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Abstract—While open source software (OSS) development
projects always seek contributions from newcomers to make the
projects sustainable, newcomers often face with a challenge of
onboarding. For developers with little experience, it is difficult
to decide which of the many OSS projects to contribute to and
which issues to tackle. To mitigate the barrier against onboarding,
some OSS projects start using a label so called good first issue
(GFI) which indicates the issue is easy to resolve and suitable for
newcomers to tackle. The final goal of this study is to construct
a model for recommending good first issues to help reduce
maintainers’ manual effort of selecting and labeling issues as
GFIs and at the same time to help find GFIs suitable for each
newcomer. Toward the final goal, we analyze GFIs in GitHub
to deeply understand the current state of the GFI mechanism
and its impact on new members’ onboarding. This paper reports
a result of our preliminary analysis of GFIs, based on 9,475
GFIs collected from 11 famous OSS projects in GitHub. We
find that (1) developers who have resolved GFIs have 92 fewer
median PR (pull request) posts than developers who have resolved
regular issues (i.e., developers tackling GFIs have less experience,
compared to other developers), (2) on average, GFIs are resolved
32.5% more than regular issues (i.e., GFIs are easier to resolve.
The dataset of GFIs might be able to be used as a training set
for recommending GFIs to developers with less experience), and
however (3) the percentage of developers who keep contributing
to the same project even after resolving GFIs varies greatly from
project to project (24.9% to 83.9%) (i.e, GFIs guide newcomers’
onboarding only in particular projects). Based on the analysis
result, we discuss the contents of GFIs which tend to keep
newcomers on OSS projects.

Index Terms—Good First Issues, Newcomers, Onboarding,
Open Source Software

I. INTRODUCTION

Common open source software (OSS) projects heavily rely
on contributions such as bug reports, bug fixes, and feature
enhancements from volunteer developers [1]. Since volunteer
developers are free to participate in the development and
also free to leave, OSS projects always seek newcomers
and their contributions to make the projects sustainable [2]
[3]. One of the motivations for newcomers to contribute to
OSS projects is to improve their careers and skills through
participating in the OSS development [4], but they often face
the difficulty in deciding which project to contribute [5].
A previous study [6] has proposed a model to recommend
OSS projects suitable for developers, based on the developers’
past development activities. However, even if newcomers find
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interesting projects, they need to take much time to learn how
to address unfamiliar, various tasks in the projects [7].

To mitigate the barrier against newcomers’ onboarding to
projects, some OSS projects start using a label so called ”good
first issue (GFI)!” to provide newcomers with an opportunity
to contribute to the projects. Although the GFI mechanism
seems to be effective in lowering the barrier for newcomers
to participate in OSS projects, it is pointed out that the effort
of manually selecting and labeling issues as GFIs will be a
burden on maintainers in the projects?.

The recent study [8] on GFIs in GitHub revealed that
the number of projects using the GFI mechanism have been
increasing in the last ten years. It also found that 40.9%
of GFIs have not been resolved by newcomers and the GFI
mechanism does not work well for attracting contributors for
a long term. While Tan et al. [8] analyzed 9,368 GFIs from
816 GitHub projects using GFIs to provide a whole picture
of the GFI mechanism in GitHub, in this paper we use 9,475
GFIs collected from 11 famous GitHub projects to intensively
analyze the current state of the GFI mechanism in the top
projects which actively utilize GFIs and to understand its
impact on newcomers’ onboarding.

The final goal of this study is to construct a model for
recommending good first issues to help reduce maintainers’
effort of selecting and labeling issues as GFIs and at the same
time to help find GFIs suitable for newcomers in the context
of supporting onboarding. Toward the final goal, in this paper
we address the following research questions.

RQ1: Are good first issues suitable for inexperienced devel-
opers? A good first issue should be labeled for newcomers.
Labeling issues are done by maintainers manually, but it is
not sure if good first issues are actually easy to be tackled
by newcomers. Tan et al. [8] defined a developer with less
than three commits to a particular project as a newcomer
and found that 59.1% of GFIs were resolved by newcomers.
By this definition of a newcomer, even if s/he had made
many contributions to other projects in the past (i.e., even
if s/he is an experienced developer), s/he may be included as
a newcomer. Instead of defining a newcomer by the number

Uhttps://docs.github.com/en/free-pro-team @latest/github/managing-your-
work-on-github/about-labels
Zhttps://github.blog/2020-01-22-how-we-built-good-first-issues/



of contributions (commits) to a particular project, we analyze
each developer’s contributions across GitHub. By comparing
the past contributions of developers who resolved GFIs and
developers who resolved regular issues, we confirm if GFIs
can be resolved by developers with less experience.

