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1 |  INTRODUCTION

A company's innovation directly affects its survival [1,2]. In 
recent years, with the development of information and com-
munication technology, open collaboration via the Internet 
has been used as a strategic approach for innovation [3]. In 
open collaboration, developers work together for a specific 
purpose through the Internet, utilizing external resources to 
create innovative products [3].

Because open collaborations via the Internet have a high 
probability of failure [4,5], their method of operation should 
be discussed often [6‒8]. Open-source software development 
(OSSD) is an example of open collaboration. In this paper, 
we investigate the factors affecting the performance of open 
collaborations with an emphasis on OSSD projects. With de-
velopments in OSSD platform environments, developers are 
easily able to create the software involved in the collabora-
tion. The number of projects whose data is stored in Github  

(https ://github.com) or SourceForge (https ://sourc eforge.net) 
has increased rapidly, because many people can open projects 
in the platform. However, OSS projects depend on the partici-
pation of autonomous developers, and approximately 74.2% of 
open projects have only two developers [4]. The results of our 
study provide a governance strategy for OSSD organizations to 
allocate external and internal developers in running projects.

The number of developers participating in a project di-
rectly affects the success of the project [9]. It is commonly 
assumed that successful OSSD projects are those involving 
more, rather than fewer, developers. Since open collaboration 
projects possess an open mechanism for adopting external re-
sources and knowledge, in our study we wished to thoroughly 
investigate the role of external developers in the success of 
the project. Organizational learning theory was adopted as a 
theoretical lens through which to interpret the effects of ex-
ternal and internal developers on OSSD project performance, 
the latter of which was measured by the number of commits.
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Organizational learning theory focuses on the activities 
of knowledge creation companies that use both internal and 
external resources to identify the factors influencing the com-
panies’ innovations [10]. March [11] suggested that knowl-
edge creation activities can be divided into two categories: 
exploration (exploring external resources) and exploitation 
(refining the internal resources of the firm). To discuss the 
issue of OSSD project openness, we divide developers into 
two categories: those who explore and those who exploit. Our 
work is based on that of March [11].

An OSSD project is based on the collaboration of a num-
ber of independent developers whose innovations are based 
on the exploration of external resources. We refer to the de-
velopers’ knowledge creation as exploration.

With the evolution of OSSD platforms, multiple devel-
opers can organize a team (“organization” in GitHub) and 
collaborate with other organization members to develop soft-
ware [6]. Because organization members’ innovation is based 
on existing internal resources, their use of these resources is 
referred to as exploitation.

Focusing on the roles of exploration and exploitation in 
OSSD projects, we present two research questions: What are 
the impacts of exploration and exploitation on the results of an 
OSSD project? How does the phase of the OSSD impact the ef-
fect of exploration on a project's results? To answer these ques-
tions, we defined exploration (exploitation) to be the percentage 
of external (internal) developers participating in an OSSD project 
from among all the developers participating in the project.

For data analysis, we developed a web crawler using the 
Python programming language and collected data from a typ-
ical OSSD platform, namely, GitHub. GitHub provides proj-
ect pages called repositories for hosting source code, commit 
records, issue boards, and other project information [12]. We 
gathered data from 17 691 repositories that are managed by 
organizations (rather than individuals) and conducted a hier-
archical regression analysis to test our hypotheses.

The remainder of this paper is organized as follows. In the 
second section, previous theoretical studies, including OSSD 
governance and resource allocation, are reviewed. In Section 
3, a research model and relevant hypotheses to verify the 
model are presented. Section 4 describes the data obtained 
from GitHub for analysis. Section 5 presents the analytical re-
sults. Finally, Section 6 presents the conclusions of this study, 
as well as the research limitations.

