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Sebastian Baltes, Christoph Treude, Martin P. Robillard

Abstract—Software engineering is knowledge-intensive and requires software developers to continually search for knowledge, often
on community question answering platforms such as Stack Overflow. Such information sharing platforms do not exist in isolation, and
part of the evidence that they exist in a broader software documentation ecosystem is the common presence of hyperlinks to other
documentation resources found in forum posts. With the goal of helping to improve the information diffusion between Stack Overflow
and other documentation resources, we conducted a study to answer the question of how and why documentation is referenced in
Stack Overflow threads. We sampled and classified 759 links from two different domains, regular expressions and Android
development, to qualitatively and quantitatively analyze the links’ context and purpose, including attribution, awareness, and
recommendations. We found that links on Stack Overflow serve a wide range of distinct purposes, ranging from citation links attributing
content copied into Stack Overflow, over links clarifying concepts using Wikipedia pages, to recommendations of software components
and resources for background reading. This purpose spectrum has major corollaries, including our observation that links to
documentation resources are a reflection of the information needs typical to a technology domain. We contribute a framework and
method to analyze the context and purpose of Stack Overflow links, a public dataset of annotated links, and a description of five major
observations about linking practices on Stack Overflow. Those observations include the above-mentioned purpose spectrum, its
interplay with documentation resources and applications domains, and the fact that links on Stack Overflow often lack context in form of
accompanying quotes or summaries. We further point to potential tool support to enhance the information diffusion between Stack
Overflow and other documentation resources.

Index Terms—Community Question Answering, Software Documentation, Information Diffusion, Hyperlinks, Stack Overflow
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Software Engineering is Knowledge-intensive

N
|=]| stackoverflow &
ORACLE" =’)ava pocumentation

Open]DK

&

O e G

developers

Sebastian Baltes — Contextual Documentation Referencing on Stack Overflow (ESEC/FSE 2020 JF)



N
|=]| stackoverflow .
ORACLE" =’)ava pocumentation

Open]DK

Those documentation
resources do not exist
INn Isolation...

N
NER)

WIKIPEDIA

developers am

Sebastian Baltes — Contextual Documentation Referencing on Stack Overflow (ESEC/FSE 2020 JF)



They form a documentation ecosystem with
Stack Overflow as a major information broker

O p e nl D K ORACLE" =’)ava bdocumentation

1 Instead of asking people to code your reqular expressions for you, try reading the Java Regular Expressions
docs.oracle.com/javaseftutorial/essential/regex/index.html + Stephen C Jun 24 "13 at 3:16

Tutoria

You only have one resultSet variable which you replace again and again with the string
representation of each result and then return the value of the last one which was iterated. When

you w ore than one result, you need to return an array ( String[] ) or a Collection
like ar§ ArrayList ,[for example.

| need help to establish a SSL connectlon from my Android apphcatlon to my domain on

altervista.o r. I've already tried »
this solutior] (http://developer.android.com/training/articles/security-ssl.html) put I still have the ) S 3
same error: 4 W J/, P

developers a

1 |BNF grammar.|- Amadan Mar 3 "16 at 3:31 ~ '

Sebastian Baltes — Contextual Documentation Referencing on Stack Overflow (ESEC/FSE 2020 JF)



Best Case Scenario

Recommendation of specific information relevant to the thread:

Searching for both word and its negation in a string using java regex

Asked 6 years, 8 months ago Active 6 years, 8 months ago Viewed 105 times

If you have not done it yet, have a look at Greedy, Reluctant, and Possessive Quantifiers section of the Java

RegEXx tutorial. It seems to have so elevance to your task at hand. — PM 77-1 Feb 13 "14 at 18:00

N
|=] stackoverflow

Differences Among Greedy, Reluctant, and Possessive Quantifiers

There are subtle differences among greedy, reluctant, and possessive quantifiers.

Greedy quantifiers are considered "greedy" because they force the matcher to read in, or eat, the entire input string prior to attempting the first match. If the first match attempt (the entire input string) fails, the
matcher backs off the input string by one character and tries again, repeating the process until a match is found or there are no more characters left to back off from. Depending on the quantifier used in the
expression, the last thing it will try matching against is 1 or 0 characters.

The reluctant quantifiers, however, take the opposite approach: They start at the beginning of the input string, then reluctantly eat one character at a time looking for a match. The last thing they try is the entire

ORACLE
Java“ bocumentation

input string.

Finally, the possessive quantifiers always eat the entire input string, trying once (and only once) for a match. Unlike the greedy quantifiers, possessive quantifiers never back off, even if doing so would allow

«

the overall match to succeed.

