critical threat to the validity.
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7

Conclusions and Future Work

In this chapter, I conclude my study (Section and describe the future direc-

tions of my study towards creating high-quality datasets of Question-Solution pairs

(Section [7.2)).

7.1 Conclusions

The two main contributions of my study are: (1) a categorization of how Solution
Snippets are presented in Stack Overflow’s answers and (2) a categorization of how
Solution Snippets need to be adapted for reuse.

The first categorization has eight categories of how Solution Snippets are found
in Stack Overflow’s answers. After reflecting on these categories, I identified several
challenges that researchers who extract Question-Solution pairs from Stack Overflow
need to be aware of. First, Solution Snippets could be found in code blocks as well
as inline with the text; it is required to scan through all the code blocks and in-
line code snippets in an answer to find Solution Snippets. Second, Solution Snippets
within code blocks are often surrounded by ancillary code (the prologue and epilogue).
This ancillary code may contain information that is not relevant to the question but
may also contain contextual information about the reusability of Solution Snippets.
Whenever ancillary code is found within a code block, the Solution Snippet and this
ancillary code need to be extracted separately. Lastly, a code block may contain mul-
tiple Solution Snippets; in such cases, it is required to extract each Solution Snippet

separately.
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The second categorization has five different categories of how a Solution Snippet
could be adapted for reuse. The first two categories (As-is, User-defined functions)
are straightforward to reuse, while the last three categories (Placeholders, Customiz-
able variables and/or data, and Conceptual) appear challenging to reuse and require
understanding the code to be customized. When a Solution Snippet contains cus-
tomizable variables and/or data, they need to be replaced with actual values and
code snippets. When a Solution Snippet contains placeholders, they also need to be
identified and replaced with suitable code snippets; however, there is no consistency
of Stack Overflow users on what to use as placeholders, and thus, it is challenging
to identify them. Of all the reusability aspects, Conceptual Solution Snippets are
the most challenging ones to be reused because such Solution Snippets cannot be
copied-and-pasted and customized but require writing the entire Solution Snippet

from scratch.

7.2 Future Work

The results of this study will pave the way for several future works. First, when creat-
ing a Question-Solution pair by pairing a title of a Stack Overflow question with the
code blocks in it answers, the researchers could tag different semantics of code snippets
within those code blocks such as Solution Snippets, ancillary code, potential reusabil-
ity aspects, etc. Subsequently, researchers could leverage such Question-Solution pairs
to train machine learning models, such as code generation models.

Second, the manually coded dataset of this study ([6]) could be transformed into
a dataset of Question-Solution pairs. Then, it could be used as a manually cu-
rated benchmark dataset for source code generation models (for JavaScript, Java
and Python) to evaluate such models using an evaluation method (such as Codebleu
score [43]).

Lastly, the sample inputs and outputs within code blocks that exemplify the usage
of Solution Snippets could be used to create test cases to evaluate the quality of the

source code generated by machine learning models.
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Appendix A

The questions downloaded from
the SOTorrent database

Among the several attributes in the SOTorrent database, 1 used only the following
attributes to filter the questions studied in this research (see Table for a sample
dataset downloaded from SOTorrent).

e PostTypeld: This is “1” for questions posted on Stack Overflow and “2” for
answers. For the first part of this study, questions were needed, and I filtered

posts with PostTypeld equal to “1”.

e Tags: This usually indicates the programming language related to a ques-
tion posted on Stack Overflow. For this study, I filtered the questions from
the SOTorrent database that have the following three tags: “<JavaScript>,”
“<Java>,” and “<Python>".

e Score: This is the number of upvotes minus the number of downvotes for a
question or an answer posted on Stack Overflow. I used the score as a proxy for
popularity to select questions to study; I ranked the questions in the SOTorrent

database by the score in descending order and obtained the top 1000 questions.

e Id: This is the identifier that uniquely identifies a question or an answer posted
on Stack Overflow. I appended the prefix — “https://stackoverflow.com/q/”
— to Ids in order to generate the URLs for the questions used in this study.
For example, the Id of the first question in Table is 679915, and the URL
generated from this Id is https://stackoverflow.com/q/679915.


https://stackoverflow.com/q/679915
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e Title: This is the title of a question posted on Stack Overflow. The title usually

indicates the programming problem.

