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Abstract

Although many software development projects have moved their developer discussion
forums to generic platforms such as Stack Overflow, Eclipse has been steadfast in hosting
their self-supported community forums. While recent studies show forums share similar-
ities to generic communication channels, it is unknown how project-specific forums are
utilized. In this paper, we analyze 832,058 forum threads and their linkages to four systems
with 2,170 connected contributors to understand the participation, content and sentiment.
Results show that Seniors are the most active participants to respond bug and non-bug-
related threads in the forums (i.e., 66.1% and 45.5%), and sentiment among developers are
inconsistent while knowledge sharing within Eclipse. We recommend the users to identify
appropriate topics and ask in a positive procedural way when joining forums. For devel-
opers, preparing project-specific forums could be an option to bridge the communication
between members. Irrespective of the popularity of Stack Overflow, we argue the benefits of
using project-specific forum initiatives, such as GitHub Discussions, are needed to cultivate
a community and its ecosystem.

Keywords Eclipse - Forum - Participation - Discussion - Sentiment

1 Introduction

As one of the discussion group channels, forums support mass communication and coor-
dination among distributed software development contributors (Storey et al. 2017). Forums
are considered to be an improvement over mailing lists in that it provides browse and search
functions, which are especially helpful for repetitive questions and answers (Squire 2015).
Recent studies have been conducted that compare forums to communication chan-
nels that seem to have similarities to a forum. For instance, there have been studies on
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mailing lists (Guzzi et al. 2013; Zagalsky et al. 2018), question and answer sites (Stack
Overflow) (Ye et al. 2017; Wang et al. 2018; Zou et al. 2017; Calefato et al. 2018),
Microblogs (Guzman et al. 2016; Mezouar et al. 2018), and News aggregators (Aniche et al.
2018). Kahani et al. analyzed discussion topics using a topic modeling technique (Kahani
et al. 2016). Squire studied the transition from self-supported forums to Stack Over-
flow (Squire 2015). It has been reported that generic question and answer platforms such as
Stack Overflow have taken over the roles of forums. For instance, many software develop-
ment projects had closed their self-supported forums and moved to Stack Overflow (Squire
2015). Furthermore, gamification strategies such as awarding of badges or a voting sys-
tem of Stack Overflow are considered to be incentives designed to participate and improve
answer quality (Squire 2015).

From the perspective of forums, the novelty of this work is a comprehensive investiga-
tion into how a large forum in the Eclipse ecosystem is utilized. Due to the large amount of
information available, we are now able to cover different facets of communication between
its members. As a long-living free and libre and open-source software (FLOSS) project, the
Eclipse project still maintains an established and active forum, that has also been a targeted
data source for three MSR Mining Challenges.!*?-3 The forum handles its massive ecosys-
tem, centralizing all contributor activities within the Eclipse ecosystem, such as contributed
projects, reviews in Gerrit, and topics in forums (i.e., Profile, Forums, Gerrit, Bugzilla,
Projects).* Furthermore, Eclipse forums support donation badges, which does have a prac-
tical impact and signalling on decreasing response time of bug reports (Nakasai et al. 2018).
In addition, unlike the other online question and answer platforms such as Stack Overflow,
Eclipse manages their users, assigning different contributions based on status (i.e., Junior,
Member, and Senior).

In this paper, we conduct an investigation the Eclipse forum in terms of participation, content
and sentiment. We first perform an analysis to classify the membership status of the users.
Then we set out to empirically investigate forum threads and 2,170 connected contributions
to other four systems, (i.e., around 416 thousand profiles, 120 thousand code review submissions,
532 thousand bug reports with 2,883 committers from multiple projects) within the Eclipse
ecosystem. To guide our empirical analyses, we formulated the following research questions:

— RQ\: How does participation differ according to membership status?

Motivation: First, this study is conducted to answer the extent to which users in
the ecosystem participate in (1) using forums and (2) using various systems. Second,
we would like to analyze the extent to which different types of forum members in the
ecosystem take to respond a particular type of post.

Results: Senior Members are the most active forum users to participate in responding
to the bug-related threads (66.1%) and the non-bug-related threads (45.5%), with active
contributors in other systems are also active in forums, making it a source of expert
knowledge for all systems.

—  RQ»>: How do communication content vary for different membership statuses?

Motivation: The key motivation for RQ> is to understand the message contents
posted by both the organization and users, the most frequent content of posts in the

IMSRMiningChallenge2007: http://2007.msrconf.org/challenge/.
2MSRMiningChallenge2008: http://2008.msrconf.org/challenge/.
3MSRMiningChallenge2011: http://2011.msrconf.org/msr-challenge.html.

4 Antoine Thomas, The Eclipse User Profile, http://blog.ttoine.net/en/2016/12/01/the-eclipse-user-profile/,
December 1, 2016.
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forums, and how users reference the information sources to support their answers. In
detail, we also investigate different contents that users share in Eclipse forums.

Results: Eclipse forums are dominated by question and answer threads, especially
discrepancies, amounting to 28.5%, most of which were posted by Junior Mem-
bers, with replies and welcome messages being the two most frequent posts by the
organization.

—  RQs3: What are the differences perceived in the sentiment of interaction based on
membership status?

Motivation: The motivation of RQs is to get deep insight on developers sentiment
while sharing knowledge. Throughout this RQ, we aim to test the degree of consistency
while interacting with each other.

Results: The sentiment among developers is inconsistent while knowledge sharing
in the Eclipse forums.

Our results provides arguments for the need to support project-specific forums, especially
for large ecosystems of projects. In summary, the main contributions of our work are as fol-
lows (i) a comprehensive study of threads in Eclipse forum, covers 832,058 threads with
links to profiles, code review, bugs and project systems, (ii) an analysis of Eclipse forum
membership using topological analysis, (iii) a manually labelled taxonomy of forum con-
tent communicated, (iv) a manual analysis on social interactions within an ecosystem and
(v) a set of recommendations for both researchers, and practitioners on the use of forums.
The rest of this paper is structured as follows. Section 2 describes our procedure to collect
data through five different systems in the Eclipse ecosystem, membership classification,
and an online appendix. Section 3 presents our approach to empirically analyze the users’
participation, content of forums, and sentiment of interactions. The results of the study are
presented in Section 4. Sections 5, 6 and 7 describe our recommendation, threats to validity
and provide related works. Finally, we conclude this paper in Section 8.

2 Data Collection

In this section, we describe the procedure of our data collection, and present our replication
package. Our goal is to investigate the nature of participation, content, and sentiment of
interaction based on the membership in the Eclipse forums. Thus, in this study, we also
present how we distinguished the statuses of members.

2.1 Eclipse Community System Collection

Figure 1 illustrates the schema that connects the five software development datasets within
the Eclipse ecosystem. This connected data enables the integration of contributors’ various
activities. Since the Eclipse REST API requests are limited to 1,000 an hour, we collect
data not only from API but also from individual systems, that is, Profile, Forums, Gerrit,
Bugzilla, and Eclipse Projects.

— Profile Dataset. Each contributor in the Eclipse ecosystem is required to register for
a profile.’ The profile contains basic contributor information and can be used to track
contributor activities.