Sebastian Baltes — Contextual Documentation Referencing on Stack Overflow (ESEC/FSE 2020 JF)



Worst Case Scenario

Not adding any information while making fun of other users:

3 java regular expression to discover regular expression

E Asked 5 years, 4 months ago Active 3 years, 8 months ago Viewed 73 times

3

X

@
/ﬁ A regex to identify regexes... reminds me of this xkcd — tobias_k Jun 18 "15 at 8:56 '

/

REGEX GOLF: MEA-REGEX GOLF:}— [META-META-REGEX GOLF:} ]... AND BEYOND:
YOU TRY T0 MATCH ONE | | 50 T LJROTE A PROGRAM | | ... BUT I LOST MY CODE, REALLY, THIS 15 ALL
GRouP QUTNOT THE OTHER. | | THAT PLAYS REGEXGOLF | | 50 TM GREPPNG FOR | | /(META-*REGEX GOLF.

NOL) YOU HAVE
SR WARS SUBTILES < OHOH..| | REGEX GOLF SOLVERS. INEAITE PROBLENS,

BUT NOT S7AR TREK. (

( CooL.
g\%
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Linked Mentions

Frequent use case of links on Stack Overflow:

Mongo find() with regex in java only return one entry

Asked 6 years, 3 months ago Active 6 years, 3 months ago Viewed 197 times

You only have one resultSet variable which you replace again and again with the string
representation of each result and then return the value of the last one which was iterated. When
you want to return more than one result, you need to return an array ( String[] ) ora Collection
like an ArrayList , for example.

java.util

Class ArrayList<E>
java.lang.Object
(( java.util. AbstractCollection<E>
==)) java.util. AbstractList<E>
== java.util. ArrayList<E>

Java All Implemented Interfaces:
Serializable, Cloneable, Iterable<E>, Collection<E>, List<E>, RandomAccess
Direct Known Subclasses:

AttributeList, RoleList, RoleUnresolvedList
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How and why are documentation resources
referenced in Stack Overflow threads?

We studied:

 Two cases...
(Java reqgular expressions and Android)

* ...USINg a mixed-methods research design...

(regex-based URL classifier, qualitative coding, association
rule mining, logistic regression models)

» ..focusing on link context (how) and link
purpose (why).



Study Design
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Study Design
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Documentation Resource Categories

Resource Category #Links in Regex  #Links in Android
All 35,022 (100.0%) 286,535 (100.0%)
Classified 25917 (74.0%) 185,857  (64.9%)
Documentation 15,430 (44.1%) 150,630 (52.6%)
NotDocumentation 10487 (29.9%) 35,227 (12.3%)
NotClassified 7,115 (20.3%) 83,989  (29.3%)
InvalidOrDead 1,990  (5.7%) 16,689 (5.8%)
Documentation 15,430 (100.0%) 150,630 (100.0%)
StackOverflow 5,656 (36.7%) 64,610  (42.9%)
JavaAPI 5,093 (33.0%) 7,403 (4.9%)
IndependentTutorial 2,419 (15.7%) 6,600 (4.4%)
JavaReference 957  (6.2%) 3,860 (2.6%)
Wikipedia 787  (5.1%) 5,218 (3.5%)
OtherAPI 253  (1.6%) 644 (0.4%)
OtherReference 262 (1.7%) 6,514 (4.3%)
OtherForum 3  (0.0%) 549 (0.4%)
Android API N/A  (0.0%) 28,690  (19.0%)
AndroidReference N/A  (0.0%) 23,421 (15.5%)
Androidlssue N/A  (0.0%) 1,301 (0.9%)
YouTube N/A  (0.0%) 1,820 (1.2%)

Classifier available:

https://qgithub.com/sbaltes/condor
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Documentation Resource Matching

Example:
Matcher for documentation resource StackOverflow

Domains:
“https?:// ((www|pt|rules)\\.)?stackoverflow\\.com

Paths:

/ (alglquestions) /[\\d]+.*
/revisions.*
/posts/\\d+/revisions.*
/posts/comments. *



Most Frequently Referenced Domains

<jJava><regex>

<java><android>

Domain #Posts (%) Resource Categories Domain #Posts (%) Resource Categories

stackoverflow.com 5,120 (23.5%)  StackOverflow, stackoverflow.com 57,461 (32.3%)  StackOverflow,
NotDocumentation NotDocumentation

regex101.com 4,439 (20.4%)  NotDocumentation android.com 42,199 (23.7%)  Android API, AndroidReference

oracle.com 4,316 (19.8%)  JavaAPI, JavaReference, imgur.com 22,339 (12.6%)  NotDocumentation
OtherForum github.com 18,259 (10.3%)  OtherReference,

ideone.com 1,933 (8.9%)  NotDocumentation NotDocumentation

regular-expressions.info 1,868 (8.6%)  IndependentTutorial google.com 11,924 (6.7%)  Androidlssue, AndroidReference,