2 |  LITERATURE REVIEW

2.1 | Open-source software development 
projects

Open-source software (OSS), which is the product of open 
collaboration, is defined as “software that allows for the 

modification of source code, is freely distributed, is techno-
logically neutral, and grants free subsidiary licensing rights” 
[13]. Since the 1990s, OSSD projects have been conducted 
by developers for various purposes in Internet communi-
ties. To provide a convenient environment for OSS develop-
ers, OSS-focused web services have emerged, for example, 
Google Code, SourceForge, and GitHub. GitHub, which has 
provided services since 2008, supports the work of around 
28 million developers and has 85 million repositories as of 
September 17, 2018.

To support developers who often collaborate with each 
other, GitHub provides a feature called an “organization” 
[14]. An organization can create and manage multiple proj-
ects established by organization members. Figure 1 shows 
Google's GitHub organization page.

GitHub enables members who often collaborate to share 
their results with other members of the organization and the 
characteristics and development cultures of the organization 
members. The organization members also collaborate with 
external developers who are not a part of the organization. By 
providing opportunities for external developers to participate 
in the project, collaboration allows the internal developers to 
adopt external knowledge. Thus, one of the roles of exter-
nal developers is to provide ideas from outside the project to 
help the project succeed. The internal members focus both 
on creating new code individually and on managing the code 
submitted by the external developers.

2.2 | Organizational learning theory

Organizational learning is defined as “the experiential pro-
duction and reproduction of organizational rules, lead-
ing to behavioral stability or behavioral changes” [15,16]. 
Typically, learning activities are divided into two categories: 
exploration activities and exploitation activities [17‒23]. 
According to March [11], exploitation is considered to be a 
refinement and extension of a firm's existing internal knowl-
edge. Exploitation involves creating output in the technologi-
cal domain in which the companies apply patents [24].

On the other hand, exploration focuses on investigating 
external resources for knowledge creation. Such explora-
tion-oriented activities assist a firm in developing new ideas 
and acquiring the capabilities necessary for survival and 
long-term success. However, the results are uncertain and 
often slow to manifest.

As March [11] did not provide explicit definitions for ex-
ploration and exploitation, researchers have interpreted these 
concepts in various ways. Some researchers regard explora-
tion and exploitation as innovation processes, for example, 
organizational learning activities, behaviors, investments, or 
strategies [10,22,25‒29]. To other researchers, these concepts 
represent the outcome of the innovation process [17,21,26].
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In open collaboration, the project's outcome is affected 
by the composition of the organization. Therefore, we stud-
ied the factors that contribute to an OSSD project's outcome 
using the concepts of exploration and exploitation. Hence, 
it was necessary to develop a method for measuring explo-
ration and exploitation. Perretti and Negro [30] considered 
exploitation to be coordination with prior collaborators and 
exploration to be coordination with new developers. They as-
serted that the role of newcomers is to search for and provide 
new ideas. In this vein, newcomers can expand the firm's 
intellectual boundaries and enable access to new external 
resources [31].

March [11] proposed that existing members have already 
contributed their ideas to the organization. In contrast, new-
comers might not know as much about the organization as the 
existing members, but they are able to contribute new intel-
lectual resources.

Although previous studies have also considered organiza-
tional learning theory to be a theoretical lens through which 
to view OSSD projects [32], they consider OSS to be the re-
sult of a collective endeavor and OSSD to be an exploration 

activity. Rullani and Frederiksen [33] also adopted organi-
zational learning theory to interpret exploitation as the con-
tribution of code to existing projects and exploration as the 
creation of new projects using completely new code and 
knowledge. Therefore, we focused on the roles of existing 
developers and newcomers in OSSD projects in our own 
research.

3 |  HYPOTHESES

In OSSD projects, external developers can provide new ideas 
and expert knowledge that enhance the project performance 
and solve problems encountered by the developers. When soft-
ware is developed, the developers address certain issues, such 
as bugs and functional disabilities, that require professional 
knowledge. Ordinarily, the project cannot proceed to the next 
step if the organization members do not have the skill to solve 
the problems [34]. Thus, if the internal members lack the 
knowledge to move forward or if the contribution of new ideas 
from external developers is absent, the OSSD project may fail.