Shttps://accounts.eclipse.org/user/register
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Fig.1 Connected data from Gerrit, Bugzilla, Forums, and Projects via REST API in the Eclipse ecosystem

— Bugzilla Dataset. The Bugzilla dataset contain the tracking of bug reports and their
fixes within the Eclipse ecosystem.®

— Projects Dataset. To track social roles (committer, review, mentor, etc.) of contributors,
we include the project dataset.”

—  Gerrit Dataset. Gerrit is a review tool that facilitates collaboration between committers
and contributors within Eclipse.

—  Forum Threads. Eclipse community forums, a user-to-user interaction site for Eclipse
users, have a hierarchical structure. It contains a number of sub-forum categories which
may have several topics. Within a forum’s problem-related topic, each new initial post
by a user can have a response from other users in the community.

The participation of contributors within the Eclipse ecosystem can be analyzed from the
connected data of five datasets, as described in Fig. 1. As presented in Table 1, the data used
in this analysis are extracted through several steps.

Step 1: In this step, we extracted the dataset from five different sources, that are, Profile,
Bugzilla, Projects, Gerrit, and Forums. For Profile dataset extraction, 416,150 uids and
names were collected on September 14, 2018 from the profile system.® Using the Profile
API, 416,126 Profile data were obtained (24 users were not found) from November 5
to 13, 2018. To connect the activities in Bugzilla with the Profile dataset, we used the
email addresses. We extracted 531,752 bug reports from October 10, 2001 to January
13, 2019. From the Projects data source, we then collected a total of 2,942 committers
from the obtained 438 projects (on January 16, 2019). Among them, the information of
59 committers could not be accessed because of the deletion of accounts. Hence, the
remaining 2,883 committers can be connected with the Profile dataset through the uid.
We collected 120,165 Gerrit submissions from October 1, 2009 to October 31, 2018.
We link users with the Profile dataset, using the name or email to match. To download
the forum threads, we extract the data from its API. We downloaded 1,097,174 threads
(topics) available in the Eclipse community forums until January 9, 2019.°

Shttps://bugs.eclipse.org/bugs/

7A detailed list of Eclipse projects is available from https:/projects.eclipse.org/.
8https://accounts.eclipse.org/user/
9https://www.eclipse.org/forums/index.php/t/
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Table 1 Connected data extraction from five data sources within the Eclipse ecosystem

Step Dataset Quantity

Step 1: Profile 416,126 Profiles
Bugzilla 531,752 Bug reports
Projects 2,883 Committers
Gerrit 120,165 Submissions
Forums 1,097,174 Threads

Step 2: Connected Gerrit contributors 2,170 Contributors
Connected forum messages 467 Messages

Step 2: The connected forum data are collected in this step. On November 23, 2018, we
extracted forum message data from Gerrit contributors, via the Eclipse REST API. As
part of the data collection process, we applied a pre-processing to detect and remove
duplicated accounts. We report 39 pairs of Gerrit and Eclipse forum accounts that have
same names but different usernames. Through manual examination, we verified identities
within those pairs; 27 pairs were found to be identical and merged. After the duplicate
removal and linking to Profile data, we obtained 2,170 Gerrit contributors and extracted
467 forum messages that connect to these Gerrit contributors.

The collected 2,170 contributors from this extraction are then used to investigate the par-
ticipation of contributors within the Eclipse ecosystem using a topological data analysis
technique (i.e., TDA). TDA is a method to extract valuable information from high-
dimensional data that is insensitive to metric, noisy, and incomplete without formulating an
initial hypothesis (Lum et al. 2013). To build the topology, we construct the metrics of each
contributor from the four data sources, namely, Bugzilla, Gerrit, Forums, and Projects (see
the details in Section 3.1). The metrics describe the connected activities of the contributors
within the Eclipse ecosystem.

Figure 2 depicts different elements of a thread in the Eclipse forums, including (i) the
topic category and subcategory, (ii) the member status, (iii) date of creation, and (iv) the
link that was posted in the thread.

To improve the quality of our dataset, as shown in Table 2, the forum threads underwent
three stages of filtering.

1. Step 1. Raw extraction. In this step, we use all 1,097,174 collected threads yielded from
Step I in Table 1.

2. Step 2. Remove duplication. In the Eclipse community forums, we found that some
threads had been duplicated by the system several times. To avoid redundancies, we
removed such threads based on the identity number of initial posts. We were able to
reduce the number of threads to 832,058.

3. Step 3. Separation. To investigate how the organization communicates with the mem-
bers and analyze the characteristics of forum usages, contents, etc., we separate those
threads posted by the webmasters and the non-webmaster users that include the threads
from users that contribute in the other systems. Webmasters deal with the servers and
software that runs the eclipse.org site. ' Webmasters have different roles in the forum

10https://wiki.eclipse.org/WebMaster
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Forum and topic category

» Eclipse Projects » EclipseLink »

Wed, 25 November 2009 17:41

Date of creation

User status

Link sample

http://docs.jboss.org/hibernate/stable/annotations/reference /en/html/entity.html#d0e2273

Fig.2 Example of a forum thread

than other users, so they need to be classified. Also, by analyzing the content of web-
masters’ posts, it is possible to understand how the organization is engaged in the
forum. From the total number of threads resulted in Step 2, we were able to sepa-
rate (i) 542,997 threads posted by the webmasters and (ii) 289,061 threads posted by
non-webmaster users.

2.2 Membership Classification

This section describes our techniques to classify the membership of users for each posted
message. Unlike the other question and answer online forums such as Stack Overflow, in
the Eclipse community forum, all registered users are assigned into three statuses of mem-
bership, that are, (1) Junior, (2) Member, and (3) Senior. These user statuses are included in
our collected data resulted from Step 3 in Table 2 which can be seen in every post of a user,
as shown in Fig. 2. The status of each user may change from the lowest level (i.e. Junior)
into the highest one (i.e. Senior) depending on the contributions of the user in the commu-
nity. However, in the forum, we could not differentiate which posts were posted by users
when they were a Junior, Member or Senior. This is because once the status of a user has
changed, it will replace the old status in all posts of a user with the latest status, including

Table2 Outputs of the

pre-processing of the forum Step # Threads
dataset
Step 1: Raw extraction 1,097,174
Step 2: Remove duplication 832,058
Step 3: Separation:
(1) Threads by webmaster 542,997
(ii) Threads by non-webmaster users 289,061
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their first posts. Furthermore, we also did not find any information about the time when the
status of a user changed.

To define the member status of each registered user, we attempted to calculate the total
number of posts of every user. From this amount of posts, we summarized the quantity of
posts per author based on the user identity number. The total number of posts per author
varies, from less than ten to more than one thousand posts. In this step, we found the max-
imum number of posts of each user if we consider the latest status of users as collected in
the dataset, as shown in Fig. 3. The maximum number of posts by Juniors and Members are
29 and 106 respectively, while the maximum number of posts by Seniors is 28,476. Based
on this finding, we used these maximum numbers as the thresholds to differentiate the user
status for each post based on the sequence number of a post. The sequence number of a
post depends on its creation date in order. The earliest post is assigned as the first post, then
followed by the other posts ordered by date of creation.

Users’ classification As shown in Table 3, we are able to assign the status of the users in
all posts based on the sequence number of the posts and able to distinguish the posts that
were posted by the users when they were Junior, Member and Senior. The posts that are
assigned from 1 to 29 are considered as posts that were posted by Juniors, while posts from
number 30 to 106 were posted by Members, and Seniors posted the posts from 107 up to
the remaining posts.