I used the above attributes, to prepare the Google Sheets for classifying questions

in the first part of my study.

Table A.1: A sample dataset used to prepare the Google Sheets for the first part of my
study

PostTypeld Tags Score Title Id
Id PostTypeld
1 <javascript> | 2730 | How do I test for an empty | 679915
JavaScript object?

1 <javascript> | 2328 | How can I convert a string | 263965
to boolean in JavaScript?

1 <javascript> | 1941 | Open a URL in a new tab | 49078437
(and not a new window)
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Appendix B

How the categories identified in my

study evolved

Table |B.1| shows the number of answers coded in each iteration, the number of coders
who participated in coding, and the categories identified at the end of each iteration

(focusing on the two research questions).

The first iteration

The three coders coded ten answers. For RQ1, the following categories were identified:
1. “Solution Snippet is a one-liner” (one function call), and 2. “Solution Snippet
contains multiple function calls.” For RQ2, the following categories were identified:

1. Function declarations, and 2. Contain Specific data.

The second iteration

The three coders coded 43 answers in the second iteration. For RQ1, the categories
following the first iteration remained the same. For RQ2, a new category was identi-

fied: “Contain placeholders.”

The third iteration

The three coders coded 23 answers in the third iteration. For RQ1, two new cate-
gories were identified: “Contain examples” and “Contain inline Solution Snippets.”

The category “Solution Snippet is a one-liner” was discarded because the two new



7

categories identified already included the one-liners. For RQ2, another new category

was identified: “Contain customizable variables.”

The fourth iteration

The three coders coded 26 answers in the fourth iteration. For RQ1, several new
categories were identified. For a better understanding of how Solution Snippets were
presented in the answers, the category “Contain eramples” was split into two separate
categories: “the code block that contains the Solution Snippet also contains sample
input/output,” and “the Solution Snippet is an example.” By the end of the fourth
iteration, there were eight categories for RQ1 (see Table in Chapter 4| for more in-
formation). For RQ2, two new categories were identified: “As-is” and “Conceptual.”
In addition, two existing categories ( “Contain customizable variables” and “Contain
Specific data”) were merged into a single category, “Contain customizable variables
and/or data,” because most of the Solution Snippets that contained customizable

variables also contained specific data.

The fifth iteration

The three coders coded 30 answers in this iteration. The categories identified re-
mained unchanged since the previous iteration. The coders believed that the cate-

gories had become saturated, and they stopped coding.

The last iteration

To avoid the premature closure of coding in order to ensure the saturation of cate-
gories, I continued coding more answers until the top two answers to all of the how-to

questions were categorized.
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Table B.1: Total number of questions and answers studied

Iterat-| No. No. of | The categories for | The categories for
ion of an- | coders | RQ1l RQ2
swers
1 10 3
1. Solution Snippet is a | 1. Function declarations
one-liner (one func- (a generic solution)
tion call).
2. Contain specific data
2. Solution Snippet con- (a specific solution)
tains multiple func-
tion calls.
2 43 3
1. Solution Snippet is a | 1. Function declarations
one-liner (one func-
tion call). 2. Contain placeholders
9. Solution Snippet con- 3. Contain specific data
tains multiple func-
tion calls.
3 23 3
1. Contain multiple So- | 1. Function declarations
lution Snippets
2. Contain Placeholders
2. Contain examples
3. Contain customizable
3. Contain inline Solu- variables
tion Snippets
4. Contain specific data
4 26 3 See Table in Chap- | See Table in Chap-
ter [ for the categories. | ter [4] for the categories.
D 30 3 Remained unchanged. Remained unchanged.
6 466 1 Remained unchanged. Remained unchanged.
Total | 598 — — —
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Appendix C

The manually coded dataset of my
study

The manually coded dataset of my study is available at [6], which contains two Mi-
crosoft Excel files. First, the file Manual-classification-question-in-S0.x1lsx
contains the dataset of questions that I used in my study to identify how-to questions
(as mentioned in Section and the classes of those questions (whether a how-to
question or not). This file contains three sheets, one for each programming language

I studied in this research. Each sheet contains the following attributes:
e Language™: The programming language tagged to the question.
e Question’s title*: The title of the question.
e Question’s URL*: The URL of the question.
e (Class: The class of the question — whether it is a how-to question or not.