RQ2: Are good first issues easier to resolve than regular
issues? In [8], the qualitative analysis (N=164) revealed that
59.1% of GFIs were resolved by newcomers. However, it is
still unclear whether GFIs are easier to tackle than regular
issues, as [8] had not compared the resolution rate of GFIs
and regular issues. In addition, we assume that some projects
make good use of GFIs and some projects do not. It would be
worth of comparing those projects to obtain the best practices
for utilizing GFIs. In RQ2, we analyze the resolution rate of
GFIs and regular issues for each project.

RQ3: What is the percentage of developers who posted
a pull request after resolving a good first issue? The GFI
mechanism expects newcomers to contribute to projects for
a long time, by accustoming OSS development through the
process in resolving GFIs. Therefore, in order to evaluate the
usefulness of the GFI mechanism, it is important to know
whether or not newcomers can address regular issues after
resolving GFIs. Although Tan et al. [8] found that 58.4% of
newcomers who resolved a good first issue left the projects,
it did not analyze each project. For each project, we analyze
the percentage of developers who posted a pull request (PR)
to resolve a regular issue after resolving a good first issue.

The contributions of this paper are as follows.

« We confirmed GFIs are easier to be tackled by newcomers

with less development experience than regular issues
(RQ1 and RQ2). It indicates that GFIs could be used as
training data to build a model for recommending issues
suitable to newcomers.
We also confirmed that the GFI mechanism does not
always work to support newcomers’ onboarding in all
projects but newcomers’ onboarding is likely guided
depending on the contents of GFIs (RQ3). It suggests
that the training data should be carefully screened de-
pending on the contents of GFIs before building an issue
recommendation model.

The rest of the paper is organized as follows. Section II
introduces related work and positions our study. Section III
describes the dataset created for our analysis. Section IV
reports a result of our analysis and answers our research
questions. Section V discusses the analysis result in depth,
in particular for RQ3. Section VI remarks the conclusions and
our future work.

II. RELATED WORK

Previous studies [7] [9] [10] have shown that newcomers
face barriers to participate in OSS projects and that results
in leaving the projects. Supporting newcomers to overcome
the barriers are required for onboarding to OSS projects. In
order to support newcomers’ onboarding, several studies have
proposed the use of a mentoring system [11] [12], easy bug
resolution tasks [8] [13], and a portal site for newcomers.
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Although these approaches to support onboarding have certain
effect, many OSS projects still cannot leverage the approaches
due to the burden on maintainers (i.e., core members). We
believe that automating the GFI mechanism without manual
efforts of maintainers would be helpful for both newcomers
and OSS projects. Through addressing the research questions
(especially RQ3), in this paper we show GFIs work for
newcomers’ onboarding to GitHub projects.

As regards the issue recommendation approach, many stud-
ies [14] [15] have proposed algorithms to automate ‘“bug
triage” to help maintainers find appropriate developers for bug-
fixing tasks. The existing bug triaging algorithms recommend
bug-fixing tasks to the appropriate developers with the aim
of fixing bugs quickly and correctly, based on developers’
activities in the past. Newcomers often cannot judge which
bug fixing tasks are suitable for them. It would be useful
for newcomers’ onboarding if bug triaging approaches could
find tasks for newcomers. However, the existing approaches
cannot be applicable or are very limited to support newcomers,
because many of newcomers have less experience with OSS
development and hence less activities in the past. Therefore,
we need to construct a new algorithm to recommend issues
to newcomers with less experience instead of using the bug
triaging algorithms.

GitHub has started providing GitHub projects with the
feature® of recommending GFIs so that newcomers can work
on. The GFI recommendation feature is implemented using
machine learning algorithms such as CNNs (convolutional
neural networks) and RNNs (recurrent neural networks) and
the contents of issues which can be regarded as GFIs labeled
with beginner friendly, easy bug fix and so forth. The feature
helps maintainers reduce the manual effort of labeling issues
as GFIs because it is available for projects which do not have
issues with the GFI-related labels. However, previous studies
[8] [13] on GFIs concluded that the GFI mechanism was less
effective to motivate newcomers to be long-term contributors.
It might imply that GitHub’s model can recommend GFIs
suitable for newcomers but cannot help them keep contributing
for long time. Based on the result of RQ3, we will discuss the
contents of GFIs which will be helpful for onboarding.