In the Eclipse forums, we also found that there are a lot of posts posted by authors
with the username “Eclipse User”, accounting for 30% of the forum users, as described in
Table 3. In the threads, this username is automatically assigned by the system and could
be from anyone. It does not show the status explicitly whether Junior, Member, or Senior.
Furthermore, it does not have a user identity number and a link that connects to the user’s
profile. Since we only focus to identify the three statuses of the user in the analyses, the
messages that were posted by “Eclipse User” were excluded. After the exclusion process,
we obtained 202,602 threads that were only posted by Juniors, Members and Seniors.

Senior }— XXX X
Member x106
Junior x29
0 100 200 300 400 500 600

# posts

Fig. 3 Frequency of posts per user status. The maximum number of posts for each type of users is used
to define the threshold of post-based membership. The threshold for Juniors and Members are 29 and 106,
respectively. Although Seniors have posted more than 28 thousands posts, we limit up to 600 in the figure
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Table 3 Frequency of posted

threads based on the Status # Threads (%)
classification results
Junior Member 144,440 (50%)
Member 31,719 (11%)
Senior Member 26,443 (9%)
Eclipse User 86,459 (30%)
Sum 289,061 (100%)

Message distribution Figure 4 shows the contributions of forum members in the Eclipse
forums based on the memberships of our classification. Even though the number of Junior
Members is higher, they had posted a smaller quantity of posts, compared with the two other
user categories. In contrast, although the total number of Senior Members is lower than the
other forum members, most Seniors have contributed in the forum multiple times.

2.3 Online Appendix

Our online appendix contains five data files used in this study: (i) 289,061 non-webmaster
threads associated with the information of thread URL, message identity number, forum
name and topic, thread title, name of initial-post user, user identity number, and mem-
ber status; (ii) 216,864 links with the description of thread url, thread title, user’s name,
extracted link, the link with first directory, domain name, and top level domain; (iii) 2,170
contributors with the metric values described in Table 4; (iv) 1,149 samples of the anno-
tated threads to answer the types of contents; and (v) 1,149 pairs of initial post and first
response that are labeled based on the polarity and interaction sentiment. The appendixes
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Fig.4 Distribution of posts per user category after classification
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Table 4 Contributor metrics

Metric Description System
bug_subm # of submitted bug reports Bugzilla
bug_comm # of bug reports to which only are added comments Bugzilla
review_subm # of submitted patches for review Gerrit
review_comm # of reviews to which only are added comments Gerrit
thread # of threads participated in Forums
committer # of committer roles Projects

are available at https://doi.org/10.5281/zenodo.4451766 and https://github.com/yusufsn/
EclipseForumData.

3 Methods

In this section, we describe our approach to answer the three research questions.
3.1 RQq: How Does Participation Differ According to Membership Status?

Before we study the participation of users’ based on their membership statuses, how contrib-
utors participate to each system (i.e., gerrit, bugzilla, projects and forums) were analyzed.
We would like to understand how many of the contributors are using multiple systems, and
whether or not they are forum users.

Shape of contributors’ participation To show how contributors use the multiple systems
we adopt a topological data analysis technique (i.e., TDA) (Lum et al. 2013). TDA is a
topological technique to extract valuable information from high-dimensional data that is
insensitive to metric, noisy, and incomplete without formulating an initial hypothesis. This
technique applies (algebraic) topology and computational geometry to create a shape of a
high-dimensional dataset (Lum et al. 2013).

TDA has been applied in various fields such as an analysis of bacteria survival in
soils (Ibekwe et al. 2014) and the performance of NBA players (Lum et al. 2013). Most
recently in software engineering, Lertwittayatrai et al. (2017) used TDA to distinguish char-
acteristics of JavaScript npm libraries (such as licence usage, dependency usage and so
on) and Tantisuwankul et al. (2019) to analyze the implementation of such communication
channels over open source software projects. We use TDA to provide a visual representa-
tion that shows (i) the activity levels for each feature and (ii) show the contributor activity
across systems, especially with respect to forums.

As shown in Table 4, we first prepare a contributor metrics data that will be used as
features for the TDA mapper. This data contains 6 metrics that pertain to the different activ-
ities for each system from the 2,170 Gerrit contributors described in Section 2.1. We use
the Knotter tool,!' which is an implementation of mapper algorithm and the t-Distributed
Stochastic Neighbor Embedding (t-SNE)(Van der Maaten and Hinton 2008), a technique

https://github.com/rosinality/knotter
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for dimensional reduction and clustering, and our defined features as the filters for the
visualization construction.

For evaluation, we present the typologies of the four systems, highlighting the most active
contributors. To show this relationship in terms of their contributions to the forum, we will
annotate the most active contributors of forums.

Membership-based participation To study how users participate in the forums based on
their statuses, we divided the type of threads into two categories, (i) bug-related threads,
and (ii) non-bug-related threads. In this analysis, we targeted all 202,602 threads that were
posted by the registered users (after excluding “Eclipse User” from the dataset), as shown
in Table 3. To distinguish the category of threads, we filtered the threads using the Eclipse
bug-report URL as the keyword, that is, bugs.eclipse.org. If the threads contain at least
one keyword of the bug-report URL, the threads are categorized as bug-related threads,
otherwise, non-bug-related threads. Since we investigate how developers respond to bug-
related and non-bug-related threads, the threads without any response were excluded. After
this process, we subsequently investigated 128,698 bug-related threads, and 25,052 non-
bug-related threads.

For both categories of threads, we separated the targeted threads into three classes based
on the status of the askers (initial poster), that is, Juniors’ threads, Members’ threads, and
Seniors’ threads. In each thread, we then classified the response messages into the same
classes as the askers to investigate the user types of the answers. To reduce bias, the answers
from the same authors who ask the questions in the threads were excluded. We also removed
the response messages with duplicate identification numbers of the answers in each thread.
Finally, we quantified the frequency of the answers grouped by their membership statuses.

In addition, to statistically validate our results, we applied Pearson’s chi-squared test (%)
(Pearson 1992) with the null hypothesis “bug and non-bug related threads have independent
participation by all members of different statuses.” The Pearson chi-square statistical test is
commonly used for testing relationships between one or more categorical variables.

3.2 RQ;: How do Communication Content Vary for Different Membership Statuses?

This analysis includes the investigation of message patterns posted by the organization, the
hottest topic of threads discussed in the forum, and the forum linkage to the external sources.

Threads by organization In the Eclipse community forums, a large number of posts were
posted by the organization that deals with the servers and software that runs the eclipse.org
site.'> When the organization posts a message in the forums, they employ the same identity,
that is “Eclipse Webmaster”. To understand how the Eclipse Webmaster manages its com-
munity forums, we used 542,997 messages collected in Section 2.1. Since we found there
are a large number of duplicated messages in our collected dataset (e.g. the closure of forum
listed in the topic name'3 !4), we removed them. After the removal of these duplicate mes-
sages, there were 934 messages with different contents. For these messages, we found some
frequent patterns. Since the messages were unstructured and did not contain explicit key-
words, we manually examined the contents of the 934 messages and classified them into 9
patterns.