Second, the file Manual-annotations-Solution-Snippets-in-S0.x1sx contains
the manually coded dataset of the answers to the how-to questions (the coders coded
at least two top-scored answers to each how-to question). This file contains three
sheets, each of which contains several attributes of answers for each programming
language. These attributes are partitioned into four main sections: the attributes of
questions, the general attributes of the answers, the attributes related to the catego-
rization for RQ1, and the attributes related to the categorization for RQ2. Further-

more, this file shows how all the answers studied in my research are categorized into

* Already populated before the coding session.
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the saturated categories, as done in the last two iterations mentioned in Section [3.3.3

In the next section, I describe these attributes.

The

The

attributes of questions
Language®: The programming language.
How-to question’s title*: The title of the question.

How-to question’s URL*: The URL of the question.

general attributes of answers

Answer’s URL*: The URL of the answer.
Number of code blocks: How many code blocks are there in the answer?

Number of inline code snippets: How many inline code snippets are there in the

answer?

attributes related to the categorization for RQ1

No code solution or no Solution Snippet: Does the answer contain at least one
Solution Snippet? If the answer simply explain how to solve it in the text
without presenting a precise Solution Snippet, I considered it as no Solution

Snippet.

Number of Solution Snippets: How many Solution Snippets are there in the

answer?

Solution Snippet span over entire code block: How many Solution Snippets are

there in the answer that span the entire code block?

A code block with Solution Snippet + example input/outputs: How many code
blocks are there in the answer that contain Solution Snippets as well as sample

inputs and outputs?

A code block with only examples: How many code blocks are there in the answer

that contain only sample input/outputs/examples?

* Already populated before the coding session.



81

A code block with multiple Solution Snippets: How many code blocks are there

in the answer that contain multiple Solution Snippets within a code block?

Multi-code block Solution Snippet: Does the answer contain at least one Solu-

tion Snippet that spans over several code blocks?

Use the code/examples given in the question: Does the answer contain at least
one Solution Snippet that reuses variables, data or code snippets found in the

question’s body?

Library specific Solution Snippets: Does the answer contain any library-specific

Solution Snippets?

Version Specific Solution Snippets: Does the answer contain any programming

language version-specific Solution Snippets?

Solution Snippets for related questions: Does the answer contain at least one
Solution Snippet that solves another question that is not explicitly asked in the

original question?

Solution Snippet is Inline with text: Does the answer contain at least one So-

lution Snippet that is inline with the text?

Solution Snippet is an API call: Does the answer contain at least one Solution

Snippet that is only a function call?

Solution Snippet is a library variable: Does the answer contain at least one

Solution Snippet that is only a variable in a library?

Solution Snippet is a hack: Does the answer contain at least one Solution Snippet

that is likely to raise a compile/runtime error?

Contains runnable code snippets (JavaScript-specific): Does the answer runnable

code snippets?

Solution Snippet is mixed with REPL (Python-specific): How many code blocks
are there in the answer that contain Solution Snippets as well as REPL outputs
within the code block?
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The attributes related to the categorization for RQ2

e As-is: Does the answer contain any Solution Snippet that does not need any

modifications when reusing?
e UDF': Does the answer contain any User-defined-functions?

e Placeholders: Does the answer contain any Solution Snippets containing place-

holders, such as print statements, comments, pass, etc.?

e Customizable Variable: Does the answer contain any Solution Snippets contain-

ing customizable variables and/or data?

e Conceptual: Does the answer contain a Solution Snippet that exemplifies a
programming concept and contains arbitrary function names, variable names,

ete.
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