III. DATASET

This section describes our dataset created to address the re-
search questions. We used GitHub API* for all data collection.
Firstly, we collected issues labeled as good first issue from the
beginning of the projects to June 16, 2020. Next, we counted
the number of GFIs for each repository and excluded reposi-
tories with less than 500 GFIs. This is because we can expect
that repositories with a large number of GFIs involve more
newcomers. As a result of the filtering, 11 GitHub projects
remained for the analysis. Next, we collected all the regular
issues except for GFIs from the targeted 11 repositories. As
with the collection of GFlIs, the regular issues were collected

3https://github.blog/2020-01-22-how-we-built-good-first-issues/
“https://developer.github.com/v4/



TABLE I
DATASET OVERVIEW

Renosit Age (vears) Num. of Num. of Num. of Num. of Num. of  Num. of devs
eposttory ge (years GFIs PRs resolved issues  resolved GFIs  devs who resolved GFIs
osmlab/name-suggestion-index 6 1,464 1,635 811 639 107 65
radareorg/radare2 7 1,169 9,252 827 158 210 85
zulip/zulip 4 1,030 10,046 495 109 120 51
mui-org/material-ui 5 982 10,080 3,279 912 935 542
pandas-dev/pandas 9 948 16,596 5,436 638 1,067 316
CleverRaven/Cataclysm-DDA 7 880 26,634 6,148 630 566 228
elastic/elasticsearch 10 623 34,063 6,363 344 366 136
rust-lang/rust-clippy 5 610 2,868 1,051 344 223 164
tgstation/tgstation 8 601 34,190 8,306 484 417 143
WordPress/gutenberg 3 587 11,505 3,165 362 292 154
elastic/kibana 7 581 43,969 7,492 350 292 102
total 9,475 200,838 43,373 4,970 4,595 1,986
until June 16, 2020. Next, we examined whether the issues 800
were resolved. We defined an issue satisfying the following I
conditions as a resolved issue. w 700
. . (%]
1) The issue is closed. $ 600
2) The issue is mentioned from a pull request (PR) which 2
includes mentions such as #1 and #3 in the body text. - o
3) The PR in 2) was merged. E 400
Finally, we counted the number of GFIs, regular issues, PRs, g -
and developers who resolved GFIs and/or regular issues. Table 5
I shows an overview of our dataset’. E 200 —
E
IV. RESULTS Z 100 PR A
This section describes our analysis on the GFI mechanism 0 == —

and its impact on newcomers’ onboarding to OSS projects.

A. Developers’ Experience with OSS Development

We first try to answer the following research questions.
RQ1: Are good first issues suitable for inexperienced devel-
opers?

Motivation: Tan er al. [8] defined a developer with less than
three commits to a particular project as a newcomer. By
this definition of a newcomer, even if s/he had made many
contributions to other projects in the past, s/he is regarded as
a newcomer. We analyze each developer’s contributions across
GitHub. Comparing the past contributions of developers who
resolved GFIs and developers who resolved regular issues,
we confirm if GFIs can be resolved by developers with less
experience.

Approach: We count the total number of pull requests (PRs)
posted by each developer before resolving a GFI or a regular
issue in one of the target repositories (projects). Note that
the total number of PRs means contributions to other external
repositories (i.e., other GitHub projects except for the target
projects) and that we excluded PRs to own repositories and/or
own organization’s repositories because those PRs are not
considered as contributions to external repositories. We then
divide into a group of developers who have resolved a GFI
and a group of developers who have resolved a regular issue,

5The dataset will be available from http:/floss-lab.org/?p=1812.
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good first issues regular issues

Fig. 1. The number of pull requests (PRs) posted by developers before
resolving a GFI (left) and a regular issue (right) in the target projects. The
number of PRs represents an approximation of developer’s experience before
contributing to the target projects.

and compare the distributions of PRs between the two groups
with a violin plot. We also examine a statistically significant
difference between the distributions with the Mann-Whitney
U test.