2https://wiki.eclipse.org/WebMaster
Bhttps://www.eclipse.org/forums/index.php/f/102/
Y https://www.eclipse.org/forums/index.php/sp/9957/
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Forums and topic categories To identify the forums and topics that are mostly discussed
by the users, we quantitatively analyzed the messages based on their forum names and topic
categories that are embedded in the collected threads. We investigated 289,061 threads that
were posted by the non-webmaster users, as presented in Table 2.

Forums linkage To understand how forum links to the external sources in the Eclipse
ecosystem, we manually analyzed a representative sample of links. The link targets are
extracted from 289,061 threads posted by the users (see Table 2). We first prepared a statis-
tically representative sample from 216,864 collected links by computing a random sample
of data with a confidence level of 95% and a confidence interval of 5.5 The calculation of
the sample size yields 383 links.

To extract the usage of the link targets, we performed a manual labeling to all link targets
from our sample (similar to Hata et al. (2019)). At this stage, the authors of this paper
specified the code for categorizing the usage of the links. The initial codes used to categorize
the links were imported from the study by Hata et al. (2019). However, we dropped several
labels because they are unrelated to our research. We also combined and adjusted some
codes to make them appropriate to our study. Similar to other works in classifying the link
targets (Hata et al. 2019), four authors of this paper (the first, third, fifth, and the sixth
authors) then coded the first 30 links from the representative sample independently using the
designed codes. The kappa agreement from the four raters is 0.81 or ‘almost perfect’ (Viera
and Garrett 2005). Based on this encouraged agreement, the remaining link targets were
then coded by the first author.

The codes used to characterize the link targets including the description are as follows:

—  404: the link target cannot be accessed or missed

—  bug report or Bugzilla: a specific bug report or a Bugzilla top page

—  other documentation: documentation of a product or project in general except for API
documentation

—  personal or organization homepage: a web page of an individual or organization

—  product or project homepage: a web page of a product or project

—  API documentation: specific documentation of an API component

— tutorial or article: a tutorial or technical article without comments

—  thread: thread in the forums

— blog post: informational website that displays postings by one or more individuals and
usually has commenting section

— release: a web page informing the release of new files, new versions of a software, new
packages, etc.

— code: a web page of a source code file

—  book or research paper: a web page of a book or entire book or academic paper

— licence: licence of a software project

— other: anything that does not fit the other labels, or a web page requiring sign-in. For
example, a link that directs to a non-English web page http://www.vsa.de/marvin/dsl/
mask/0.1 referenced in a forum content. '

Membership-based content Our approach to categorize the content based on the user’s
statuses is through manual analysis of a representative sample. Since this analysis only focus

https://www.surveysystem.com/sscalc.htm
16https://www.eclipse.org/forums/index.php/t/627844/
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on the threads that were initially posted by the three types of registered users (i.e. Juniors,
Members and Seniors), we excluded all threads that were initially posted by “Eclipse
Users”. Similar to the procedure of forum linkage analysis, the statistically representative
samples from the 202,602 threads were prepared. The calculation of the sample size yields
379, 380, and 383 threads for Senior Member, Member, and Junior Member from a total of
202,602 threads.

To extract the content types, we conducted an interactive process of coding. In this pro-
cess, three authors of this paper (i.e. the first, fourth, and fifth authors) firstly discussed the
initial coding guide from previous work (Beyer et al. 2020). To make the coding guide fit
with our study, the initial coding guide were adjusted and the other codes were added for
labeling the threads. Similar to the approach from prior works (Abdellatif et al. 2020; Hata
et al. 2019), the authors subsequently coded 30 initial posts of a thread independently for
each type of askers in the sample using the designed labels. The kappa scores for each status
of askers were calculated to see the level of agreement between three authors.!” We gained
0.76 and 0.72 for both Juniors and Members which mean ‘acceptable’, and 0.82 for Seniors
which indicates ‘almost perfect’ (Viera and Garrett 2005). Based on these motivated agree-
ment scores, the coding task for the remaining main posts from the sample were undertaken
only by the first author. The following terms list shows the labels used in our analysis to
code the threads discussed including the descriptions:

1. Question-and-Answer threads: if the thread is triggered by a question for asking a
solution, reason, advice, clarification, or guidance even if the questions are unanswered,
then we used the following coding guide:

—  Errors: questions about specific errors, including error messages, exceptions, the
stack trace, etc. Beyer et al. (2020).

—  Review: this category merges the categories Decision Help and Review (Treude
et al. 2011), the category Better Solution (Beyer and Pinzger 2014), and
What (Rosen and Shihab 2016), as well as How or Why something works (Alla-
manis and Sutton 2013). Questioners of these posts ask for better solutions or
reviewing of their code snippets. Often, they also ask for best practice approaches
or ask for help to make decisions, for instance, which API to select.

—  Plans: asking for the future plans or processes of the development.

— Learning: this category merges the categories Learning a Language or Technol-
ogy (Allamanis and Sutton 2013) and Tutorials or Documentation (Beyer et al.
2017). In these posts, the questioners ask for documentation, tutorials, or exam-
ples to learn a tool or language. In contrast to the first category, they do not aim at
asking for a solution or instructions on how to do something. Instead, they aim at
asking for support to learn on their own.

—  Usage: this category subsumes questions of the types How to implement some-
thing and Way of using something (Allamanis and Sutton 2013), as well as the
category How-to (Beyer and Pinzger 2014; Treude et al. 2011), and the Interaction
of API classes (Beyer et al. 2017). Specific functionalities are mentioned in the
question. The questioner is asking for concrete instructions.

—  Versions: this question category is equivalent to the categories Version (Beyer and
Pinzger 2014) and API Changes (Beyer et al. 2017). The questions arise due to the

"http://justusrandolph.net/kappa/
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changes in an API or due to compatibility issues between different versions of an
API Specific versions are mentioned in the questions.

—  Conceptual: The posts of this category are equivalent to the category Con-
ceptual (Treude et al. 2011) and subsumes the categories Why...? and Is it
possible...? (Beyer and Pinzger 2014). Furthermore, it merges the categories
What (Rosen and Shihab 2016) and How/Why something works (Allamanis and
Sutton 2013). The posts consist of questions about the limitations of an API and
API behaviour, as well as about understanding concepts, such as design patterns or
architectural styles, and background information about some API functionality.

— Discrepancy: the posts that are not questions of particular errors, but no clue how
to solve questions (Beyer et al. 2020).

2. Non-Question-and-Answer threads: if the thread is triggered by a non-question post,
we categorized the topics using the following labels:

—  Misuse: a post is identified out of the scope, unrelated to the community forum, or
difficult to understand.

— Announcement: a post provides an announcement from system or core developers
about specific events (e.g. future updates, file release).

— Information: a post provides a general information. It could be from anyone.

—  Recruitment: indicates an offer of a job vacancy or recruiting people.

— Test: apost is used for a test.

—  Other: anything that does not fit the above labels, including posts that respond to a
post from different threads (the post is not an original question from the asker).

To validate the results statistically, we then apply Pearson’s chi-squared test (x2) (Pear-
son 1992) with the null hypothesis “the communicated content and the members of different
statuses are independent.”

