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ABSTRACT

Software developers use Stack Overflow on a daily basis to search for solutions to problems they
encounter during bug fixing and feature enhancement. In prior work, studies have been done on
mining Stack Overflow data such as for predicting unanswered questions or how and why people post.
However, no work exists on how developers actually use, or more importantly, read the information
presented to them on Stack Overflow. To better understand this behavior, we conduct an eye tracking
study on how developers seek for information on Stack Overflow while tasked with creating human-
readable summaries of methods and classes in large Java projects. Eye gaze data is collected on both
the source code elements and Stack Overflow document elements at a fine token-level granularity
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using iTrace, our eye tracking infrastructure. We found that developers look at the text more often
than the title in posts. Code snippets were the second most looked at element. Tags and votes are
rarely looked at. When switching between Stack Overflow and the Eclipse Integrated Development
Environment (IDE), developers often looked at method signatures and then switched to code and text
elements on Stack Overflow. Such heuristics provide insight to automated code summarization tools
as they decide what to give more weight to while generating summaries.
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INTRODUCTION

Stack Overflow (SO) is a widely used question and answer website for developers. Software developers
use it to post questions and answers related to programming and software engineering problems.
Questions commonly asked include how specific Application Programming Interface (API) elements
are used or efficient methods in coding a particular program. Stack Overflow is a widely researched
dataset, but there is not much research on how developers use this resource. To date, it includes over
12 million questions, 19 million answers and 47 million comments.

In this paper, we present a pilot exploratory study on how developers seek information on Stack
Figure 1: The gaze plot of a developer Overflow. The task given was to summarize two classes and two methods in Java open source systems.
viewing the results of a search on Stack We used an eye tracker to determine which elements developers were looking at in both Stack Overflow
Overflow. The circles represent fixations. and source code during the study. We chose the task of code summarization because documentation
Afixation is a stabilization of the eye gaze i [ to date and developers rarely change documentation when changing functionality.
on a certain area for a period of time - typ- Is not always P . P 4 & gIng Y
ically 100 milliseconds. Our overarching goal is to learn via eye tr’flckmg how deveI(.)p(.ars go about summarizing code using

Stack Overflow. We can use those strategies to create heuristics that feed into an automated code
summarization tool that creates readable summaries using different contexts such as source code and
SO posts. The study presented here is a first step in that direction.

To utilize Stack Overflow to its full capacity, a developer must know not only how to search for
relevant questions, but also which parts of the question are most indicative of a good question and
answer. To this end, we address the following research questions.

e RQ1: What parts of the Stack Overflow questions and answers do developers focus on most?
e RQ2: What elements do developers transition between on SO posts and the Eclipse IDE?
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RELATED WORK

Many researchers have used Stack Overflow’s data as a predictive tool such as recognizing the gender
of the users [6]. Other researchers have studied how developers ask questions. This includes what
types of questions are answered, who answers questions, and how are good answers selected [7].
Novielli et al. studied how certain qualities of a question contribute to the success of a question on
Stack Overflow [1]. They found a successful question tends to have a code snippet, good presentation
quality, and a low quantity of uppercase characters. Ford et al. investigated the involvement of peers
on Stack Overflow. She found that gender barriers exist across Stack Overflow, but they are more
prevalent in influencing women’s behavior [2]. Women are also more likely to repost if they initially
interact with another woman. Some previous studies focused on finding where and what kind of
information developers look for and what was preventing them from finding this information [5],
however Stack Overflow was not used. As far as we are aware, this is the first study using eye tracking
to study a developer’s behavior on Stack Overflow during (not after) the task. We chose eye tracking
as a method of data collection as it tells us the thought process of a developer as the task is happening

without added effort (unlike think-aloud studies) [4].
Table 1: Methods and Classes in the

Study. The Task: “Summarize the im-
plementation and usage of the follow-
ing method/class."

STUDY DESIGN

We briefly describe the study tasks, participants, data collection and study instrumentation. In this
study, each participant was asked to provide a typed summary of two methods and two classes (See
Table 1) - chosen from the Android and Eclipse code repositories - in human-readable English sentences.

ll_:vl‘emegt Trord D[,)Tsc”p;'on R ted0 In particular, they were asked to summarize the implementation and usage of the methods and classes.
etho androld.app.Dialog.onsearc equeste ey . .
Class andFr)gid widget Chronomeqter We chose these methods and classes from a larger initial set because there was enough discussion
- BT - about them in the Eclipse and Android Stack Overflow pages. See Figure 1 for one developer’s reading
Method  org.eclipse.swt.widgets.Widget.dispose() p h It Stack Overf]
Class org.eclipse.swt.widgets.Dialog of search resufls on >tack Livertiow.