Result: Figure 1 shows a result of a comparison of the
distributions of PRs after eliminating outliers. We can see a
clear difference between the two distributions. The median
number of PRs posted by developers before resolving a GFI
was 26 while the median number of PRs posted by developers
before resolving a regular issue was 118. We also confirmed
a statistically significant difference (p < 0.010) and a large
effect size (Cliff’s d = 0.655 > 0.474). From the result, we
can answer RQ1 as follows.

Answer to RQ1:

Compared to developers who resolved regular issues,
developers who resolved GFIs have less experience with
PRs (i.e., OSS development). In other words, GFIs are
more suitable for newcomers to tackle with.




TABLE 11
THE RESOLUTION RATE OF REGULAR ISSUES AND GOOD FIRST ISSUES.

% of resolved % of resolved

fepository regular issues  GFIs

mui-org/material-ui 21.0 92.9
tgstation/tgstation 45.0 80.5
CleverRaven/Cataclysm-DDA 37.6 71.6
pandas-dev/pandas 26.3 67.3
‘WordPress/gutenberg 24.1 61.7
elastic/kibana 28.2 60.2
rust-lang/rust-clippy 24.8 56.4
elastic/elasticsearch 25.1 552
osmlab/name-suggestion-index 73 43.6
radareorg/radare2 9.0 13.5
zulip/zulip 7.2 10.6
average 232 55.8

B. Easiness of good first issues

Next, we aim to answer the following research question.
RQ2: Are good first issues easier to resolve than regular
issues?

Motivation: In [8], the qualitative analysis (N=164) revealed
that 59.1% of GFIs were resolved. However, it is still unclear
whether GFIs are easier to tackle than regular issues. In
addition, we assume that some projects make good use of GFIs
and some projects do not. It would be worth of comparing
those projects to obtain the best practices for utilizing the GFI
mechanism. We analyze the resolution rate of GFIs and regular
issues for each project.

Approach: We calculate the the resolution rate of GFIs and
regular issues for each project and compare them between the
target repositories.

Result: Table II shows a result of calculating the resolution
rate which are sorted in descending order of the resolution
rate for GFIs. For all the target projects, the resolution rate of
GFlIs is higher than that of regular issues. The resolution rate
of GFIs is 55.8% on average, which is almost consistent with
the analysis by Tan et al. [8]. On the other hand, the resolution
rate of regular issues is much lower (23.2% on average) than
that of GFIs. The result indicates GFIs are easier to tackle
than regular issues.

However, we can also see the large differences of the
resolution rate between the target projects. For instance, 92.9%
and 80.5% of GFIs in the projects of mui-org/material-ui
and tgstation/tgstation were resolved respectively while it is
only 13.5% and 10.6% in radareorg/radare2 and zulip/zulip
respectively. Furthermore, radareorg/radare2 and zulip/zulip
also showed the low resolution rate of regular issues (9.0% and
7.2% respectively). These projects might be vigilant against
accepting the contributions for resolving both GFIs and regular
issues. In summary, we answer RQ2 as follows.

Answer to RQ2:

Good first issues are easier to tackle than regular issues.
However, some projects may not actively accept contri-
butions for resolving GFIs.
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TABLE III
PERCENTAGE OF DEVELOPERS WHO POSTED A PULL REQUEST TO THE
SAME PROJECT AFTER RESOLVING A GOOD FIRST ISSUE

repository % of developers

tgstation/tgstation 83.9
elastic/kibana 80.4
zulip/zulip 80.4
CleverRaven/Cataclysm-DDA 70.6
radareorg/radare2 63.5
‘WordPress/gutenberg 62.3
elastic/elasticsearch 60.3
rust-lang/rust-clippy 40.9
pandas-dev/pandas 35.8
osmlab/name-suggestion-index 33.8
mui-org/material-ui 24.9

C. Newcomers’ Onboarding

Finally, we analyze the percentage of developers who posted
a PR to the same project after resolving a GFI.

RQ3: What is the percentage of developers who posted a pull
request after resolving a good first issue?

Motivation: The GFI mechanism expects newcomers to con-
tribute to projects for a long time. It is important to evaluate
whether or not newcomers can address regular issues after
resolving GFIs. Although Tan et al. [8] found that 58.4% of
newcomers who resolved a GFI left the projects, it did not
analyze each project. As with RQ2, we suspect that the rate
of leaving projects varies largely from project to project.
Approach: For each project, we analyze the percentage of
developers who posted PRs to resolve a regular issue after
resolving a GFL.