3.3 RQj3: What are the Differences Perceived in the Sentiment of Interaction Based
on Membership Status?

Our approach to answer RQs is through manual analysis of a representative sample to under-
stand the sentiment of forum users based on their member statuses while sharing knowledge.
To analyze the sentiment, we only focus on the initial posts of any threads that were posted
by three types of users (i.e., Juniors, Members and Seniors) and their first replies. This is
because the first reply in each thread shows the tangible feeling of a user reaction in respond-
ing to the initial posts. Similar to Section 3.2, we excluded all the initial posts from “Eclipse
User”. We then prepared statistically a representative sample for each users type with 95%
confidence interval.!> The calculation of the sample size yields 379, 380, and 383 pairs of
initial post and first response for Senior Member, Member, and Junior Member, respectively.

To find the types of sentiment among users, we conducted an interactive process of cod-
ing. In this process, three authors of this paper first discussed the initial coding guide from
previous work (Kauffeld and Lehmann-Willenbrock 2012). To make the coding guide fit
with our study, the initial coding guides were adjusted. We (first, second, and sixth authors)
then independently applied the adjusted coding rules on both initial posts and the first
responses of the first 30 samples of thread. We used the kappa score calculator to check the
agreement level and find the score 0.78.!7 According to Viera and Garrett (2005), this kappa
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agreement score is ‘acceptable’. Based on the agreement level, the coding tasks for the
remaining threads from samples were undertaken by the three authors, which each author
classified 383 different samples of threads.

Our sentiment analysis is composed of two different analyses. First, we investigated the
polarity more generally. Second, we performed a deeper analysis of the contents to charac-
terize the social interaction. The following terms list shows the labels used in our analysis
to code the type of polarity and interactions while sharing knowledge through forums.

1. Polarity analysis: To analyze the polarity of messages, we used the following three
labels:

Positive: It includes posts that has positive feeling while reading and also include
positive words (i.e., good, nice, working example, thanks a lot etc). For example:

Thanks, you have been a great help. It is enough for me.

Neutral: It includes posts that has neutral feeling (e.g. started with positive then
ended with negative talks) while reading or do not include any biasing words (i.e.,
positive, negative). For example:

See the Task List’s view menu’s “Show Ul Legend” action for an explanation
of the colors and a link to how to change them.

Negative: It includes posts that has negative feeling while reading and also include
negative words (i.e., error, bug, not working etc). For example:

I've added some custom key binds in M8 and sometimes they don’t work.
They still show up in the preferences dialog, but they are not indicated on
the menu items they are assigned to. Closing Eclipse and restarting fixed the
problem. Anyone else seen this? I don’t know of any repro steps at this point.

2. Interaction analysis: To analyze the interactions between forum members in the
threads, we used the following seven statements:

Positive Procedural (PPc): It includes procedural statements that are goal oriented
(i.e., pointing out or leading back to the topic), procedural suggestion (i.e, sug-
gestions for further procedure), procedural questions (i.e., questions about further
procedure), economical thinking (i.e, weighing costs/benefits), etc.

Positive Socioemotional (PS): It includes socioemotional talks like encouraging
participation, agreeing suggestions, offering praise, etc.

Positive Proactive (PPa): It includes proactive statements that discusses interesting
ideas, planning actions, agreeing upon tasks to be carried out, etc.

Neutral: 1t includes statements that can’t fall in the above categories or posts that
are neutral in nature.

Negative Procedural (NP): It includes procedural statements that talks more about
failure of procedure, complaining the procedure (i.e., behaviour of API, code),
irrelevant things, etc.

Negative Socioemotional (NS): It includes socioemotional talks like criticizing,
disparaging comments about others, etc.

Negative Counteractive (NC): It includes counteractive statements that cover
irrelevant problems, no action plan, terminating discussions, etc.
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Similar to the statistical validation of the results in RQ; and RQ», Pearson’s chi-squared
test (x2) (Pearson 1992) is applied with the null hypothesis “the sentiment of interactions
and the members of different statuses are independent.”

4 Results
In this section, we present the answer to the research questions and describe the results.
4.1 RQ;:How Does Participation Differ According to Membership Status?

Figure 5 shows the topology of active Eclipse contributors in all other systems. Each node
in the visualization represents similar sets of contributors. In general, the map is read as
follows:

1. Topology cluster - a cluster of nodes represent contributors that shared similar features
(i.e., share similar contributions per systems). Hence, closely clustered nodes indicate
these contributors share the same attributes.

2. Topology color activity - the color represent the density of each feature. Starting from
red to blue, the red color (i.e., red=low activity) indicates a low activities of the fea-
ture, while green to blue color represented high activities (i.e., blue=high activity). For
example, with the review comments feature, contributors that contributed many reviews
to the Gerrit system were clustered in the green nodes, while those contributors with
almost no activity are assigned red color.

Shape of contributors’ participation Figure 5 shows that the Eclipse contributors with
high activities in all other systems are more active in the forums. As shown in Fig. 5b
and c, Eclipse contributors seem to work on Gerrit and Bugzilla systems to report bug and
submit review. This is because permission may be required for submission and committing
of patches. Hence it is not easily accessible. Another interesting observation is that forums
are used by the more socially active contributors. This is illustrated in Fig. 5d that those
who are more active in Eclipse forums also participate more frequently in Eclipse projects
as committers, as indicated in the white area of Fig. 5b and c. This provides evidence that
the forum is a source where expert knowledge can be shared.

Summary: We find that active contributors are also active in forums, making it a
source of expert knowledge for all systems.

Membership-based participation As shown in Table 5, Seniors seem to be the most active
forum users in responding any category of threads, 66.1% in bug-related threads and 45.5%
in non-bug-related threads, followed by Juniors and Members respectively. In the category
of non-bug-related threads, Juniors mostly responded to Juniors’ initial posts, and Seniors
mostly responded to Seniors’ initial posts, while Members frequently responded to Juniors’
initial posts. In both categories of threads, Juniors and Members also replied to the Seniors.
It indicates that the communication between forum users is not limited by the type of users.

For the statistical evaluation, we find that there is an association between the bug/non-
bug related threads and the members of different status. Our null hypothesis on “bug and
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Forums

(c) (d)

Fig.5 The topology shows that Eclipse contributors with high activities in all systems (i.e., (a) Forums, (b)
Bugzilla, (c) Gerrit, (d) Projects) are active in forums. Note that the metrics are taken from Table 4. We draw
the white area manually to represent the contributors that actively participate in the forums

non-bug related threads have independent participation by all members of different
statuses” is rejected (i.e., p-value is < 0.001).

Summary: Compared to the Juniors and Members, Seniors are the most active
forum users in responding any category of threads. For bug related threads, Seniors
are contributing way more than the Juniors and Members. For non-bug related
threads, Junior users responded more to Juniors’ initial posts, and Senior users
responded more to Seniors’ initial posts.

Table 5 Frequency of developers responding bug-related and non-bug-related threads

w Bug-related Threads (%) Sum  Non-bug-related Threads (%) Sum
Answerers Juniors Members Seniors (%) Juniors Members Seniors (%)

Juniors 154 2.7 1.3 194 30.3 39 52 39.3
Members 11.7 1.7 1.0 145 69 5.0 32 15.2
Seniors 511 10.6 4.4 66.1 19.2 5.8 20.5 45.5
Sum 78.8 15.1 6.8 100.0 56.4 14.7 28.9 100.0
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4.2 RQ;: How do Communication Content Vary for Different Membership Statuses?

Threads by organization Table 6 shows the message pattern posted by the Eclipse web-
master. We see that the frequency of the reply and welcome messages have surpassed other
classes. The Re: messages are the most posted message patterns by the webmaster to
indicate the responses to previous messages. The Eclipse webmaster was also frequently
sending a welcome message to the newly registered members in a particular community
discussions group. This type of message is used to provide a brief statement of the purpose
of the newsgroups.