OtherReference, OtherForum
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Qualitative Coding of Context and Purpose

* Labeling context and purpose of links is time-consuming

 All three authors labeled the same stratified samples of links
from both cases (n=759)

 We sampled (up to) 40 links per documentation resource
(10 from questions, 10 from answers, 10 from question comments, 10 from answer
comments)

* [terative development of coding guide, tracking agreement
and using discussion and majority vote to resolve
disagreements



Context Codes

According to Glob page from Wikipedia, the wildcard * means:

QUOTE

matches any number of any characters including none

In this documentation "Communicating with Other Fragments", Google tells us that the best practice
SumMARry  for communicating Activity and Fragment is to implement an interface. This interface then can be
called by Fragment and to execute necessary behaviour in Activity.

LINKONLY docs.oracle.com/javase/tutorial/java/javaOO/accesscontrol.html — Feb 8 '13 at 17:40 '
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https://zenodo.org/record/2585828

35%

Purpose Codes
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N/A

ATT

AWA BGR
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AWA

BGR
CPT
CST
LMN
RCM
REF

OTH

ATTRIBUTION
AWARENESS

BACKGROUNDREADING
CONCEPT

CONSULTED
LINKEDMENTION
RECOMMENDATION

REFERENCE

OTHER

Link to a resource simply to credit the source for material taken verbatim.

Link intended to make readers aware that a certain resources exists, or provide information about the
nature of its content, without necessarily endorsing it.

Link to a resource that a user thinks other users should read or watch to get better general knowledge
of the topic related to the thread.

Link to a resource that contains a general description of a concept that the reader should know about.
Link to documentation to indicate that it was consulted prior to posting.

Link to the element-level (class, method, field) Javadocs of an API element that is mentioned as part of
the text, without more specific indication for the purpose of the link.

Link to resources that are landing pages for tools, libraries, API elements, or algorithms, for the purpose
of recommending these.

Links to a resource to indicate the source of knowledge for an explicit claim, statement, or information
conveyed in the post.

Link whose purpose is other than can be captured by other codes, unclear, or unknown.

N = /59 links
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Association Rule Mining

Regex Android

LHS RHS Supp Conf Lift n LHS RHS Supp Conf Lift n
Wikipedia — CONCEPT 0.08 0.58 422 22 StackOverflow ~ — AWARENESS 0.05 0.59 19 23
OtherAPI — RECOMM. 0.06 0.45 392 17 Wikipedia — CONCEPT 0.05 0.56 87 22
StackOverflow — AWARENESS 0.05 0.40 230 16 OtherForum — AWARENESS 0.05 0.55 1.8 22
OtherReference  — AWARENESS 0.05 0.38 220 13 Andproidlssue — AWARENESS 0.04 0.50 1.6 20
JavaAPI — LINKEDMENTION  0.04 0.31 396 12 IndependentTut. ~— AWARENESS 0.03 0.41 1.3 16
JavaReference — BACKGROUNDR. 0.04 0.30 324 12 JavaReference — BACKGROUNDR. 0.03 0.38 40 15
. JavaAPI — RECOMM. 0.03 0.35 37 14
ﬁtt”b”tw" ~ SQUOTE 88; égg 1%32 ;g Youtube — AWARENESS 0.03 033 1.0 13
fererice = IS - - : OtherReference  —> AWARENESS 0.03 032 1.0 12
AndroidReference — BACKGROUNDR. 0.02 0.28 30 11
AndroidReference — AWARENESS 0.02 0.28 09 11
JavaAPI — LINKEDMENTION  0.02 0.28 48 11
OtherAPI — RECOMM. 0.02 0.28 29 11
IndependentTut. — CONSULTED 0.02 0.26 20 10
Android API — RECOMM. 0.02 0.25 26 10
Attribution — QUOTE 0.03 0.88 1822 15
Reference — SUMMARY 0.07 0.74 6.74 31
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Selected Results .o

LINKEDMENTION
CONCEPT
CONSULTED
AWARENESS
REFERENCE

BACKGROUNDREADING

 Purpose spectrum: From citations (not necessarily meant to be
. RECOMMENDATION

consulted) to recommendations (explicit requests to follow a link).
* Relativities Stack Overflow’s recommendation to add context to every link: Adding context
(summaries/quotes) important for links on the recommendation end but less important for links

primarily included for citation purposes.

Citation
uoljepuUAWIIOIY

* Links are reflection of the information needs typical to a technology domain.
« Example: Links to concept descriptions were twice as common in threads about regular expressions

compared to Android.

* Improving the efficiency of information diffusion between Stack Overflow and the

broader software documentation ecosystem.
 Example: Developing a tool to assist readers of Stack Overflow threads by automatically classifying

links along the purpose spectrum, helping them to decide whether a link is worth following.
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