During summarization, the participants were asked to use Stack Overflow as well as the Java source
code provided to them within the Eclipse Integrated Development Environment (IDE). This setup
mimics real-life development in the field by creating a realistic representation of how developers use
Stack Overflow while solving their own problems. We gave only the base URL of StackOverflow.com
to participants as a prompt to begin searching. They were able to create their own queries to find
information about the two methods and classes. To avoid any confounding factors, we removed any
prior existing comments from the entire codebase.

We used the Tobii X-60 eye tracker to collect eye tracking data on both the source code and Stack
Overflow elements within the Eclipse IDE and the web browser respectively. We used the eye tracking
infrastructure iTrace [3] (www.i-trace.org), that connects to an eye tracker and automatically maps
eye gaze on semantically meaningful elements in the code (if statements, identifiers ...) and in Stack
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ID1 ID2 D3 ID4 ID5 ID6 ID7 ID8 ID9 ID10 ID11 ID12 ID13 ID14

Overview

72.58% 67.31% 79.72% 87.78%  40.44% 55.48% 71.03% 65.11% 65.42% 56.71% 78.40% 95.37% 73.89% 85.91%

2.17% 11.62% 10.64% 9.05% 33.85% 35.17% 26.95% 22.59% 22.01% 39.65% 16.35% 4.00% 16.28%  10.14%

IDE

Task

StackOverflow 55 y5e  21.07% 9.63%  3.47%  2571% 9.35%  2.02%  1231% 12.57% 3.64%  525%  0.63%  9.83%  3.95%

Figure 2: Overview of Gazes per Participant Distributed by Time Spent Looking at Each Context

Overflow (title, description, code, images, comments, etc...). This mapping works in the presence
of scrolling and context switching. Currently, iTrace is the only tool that can do this automatically.
We used an eye tracker instead of think-aloud studies or questionnaires because it can capture
significantly more fine-grained information during the task without interruptions [4]. After a short
calibration, the participant was ready to start the tasks. We ran this study with fifteen Computer
Science senior students in an eye tracking lab. All participants were familiar with Java and the Stack
Overflow website. The study took approximately 30 minutes to complete.

DATA PROCESSING

The gaze data was first processed using a static analysis tool, srcML (www.srcml.org) that maps the
gaze and its duration to specific tokens on lines in Java source code. After this initial processing, the
data was filtered and aggregated to find the distributions of the time spent looking at Stack Overflow,
the Eclipse IDE environment, and the task text file where the participants wrote the summaries. We
then calculated the distribution of gaze transitions between element types on Stack Overflow and the
IDE. We discarded data from one participant as he did not use Stack Overflow to complete the task
due to some difficulty understanding the instructions.

PRELIMINARY RESULTS

The overall distribution of gaze time between the Eclipse IDE, Stack Overflow, and the task file where
participants wrote their summaries is shown in Figure 2. We see that the participants spent most
of their time looking at the code base in the Eclipse IDE however almost all of them read SO pages
for the task. We report gaze time in aggregate on all tasks combined. A task by task analysis is part
of our ongoing work. The results of the study find several observations in response to RQ1 seen in
Figure 3. On Stack Overflow, text and code are the elements that each participant spent a majority of
their time looking at for both questions and answers. In addition, we don’t see a large difference in
the distribution of a participant’s time between questions and answers. The main difference that can
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Stack Overflow By Questions and Answers
D1 ID2 ID3 ID4 ID5 ID6 ID7 ID8 ID9 ID10 ID11 ID12 ID13 D14
QUESTION

To Stack Overflow

& TEXT  5pgay 4586% 42.16% 83.83% 83.69% 72.44% 16.52% 30.56% 23.62% 78.52% 23.42% 47.80% 4085%  68.04%
F S et o o