Despite the occurrences of the closure messages are not as frequent as the top 2 pat-
terns, but they were posted by the organization occasionally to inform the contributors that
the related forums had been closed. The other pattern of messages that have a number of
messages posted in the forum are test and archive, as many as 14 and 13 message contents,
followed by guideline, announce and move, with 6, 5 and 4 messages, respectively. Finally,
the prevalence of the pattern “other” in the findings is an indicator of the various message
patterns in the threads posted by the Eclipse Webmaster.

Forum and topic categories Table 7 shows that the Eclipse platform is the most com-
mon topic discussed by Eclipse users. This may imply that the threads are more generic,
rather than being very specific. The next topic is followed by BIRT, i.e., an open source
software project to create data visualizations and reports. Both topics are in the forum of
Eclipse projects. In our statistical records, Newcomers has become the third most topic
in the Eclipse forum. This conversation subject is used dominantly by those who are new
in the Eclipse community. The other prevalent topics are EMF of Modeling, C/C++ IDE
(CDT) and Java Development Tools (JDT) of Language IDEs, to complete the top six topics
discussed in the Eclipse community forums.

Forums linkage Table 8 shows the result of our qualitative analysis. From Table 8, we see
that a bug-related link target from online issue trackers, such as Bugzilla, is the most links
inserted in the messages as a supplement to the answer, accounting for 15%. It indicates
that facing problems or finding a software defect was frequently reported by the users in the

Table 6 Webmaster’s message patterns

Pattern Description (keywords) #
Re: A reply for a previous message (“Re:”) 538
Welcome A greeting to a newcomers (“Welcome to”) 270
Closure Notification of closing threads (“closure”, “forum closed”) 25
Test A test message (“fest”, empty message) 14
Archive Notification of archiving threads (“been archived”) 13
Guideline Rules, intention, or suggestions for users (“posting guidelines”, “please 6
read before posting”)
Announce Notification of specific events or internal conditions (“outage”, “we’re 5
hiring!”, “available”, “shutting down™)
Move Notification of moving threads (“this group has moved to”, “forum move’) 4
Other A message that does not fit the above 59
Sum 934
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Table 7 Top 10 forum and topic categories in the Eclipse community forums

Forum Topic # threads
Eclipse Projects Eclipse Platform 31,795
BIRT 29,019
Newcomers Newcomers 23,054
Modeling EMF 16,171
Language IDEs C/C++ IDE (CDT) 13,449
Java Development Tools (JDT) 13,193
Eclipse Projects Standard Widget Toolkit (SWT) 11,307
Rich Client Platform (RCP) 10,842
Modeling TMF (Xtext) 9,909
GMF (Graphical Modeling Framework) 8,484

forum. Other documentations are also prevalent, nearly the same as personal or organiza-
tional homepages, accounting for 11% and 10% respectively. The common use of the label
‘other’ in the link target types represents the heterogeneous of links present in the Eclipse
forum. Lastly, we also see that 28% of link targets referenced by the Eclipse forum members
are currently inaccessible (i.e. 404).

Frequently linked resources Table 9 shows that the top 10 most prevalent referenced
domains from the collected 216,864 links. We see that the Eclipse organizational homepage
is the most popular link to refer to, which is separated into four most common directories:
Forums, and some Eclipse projects (Modeling, EMF, and BIRT). Bugzilla, a web-based

Table 8 Frequency of link target types in our sample

Availability Target # Links (%)
Available (72%)
Bug report/Bugzilla 58 (15%)
Other documentation 41 (11%)
Personal/organizational homepage 38 (10%)
Product/project homepage 28 (7%)
API documentation 20 (5%)
Tutorial or article 16 (4%)
Thread 15 (4%)
Blog post 10 (3%)
Release 8 (2%)
Code 4 (1%)
Book or research paper 1 (0%)
Licence 1 (0%)
Other 34 (9%)
Not available (28%)
404 109 (28%)
Sum 383 (100%)
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Table 10 Frequency of content types in our sample (gray color represents question-and-answer threads,
white color represents non-question-and-answer threads)

Topic Juniors Members Seniors Total
# % # % # % # %

Discrepancy 153 (39.9%) 114 (30.0%) 58 (15.3%) 325 (28.5%)
Review 51 (13.3%) 63 (16.6%) 39 (10.2%) 153 (13.4%)
Conceptual 31 8.1%) 50 (13.1%) 62 (16.2%) 143 (12.4%)
Usage 45 (11.7%) 36 94%) 44 (11.6%) 125 (10.9%)
Errors 49 (12.8%) 41 (10.7%) 31 (8.2%) 121 (10.6%)
Information 6 (1.6%) 17 (44%) 45 (11.9%) 68 (6.0%)
Learning 19 (5.0%) 19 (5.0%) 13 (3.4%) 51 (4.4%)
Versions 9 (2.3%) 22 (5.7%) 18 (4.7%) 49 (4.3%)
Announcement 3 (0.8%) 5 (1.3%) 22 (5.7%) 30 (2.6%)
Plans 8 (2.1%) 4 (1.0%) 9 (2.3%) 21 (1.8%)
Misuse 1 (0.3%) 1 (0.3%) 6 (1.6%) 8 (0.7%)
Recruitment 2 (0.5%) 1 (0.3%) 2 (0.5%) 5 (0.4%)
Test 0 (0.0%) 2 (0.5%) 3 (0.8%) 5 (0.4%)
Other 6 (1.6%) 5 (1.3%) 27 (7.0%) 38 (3.3%)
Sum 38 (100%) 380 (100%) 379 (100%) 1,142 (100%)

general-purpose bug tracker, is the second most prevalent domain to be referenced, fol-
lowed by the wiki pages and the download pages of Eclipse. Reporting newly discovered
issues, or referencing the existing bugs in the Bugzilla is very common amongst the Eclipse
forum discussions. The domain of dev.eclipse.org, which is currently not avail-
able, was also frequently referenced, especially for CVS repositories and news bulletins.
We also found that the link resources from outside the Eclipse organization are preferred
by forum users to refer to. The most communal external links posted in the threads are
from xtext.itemis.com, i.e. the originator of the Xtext framework, www.w3 .org,
i.e. the world wide web standard organization, github.com, i.e. distributed version-
control platform, and twitter. com, i.e. online news and social network. In addition, the
Eclipse Git repositories website (git.eclipse.org) remains hot in the forum threads
to complement the top 10 referenced domains.

Summary: Specific projects of Eclipse Platfrom and BIRT, and the forums
for Newcomers are most active categories. We found that referencing to other
resources, like bug reports, documentation, etc., is common in forum discussions,
which indicates that forums are essential platform for linking various resources in
Eclipse ecosystem.

Membership-based content The results of our manual classification show that the Eclipse
forum is very much similar to other community-based question-and-answer sites, dominated
by the users that share problems through questions to get the answers from the community.
As shown in Table 10, discrepancy is the most common type of problems shared by the
forum members, especially from Junior Members. Review, conceptual, usage, and errors
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Fig.6 Four content types communicated in the forums

complete the top five types of content that dominate in the Eclipse forum shared by all forum
users, which accounts for more than 10% for each type. For the non-question-and-answer
threads, information and announcement are two types of content that were most frequently
shared between the forum members.