Result: Table III shows an analysis result. It is sorted in
descending order of the percentage of developers who posted
PRs after resolving a GFI. As we expected, whether developers
keep contributing to the same project is largely different
between the projects. Some projects successfully guide con-
tributions for GFIs to contributions for regular issues (i.e.,
newcomers’ onboarding) and some project does not.

In addition, we found that the percentage of developers
posting PRs after resolving a GFI is not necessarily high
even if GFIs are easy to resolve. For instance, although
tgstation/tgstation has both the high resolution rate of GFIs
(80.5% in Table II) and the high percentage of developers
keep contributing (83.9% in Table III), mui-org/material-ui has
the highest resolution rate of GFIs (92.9% in Table II) and
the lowest percentage of developers keep contributing (24.9%
in Table III). This result indicates that just preparing GFIs
does not mean that newcomers will continue to contribute
to the project. In order to further understand what kind of
GFIs motivates newcomers to keep contributions, we discuss
an additional analysis in section V.

Answer to RQ3:

The percentage of developers keep contributing to the
same project is largely different between the projects. Just
preparing GFIs cannot lead to newcomers’ onboarding.




TABLE IV
TOP FIVE LABELS CO-OCCURRING WITH “GOOD FIRST ISSUE”

mui-org/material-ui tgstation/tgstation
label % of GFIs  label % of GFIs
bug 409 Bug 70.7
docs 23.5  Mapping 16.8
enhancement 19.2  Grammar and Formatting 14.8
component: Autocomplete 8.6  Sprites 10.3
typescript 8.2 Not a bug 8.7

V. DISCUSSION

We discuss the reason why % of developers keeping con-
tributions was largely different between the projects in RQ3.

A. Successful or Unsuccessful Onboarding?

To find clues to reveal the reason for successful or un-
successful onboarding through resolving GFIs, we conducted
an additional analysis of tgstation/tgstation which showed the
highest percentage of developers keep contributing and mui-
org/material-ui which showed the lowest percentage. In the
additional analysis, we tried to understand the contents of GFIs
in the two projects. We collected all the labels which were
labeled together with the good first issue label and calculated
the percentage of each label.

Table IV shows the top five labels co-occurring with good
first issue in the two projects. For both of the projects, the
top one label co-occurring with good first issue was related to
bugs (bug in material-ui and Bug in tgstation). Especially in
tgstation, 70.7% of issues labeled as good first issue also had
the bug-related label. It may suggest that GFIs for resolving
bugs encourage newcomers to keep contributing to the project
after resolving GFls.

Furthermore, the second top label (23.5%) in material-ui
was related to documentations docs while only 0.5% (3 of
601 issues was labeled as good first issue ) in tgstation was
the document-related label. It indicates that document-related
GFIs might not work as a catalyst for motivating newcomers
(i.e., for onboarding). Tan et al. [8] also revealed that many
of resolved GFIs are involved with documentations. Although
documentation tasks are very important for both users and
developers to keep documents up to date, they are unlikely to
be useful for newcomers onboarding. These findings from the
additional analysis would be helpful to screen training data
when constructing a model for recommending issues which
have an effect on newcomers’ onboarding.

B. Threats to Validity

In this study, we analyzed the famous 11 GitHub projects
with the highest number of GFlIs, but there are other projects
using GFIs. The trend of the GFI mechanism in small projects
may not be captured by this study. However, we think that the
overall tendency of the GFI mechanism was grasped because
projects having a number of GFIs also have many developers
working on GFIs.
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VI. CONCLUSION AND FUTURE WORK

This paper reported a result of our preliminary analysis of
GFls, based on 9,475 GFIs collected from 11 famous OSS
projects in GitHub. From the analysis to address our research
questions, we gained the following insights:

« We confirmed GFIs are easier to be tackled by newcomers
with less development experience than regular issues
(RQ1 and RQ2). It indicates that GFIs could be used as
training data to build a model for recommending issues
suitable to newcomers.
We also confirmed that the GFI mechanism does not
always work to support newcomers’ onboarding in all
projects but it is likely guided depending on the contents
of GFIs (RQ3). It suggests that the training data should
be carefully screened depending on the contents of GFIs.
We will systematically analyze the contents of GFIs which
are effective to support onboarding and build an issue recom-
mendation model based on the analysis results.
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