CODE 38.80% 43.16% 29.66% 12.96% 0.33% 21.09% 78.38% 52.15% 76.38%  8.40% 75.76%  25.79%  53.45%  15.36%

Class 1 of of of of 1] o
Class Attribute 1 o] 1f of 0o 1f o COMMENT
£ 2 ol o 1l o o 315%  1.15%  8.99%  0.92%  6.26%  0.63%  0.00%  050%  000% 000% 000% 000% 296%  4.94%
5 import o of o of of 1] 1
EMethod call 1 ol ol o2l ol o IMAGE  3079;  189% 851% 000% 0.00% 000% 000% 48% 000% 000% 000% 000% 0.00%  0.00%
8 Method Signature of of o ommEEEY 2
§ Retumn of 1] o of of of o TAG 031%  4.83%  3.86%  0.80%  4.94%  4.38% 000%  276%  000%  13.00% 000%  13.21% 197%  0.69%
& Variable BE o o JlHI o
TITLE 176%  223%  643%  1.26%  049%  125%  000% 011%  000% 000%  081%  1321% 0.00%  9.88%
Figure 4: Sum of all participants’ tran- VOTE
2 0.09% 0.88% 039% 023% 4.28% 021% 511%  006% 000% 000% 000% 000% 077%  1.10%
sitions from Java elements to the Stack o
Overflow elements with darker shades
representing a more frequently seen tran- TEXT 62.85% 4340% 58.96% 88.81% 57.20% 15.89% 42.15% 48.70% 4.42%  000%  27.97% 000%  48.20% 62.97%
sition. CoDE
21.66% 4098% 17.76% 0.00%  34.65% 81.44% 44.63% 27.36% 92.33% 0.00%  48.21% 000%  37.38%  36.50%
COMMENT 13499 1546% 22.50% 8.86%  7.95%  1.56%  6.61%  2025% 2.18%  000%  325%  000%  1032% 0.44%
IMAGE  000%  000% 000% 0.00% 000% 111% 000% 000% 000% 000% 20.16% 000%  0.99%  0.00%
To Code Element
. & VOTE  700% 016% 070% 2.33% 0.20% 000% 661% 369% 107% 000% 041%  000%  3.10%  0.00%
(§°° @\\ (_‘)\Qf
= & S 2
& 0,655 < @Q" & & o
Y AR i Figure 3: Gaze Duration Distribution per Participant on Stack Overflow Elements
3 Code of 2| 2| 1K of 1
£t Comment 1| 1] ol 1] 1] o] of 2
& Image o o of of of of of o
g T ) R L be seen is a larger proportion of time being spent looking at comments in answers. Votes are rarel
& Text 0 1H_240H 1 o ger prop gsp g . y
E  Title 0 0| Ol 0 0| OI of o looked at in both questions and answers in Stack Overflow, with a maximum of 6.61% of the time
I Vote ol ol of of 1] o] of o

looking at answers and a maximum of 5.11% of the time looking at the questions (ID7). Overall, we
found participants to read the text more than the title of the post and code more than comments. They
rarely looked at tags or votes.

To answer RQ2, the gaze transitions between the Java source code and Stack Overflow questions
were filtered and gathered into a transition matrix. Transitions from Java source code and the Stack
Overflow page elements are shown in Figure 4. The most common transitions from Java to Stack
Overflow are method signatures to the question/answer text or title of a post and from a variable
declaration to the question/answer text in a SO post. Method signatures are one of the most looked
lines of Java source code when returning from SO pages. Besides method signatures, when leaving
SO, participants mostly looked at either the question/answer text element or code element before

Figure 5: Sum of all participant’s transi-
tions from Stack Overflow elements to
Java elements with darker shades repre-
senting a more frequently seen transition
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OBSERVATIONS
The code snippets are the second most looked
at element on SO questions and answers

Even though a participant could freely
search SO posts to write their summaries,
they still spent a lot of time looking at the
code itself. Figure 2 shows the distribution of
time spent in the IDE vs. writing the summary
(task) vs. SO pages.

Comments on answers to questions are
looked at more than comments on the
question itself.

Tags and Votes were rarely looked at in
this study. It is possible that the task we

used (summarization) might have caused this.

Another task could have a different result.
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returning their gaze to the Java source code (see Figure 5). As part of future work, we are looking at
when these transitions occurred in order to relate that knowledge to when the tasks were completed.

CONCLUSIONS AND FUTURE WORK

The paper presents our initial results on what developers look at on Stack Overflow and how they
navigate between source code and SO pages when summarizing code elements. The title of a post
was not looked at as much as the rest of the text on the SO post and rarely did participants look at
tags or votes.

As part of our ongoing future work, we are analyzing the summaries that the participants wrote and
correlating them to the specific content looked at on SO pages. We are also conducting an in-depth
analysis - per method and class summarized - of what the participants looked at while they read
the code. We also plan to analyze the queries participants used during the SO search and how they
relate to task correctness, completeness and efficiency. Such information is very useful for automated
code summarization tools as they pick and choose what keywords to include in summaries. The
findings on how developers search will not only help increase the quality of questions and answers on
Stack Overflow via community guidelines, but also the success rate of finding a relevant resource to
developers’ problems. In addition, this information could help educators teach students how to look
for relevant information on Stack Overflow.
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