Our other findings on the content types that shared amongst the forum members at least
hint that the forum is not only utilized for asking solutions or responses from other users, but
also to announce some specific events or updates, distributing general information, offering
some job vacancies, or even just testing the forum as well.

Our findings also highlight that there are several distinguished types of content that
were communicated between the members based on their statuses. As illustrated in Fig. 6,
discrepancy is the most common type that was shared by Junior Members. However, the
number of this type reduces once the status of the user levels up into higher status. Con-
versely, the quantity of conceptual contents increases inline with the changes of the user
statuses, from the lowest level of membership (Juniors) to the highest one (Seniors). This
shows that the higher the membership status of a user, the higher the level of the prob-
lems discussed in the forums. Furthermore, Senior Members posted general information
and announcement more often than the other types of users. The information shared in
the forums is commonly general events, such as a seminar, presentation or competition
to motivate users’ participation. While the announcement describes specific events related
to products, for example, file release, future updates, etc. This result at least hints that
most of the Senior Members are core members of a software development company who
act as sources of information and convey the information to inspire and motivate other
people (Yunwen and Kishida 2003).

For the statistical evaluation, we find that there is an association between the com-
municated content and the members of different status. Our null hypothesis on “the
communicated content and the members of different statuses are independent.” is rejected
(i.e., p-value is < 0.001).
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Summary: We found that sentiment among developers are inconsistent while
knowledge sharing. Interaction among developers shows that positive procedural
initial posts overall have more chances to receive positive first responses.

4.3 RQj3:What are the Differences Perceived in the Sentiment of Interaction Based
on Membership Status?

Polarity detection Table 11 shows the polarity results of main posts and first responses
among developers. We found that Juniors and Members post more positive messages than
Seniors. On the other hand, compared with the other types of developers, neutral and neg-
ative messages were mostly posted by Senior developers. We also observed that overall
positive posts received more positive replies.

Social interaction Figure 7 shows the nature of first responses in the interaction among
different type of developers. From Fig. 7a and b, we observed that social interaction by
Juniors and Members are overall positive. We found that Juniors and Members posted the
initial posts in a more positive procedural way. For this positive procedural interaction,
Juniors receive more positive procedural and neutral responses while Members receive both
positive proactive and no answer as responses.

In contrast with the other types of developers, Fig. 7c shows that Seniors post positive
procedural, neutral and negative procedural initial posts. Complement to RQ», the neutral
posts mostly include an announcement related to a release of a new product, and general
information such as advertisement, seminar, etc. In addition, Seniors’ main posts did not
receive responses in a large number of threads. This hints that Seniors seem to post more
complex questions than Juniors and Members that may be difficult to answer. If we com-
bine all types of developers together as illustrated in Fig. 7d, we observed that the social

Table 11 Polarity of communication among developers

Users’ Main post First response (%) Sum (%)
Type Positive Neutral Negative No response
Juniors Positive 243 17.5 5.7 13.8 61.4
Neutral 2.1 3.1 0.8 44 104
Negative 6.0 8.4 7.3 6.5 28.2
Sum 324 29.0 13.8 24.8 100.0
Members Positive 36.6 4.7 3.9 16.6 61.8
Neutral 2.6 0.5 0.5 53 8.9
Negative 18.4 2.1 2.1 6.6 29.2
Sum 57.6 7.4 6.6 28.4 100.0
Seniors Positive 14.8 6.3 3.7 19.8 44.6
Neutral 5.0 4.2 2.4 13.2 24.8
Negative 10.8 4.5 4.5 10.8 30.6
Sum 30.6 15.0 10.6 43.8 100.0
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Fig. 7 Nature of first responses in the interaction between forum members. The color scale represents the
frequency of the first responses in percentage based on total number of analyzed samples. The darker the
area in the heatmap, the more frequent the first responses in the threads

interaction among developers are generally similar to the polarity. The result shows that,
positive procedural posts received more positive proactive responses. Furthermore, posting
a message in a positive procedural way has higher chances of getting positive replies.

For the statistical evaluation, we find that there is an association between the sentiment
of interactions and the members of different status. Our null hypothesis on “the sentiment of
interactions and the members of different statuses are independent.” is rejected (i.e., p-value
is < 0.001).
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Summary: The Eclipse forums are dominated by question-and-answer threads,
especially discrepancies, most of which were posted by Junior Members. Further-
more, the status of users relates to the topics discussed in the forums. The higher the
status of users, the more conceptual the content type they communicate in forums.

5 Recommendations

Based on our study results, we provide three sets of recommendation for forum users, soft-
ware development projects, and researchers.

For forum users, the recommendation regarding the threads and referencing links are as
follows:

— Join forum discussions, as forums play a role as the center of knowledge sharing
platform. The users will not only receive knowledge from community, but also from
external sources.

—  Identify appropriate forum topic. As shown in Table 10, although the percentage of mis-
use contents is not high, some amount of users posted their messages in the incorrect
discussion groups. Sharing problems in a compatible topic category would maximize
the probability to get responses and solutions. Otherwise, the questions might be
marked out of scope.

—  Share knowledge in positive manner. As shown in the results, users seem to respond
positively to a positive and procedural message. Since the clarity of knowledge shared
in the forums might increase the chances to get responses, describing the problems in a
procedural way is essential.

One recommendation to software development projects is as follows:

—  Consider preparing project-specific forums. As observed in the study, Eclipse forums
is not only limited to question-and-answer based content, but also enable developers to
provide Eclipse community-related information or announcement. Since the informa-
tion or announcement that specifically relates to the software projects is important to
share amongst the community, providing a project-specific forum is necessary. It has
been reported that one of the keys to making OSS projects sustainable is to reduce the
contribution cost by preparing the development environment (Hata et al. 2015). GitHub
Discussions, a new feature of GitHub for asking questions or discussing topics out-
side of specific Issues or Pull Requests,'® could be an option for projects hosted on
GitHub (Hata et al. 2021).

For researchers, we can consider future works with the following possible challenges:

—  Further studies of activities in multiple software development systems. Our results show
that forums are being actively used by contributors that are also active in the other
systems. This is indeed evidence that supports the claim that forums do work as a cen-
ter of knowledge-sharing. Possible future directions could include tracking the actual

18https://docs.github.com/en/discussions
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threads to understand whether the discussions in forums cross-over into the review and
bugs systems, and to what effect.

—  Causal inference on promoting career. From Eclipse historical data of social roles,
we can also collect contributor metrics of a leader. Combined with the metrics of a
committer, we can address the impact of the forum on social leadership, that is, the
causal effect of forum participation on being promoted from committers to leaders.