F I G U R E  1  Example of a GitHub organization ("Google" organization)
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From the perspective of organizational learning theory, 
internal and external developers can positively impact the 
performance of the OSSD project. Research in the field of 
organizational learning theory emphasizes that exploration 
can provide many opportunities to produce innovative results 
that cannot be obtained using existing knowledge [11]. At 
the same time, although exploitation can result in a lack of 
creativity and new knowledge, it can also efficiently extend 
the existing capabilities of the company [35]. In this regard, 
both exploration and exploitation activities can enhance the 
OSSD project performance. Here, we present the following 
hypotheses:

Hypothesis 1-1 Exploration has a positive impact on the 
project performance.

Hypothesis 1-2 Exploitation has a positive impact on the 
project performance.

According to organizational learning theory, because ex-
ploration activities alone cannot ensure a successful outcome, 
the firm must also invest in exploitation. However, investing 
too much in one activity may result in a decrease in the firm's 
performance [36]. In previous research, the importance of 
using a combined approach, that is., the use of both explo-
ration and exploitation, to reduce the uncertainty involved in 
relying on exploration for new ideas has been emphasized. 
This process is called ambidextrous learning [37].

Although it is difficult to find an optimal balance between 
exploration and exploitation [38], exploitation activities 
can reduce the uncertainty resulting from the exploration. 
However, most OSSD research focuses primarily upon the 
participation of new members and considers the success of 
OSSD projects to be dependent upon the participation of 
external developers [9]. In the same vein, few studies inves-
tigate the importance of internal developers. Moreover, re-
search investigating the optimal ratio of external developers 
to the total number of developers or governance strategies to 
maximize their performance is lacking.

To validate the role of existing developers (eg, organiza-
tion members), we studied how exploitation moderates the 
relationship between exploration and organizational perfor-
mance. When developers begin to work together on certain 
OSSD, they often specify the purpose and expected functions 
of the software. Since the internal developers understand the 
sophisticated functions and final goals of the software, they 
can lead the collaboration in the right direction. Moreover, 
their expertise can facilitate working together to maintain and 
direct the OSSD. Therefore, the knowledge from internal de-
velopers who engage in exploitation will be helpful in mod-
erating the influence of exploration.

Hypothesis 2 Exploration has a stronger effect on the per-
formance of projects whose focus is exploitation than it 

does on the performance of projects that depend heav-
ily on the work of outside developers.

According to organizational learning theory, the technol-
ogy developed through exploration activities is maintained 
by developers internal to the organization if the technology 
is commercialized or needs continuous development [39]. In 
OSSD, the software developed through exploration and ex-
ploitation is often undergoing maintenance, and new versions 
of the software are being released. The developers’ activities 
and roles change during the OSSD development process. For 
example, when the software has the desired functionality, fix-
ing bugs becomes important.

Cooperation is easy for developers who fully understand 
that innovation involves the update and release of soft-
ware with new features that are built upon basic functions. 
Before the OSS is released, the software may be dramatically 
changed by the developers, and/or new code may be adopted 
that changes the existing features [40]. However, after re-
leasing the OSS, the primary goal is its maintenance [41]. 
Therefore, the number of dramatic changes in the software 
sharply decreases as the number of releases increases. The 
focus shifts to maintaining the software, which is done by in-
ternal developers who understand the software development 
process and the need for stability [41].

Thus, as the software development progresses, the impact 
of exploration on the organizational performance decreases. 
Mockus and others [42] stated that it is important to fix crit-
ical bugs so that the core project developers can manage the 
release of the software to prevent unexpected changes when 
it is released. We therefore hypothesize that the role of explo-
ration decreases after releasing the software.

Hypothesis 3 As the number of releases increases, the effect 
of exploration on the project performance decreases.