6 Threats to Validity

Several threats to the construct validity emerge in our study. To connect the dataset between
five different sources, we used uids, email addresses and names. Although the inspection
was conducted manually, it is possible that our approach might lead to ambiguity. To miti-
gate this threat, we cross-reference between those five different systems to ensure that the
authors are indeed not multiple aliases. Related to the memberships classification, it is pos-
sible to have inaccuracy of threshold definition to identify the member statuses. Although
the thresholds are not formally informed by the organization, we specified the thresholds
based on the maximum number of posts found in our dataset for each member status. Since
the number of user misidentifications is small, we consider to use our defined thresholds in
our study. It is also possible that there are identical users that have different identity num-
ber and different status in the forums. We also found in several threads, a message posted
by a user had been duplicated with a different message identity number. Since we distin-
guished the users and the messages by their identity number, in our analyses, we recorded
them differently even though they are same. In relation with forums linkage, we found
that not all links in the threads can be extracted since they are written in plain text by
users. However, the number of these issues were small. Thus, we consider that the impact
of the missing links is not significant. The other threats to the construct validity is related
to our manual labeling in RQ> and RQs. The label might be affected by annotator mis-
understand or mislabeling. Despite annotators resolving disagreements through discussion,
the labels might still be incorrect. In addition, there are many potential factors need to be
taken into account. To mitigate this threat, we limit the scope of our study into conversa-
tional contents of the discussions themselves, to gain the insights of how project-specific
forums are utilized.

Threats to the external validity appear in our data preparation. Even though we investi-
gated a large scale of discussion forums in Eclipse, the findings could not be generalized to
other organizations.

We diminish the threats to reliability by preparing the online appendix of our collected
threads, links, contributors, and the results of our manual annotation for RQ, and RQj3 (see
Section 2.3).

7 Related Work

Forum discussion has been a popular research topic in the software engineering community
in recent years. In this section, we introduce the key research related to our study.
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7.1 Stack Overflow

There are a number of studies on a web-based question-and-answer communication channel,
Stack Overflow (SO). The collaboration between users in different community forums
(Zagalsky et al. 2018) and the knowledge sources contained in the discussion forums (Ye
et al. 2017) have shaped the characteristics of knowledge sharing in the community.

Zagalsky et al. (2018) reported that SO with R-tag has become one of the two questions
and answers communication channels that have a relationship with the users’ discussions
in R software development community forum. The collaboration between members and the
independent individuals work have shaped the knowledge characteristics of the community.
Ye et al. (2017) analyzed the reason behind the inclusion of web links in SO forum. It has been
reported that the forum users share the URLs in SO for various purposes. Referencing sources
to provide the solutions is the most prevalent purposes for the users who posted the web links.

In our study, we analyzed the entire discussion for each topic (not per message) in the
Eclipse forums. Thus, we modified the label proposed by Zagalsky et al. (2018) to code the
types of a thread (see Section 3.2). Compared to the work by Ye et al. (2017), we found that
enclosing link sources to report bug-related problems or find a software defect is common
in the forums.

Other works have studied the factors that affect the movement of users to SO and the
most common topics discussed.

Squire (2015) showed that the quality measurements, participation of users, and the
effectiveness of responding time in the SO forum have been the main factors that induced
the developers’ movement from self-supported forums and mailing lists. Zou et al. (2017)
describes the insights of developers’ requirements through SO. The authors found that the
usability and reliability are the most common topics discussed in the SO forum and also the
most unresolved problems faced by the users.

To complement with the previous work by Squire (2015), our study emphasizes that the
users in Eclipse forums also actively participate and contribute over different systems in
the Eclipse ecosystem. Expanding the work by Zou et al. (2017), we found that the most
common topics discussed in Eclipse forums are Eclipse platforms and BIRT.

Several studies investigated on how to submit a successful question and increase the
chance of receiving a successful answer in SO.

Calefato et al. (2018) proposed guidelines for users on how to increase the chances of
receiving a successful answer to their questions on Stack Overflow. They found that the
factors of potential-to-success questions are conciseness, completeness, and the exactness
of the characters usage. In terms of affect, a neutral emotional style may impact successful
questions. In line with that, Wang et al. (2018) investigated the factors related to the time to
get an accepted answer in four Stack Exchange websites. After controlling for other factors,
the accepted answers had been affected strongly by the dimension of the answerers. The
more frequent a user is in answering the questions, the faster to receive an accepted answer.

In comparison with the work by Calefato et al. (2018) and Wang et al. (2018), our study
shows that it is important to ask a procedural question in a positive manner, since it might
increase the chances of receiving responses.

7.2 Twitter and News Aggregators
Communication between programmers are not limited to only mailing lists and question-

and-answer channels, but also frequently occur on social media (i.e. Twitter) and news
aggregators.
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The information hidden in the tweets posted by Twitter users have been attractive for
researchers to explore in a number of studies.

Mezouar et al. (2018) investigated the tweets posted by users to relate to the bug reports
after removing the noisy tweets. Guzman et al. (2016) analyzed the characteristics of the
usage of Twitter, information in the messages, and classified automatically the potential
messages about software applications.

In our study, the findings support prior works by Mezouar et al. (2018) and Guzman
et al. (2016). We show that bug report are the most dominant link target types referenced
in the forums, while Eclipse Projects has become the most popular forums in the Eclipse
community. In addition, Eclipse forum is not only used for asking solutions, but also for
sharing information or announcement.

7.3 Contributors

Software development could not be separated from users’ participation in a forum. Their
contributions are not always related to writing code. A number of studies on the contributors
in communication channels, has shown that experienced contributors and newcomers play
an important role in developing software.

Senior contributors Recent studies show that every individual has an opportunity to
become a valuable contributor. Zhou and Mockus (2012) built a model to analyze the users’
chances of becoming a senior contributor depend on her competence, passion, and first-time
contribution opportunity. Zhou and Mockus (2015) found that the participation of new mem-
bers in the issue tracking system environment might impact their status of becoming a long
term contributor. Expanding the findings from the two prior works, we found that becoming
a senior contributor depends on the frequency of posts (i.e., Q&A, general information, or
announcement) in the Eclipse forums.

Junior contributors Despite most of the valuable information for improvement to software
quality comes from the experienced members in a software project (Li et al. 2015), software
developers should not underestimate the newcomers’ contributions in a discussion forum.

Steinmacher et al. (2015) identified that the lack of social interaction with the com-
munity, having unanswered questions or receiving delayed answers, and their technical
experience backgrounds are some difficulties that new members faced when they make
contributions to an open source software project. Middleton et al. (2018) also studied the
contribution characteristics of new members in OSS projects. The authors identified that the
participation forms of the new members, such as pull request and how they comment in the
discussion influence the decision to join OSS teams. Our study extends the previous works
that posting a message in positive manner might increase the chances of getting positive
responses. Thus, it will have an impact on increasing social interaction.

8 Conclusion

To understand the impact of Eclipse community forums related to the linkage of the ecosys-
tem and the social leadership, we conducted (i) a statistical study of 832,058 threads to
analyze the characteristics of threads, contributions of Eclipse users, and users’ classifica-
tion; and also (ii) a large-scale study on the membership-based participation, content, and a
sentiment investigation on the social interaction.

@ Springer



132 Page280f33 Empir Software Eng (2021) 26:132

Our empirical study has shown that forums are an essential platform for linking various
resources in Eclipse ecosystem and a source of expert knowledge for other development
systems. The results also reveal that forum members actively participate in posting and
responding to threads without limitation of membership. The forums are dominated by
question and answer threads, with the status of users affecting the contents. Sentiment of
interaction among developers are inconsistent. This work shows Eclipse forum is just one
example of the utilization of project-specific forums. We recommend the users join forums
as they are the center of knowledge sharing. For developers, preparing project-specific
forums is important to share community-related information or announcement. Our results
also hint at researchers that there are many open issues for future work: understanding and
supporting forum discussions, further studies of activities in multiple software development
systems, and causal inference for assessment, to name a few.
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