4 |  ANALYSIS

4.1 | Data

As a part of our research, we collected data from GitHub, a rep-
resentative OSSD platform, using a web crawler that was devel-
oped using the Python programming language. We targeted the 
repositories (projects) owned by organizations in GitHub that 
have received more than five stars per week since the creation of 
the repository (the number of stars corresponds to the number of 
users who are interested in the repository). We selected reposi-
tories created between January and July of 2014 that have been 
operating for more than 300 days, which was long enough for 
an accurate assessment of the project results. To reinforce the 
meaning of cooperation, we selected projects with two or more 
developers [6]. In the end, we analyzed 17 691 repositories.
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To study the repositories’ performances, we considered 
the number of commits contributed to the project for each 
repository (Commit) to be a dependent variable. We assumed 
that commits were associated with the phases of the project 
during which developers were processing and enhancing the 
software. Therefore, we assumed that the number of com-
mits represented the performance of the developers. Previous 
studies have used the number of commits contributed to the 
project or contributed by each developer to reflect the out-
come of the project or individual, respectively [43‒45].

The independent variables are Exploitation and 
Exploration, which represent the activities of organizational 
learning. Exploitation represents the percentage of members 
who participated in the specific project from among the total 
number of organization members, and Exploration represents 
the percentage of external developers from among the partic-
ipating developers.

We used Exploitation and the number of software releases 
corresponding to a particular repository (Release) as moder-
ating variables. The control variables are the total number 
of developers of the software associated with a repository 
(Contributor), the total number of members in an organiza-
tion (Member), and the number of days the repository had 
been running (RepoPeriod). The variable definitions in this 
research model are summarized in Table 1 below.

4.2 | Analysis

The results of the descriptive statistics are shown in Table 2. 
The average commit number for the 17 691 repositories is 
391 and the standard deviation is 2365.381. The histogram 
distribution confirms that the commit distribution does not 
follow a normal distribution. Following the estimation ap-
proach of linear regression analyses that has been used pre-
viously, we used a natural log transformation of Commit to 
obtain its skewness value [46,47].

The average number of developers working on a project 
from each repository is 7.3, and the average number of mem-
bers in each organization is 85.5. The average percentage of 

the number of organization members who participated in a 
project (Exploitation) is 17.6%. The average percentage of 
external developers (Exploration) is 61.1%. This suggests 
that repositories owned by organizations have more external 
developers than they have internal developers. The average 
release count is 8.43.

Table 3 shows the correlation between the variables. The 
performance of a repository is positively correlated with 
the exploration (correlation = 0.2478; p-value < 0.01) and 
the exploitation (correlation  =  0.2394; p-value  <  0.01). 
Additionally, the exploration (correlation  =  0.3278; p-
value < 0.01) and the exploitation (correlation = 0.0693; p-
value < 0.01) are positively correlated with the number of 
contributors in a repository, whereas the exploration (correla-
tion = −0.0247; p-value < 0.01) and the exploitation (cor-
relation = −0.3357; p-value < 0.01) are negatively correlated 
with the number of members in an organization.

We divided the repositories into two groups depending 
on whether the repository had released software or not. We 
then conducted a t test to compare their Exploitation and 
Exploration in Table 4. It appears that Exploitation does 
not vary significantly. However, Exploration is higher in 
the repositories with releases than it is in the repositories 
without releases. We see that additional input from the 
organization members does not increase after the release, 
whereas the voluntary participation of external developers 
does.

We performed a hierarchical regression using Stata 14 
to test the hypotheses. The verification method of Baron 
and Kenny [48] was used to analyze the moderating effect. 
Parameters used in the mean centering were independent 
variables and interaction terms in the multicollinearity 
problem.

In Model 1, we used the operation period of the repository, 
the number of contributors, and the number of organization 
members as control variables. The results show that the more 
contributors who participated in a repository, the better the 
performance of the repository, whereas more members in an 
organization resulted in low performance for the organization's 
repository. Recall that we targeted repositories corresponding 

T A B L E  1  Description of variables

Variable Definition

Dependent variable Commit Total number of commits in a repository

Independent and  
moderating variables

Exploration Ratio of external developers to total contributors in a repository

Exploitation Ratio of organization members who contribute to a repository to total members in an organization

Release Number of software releases in a repository

Control variables Contributor Total number of developers in a repository

Member Total number of members in an organization

RepoPeriod Number of days since the repository was created
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to projects with periods over 300 days; however, we found that 
this parameter does not affect the repository performance. The 
explanation power of Model 1 is 30.05%.

In Model 2, we added exploitation and exploration as inde-
pendent variables. The higher the exploitation and exploration 
percentages, the higher the repository's commit value (H1-1 
and H1-2 are supported). The explanation power of Model 2 is 
35.13%, showing an increase of 5.08% p over Model 1.

In Model 3, we added exploitation and exploration as in-
teraction terms to verify the moderating effect of exploitation. 
Exploration has a greater impact on the performance of proj-
ects with high exploitation values (H2 is supported). After 
analyzing the moderating effect of exploitation on the impact 
of exploration on a repository's performance, we found that 
the explanation power increases by 0.13% p.

In Model 4, we verified the moderating effect of the 
number of software releases by adding the release count 

and the interaction term of exploration and release count. 
We see that the release count moderates the impact of ex-
ploration on the number of a repository's commits. The 
exploration and release count interaction have a negative 
impact on the performance of a repository. This suggests 
that as the release count increases, the impact of explo-
ration on the repository's performance decreases (H3 is 
supported). It appears that the explanation power increases 
by 2.82% p. The outputs from these hierarchical regression 
models are shown in Table 5.

5 |  RESULTS AND DISCUSSION

We systemically examined the effects of openness in an OSSD 
project on the project's performance using organizational 
learning theory. In open collaboration, openness is known to 

Variable Min Max Mean Standard deviation

Commit 2 173 145 391.263 2365.385

ln (Commit) 0.693 12.062 4.516 1.519

Exploitation 0 1 0.176 0.244

Exploration 0 1 0.611 0.288

Release 0 3043 8.436 43.281

RepoPeriod 337 708 531.124 103.735

Contributor 2 94 7.315 9.038

Member 2 976 85.469 159.701

T A B L E  2  Descriptive Statistics of 
Variables (N = 17 691)

T A B L E  3  Correlation analysis

  1 2 3 4 5 6 7

1. Exploration 1.0000            

2. Exploitation –0.1504** 1.0000          

3. Release 0.0633** 0.0249** 1.0000        

4. ln(Commit) 0.2478** 0.2394** 0.2249** 1.0000      

5. Contributor 0.3278** 0.0693** 0.1457** 0.5438** 1.0000    

6. Member –0.0247** –0.3357** –0.0012 –0.0336** 0.0914** 1.0000  

7. RepoPeriod 0.0072 0.0017 0.0159* 0.0282** 0.0404** –0.0041 1.0000

Note: N = 17 691.
*p < 0.05;  
**p < 0.01. 

Variable
Released software 
(n = 9626) M (SD)

Not released software 
(n = 8065) M (SD) p-value

Exploitation 0.1733 (0.0027) 0.1789 (0.0025) 0.1295

Exploration 0.6247 (0.0028) 0.5952 (0.0033) 0.0000**

Note: Using the t test.
*p < 0.05;  
**p < 0.01. 

T A B L E  4  Descriptive statistics 
and comparison of subsample means for 
repositories that have released software 
versus those that have not released software
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be an important component of innovation because outside de-
velopers collaborate with developers inside the organization. 
It is meaningful to examine how collaboration and the stage of 
software development affect a project's performance.

By building on previous research, we found that the explo-
ration and exploitation ware both positively correlated with the 
performance of an open collaboration. Moreover, we deter-
mined that the impact of exploration increases with an increase 
in exploitation, that is, ambidextrous research has a positive im-
pact on the project performance of an open collaboration over 
the Internet. In Table 6, the results of the hypothesis testing are 
summarized. We see that in open collaboration, external mem-
bers of an organization can effectively collaborate with internal 
members. However, it is not desirable to emphasize openness 
simply to maximize the performance of an open collaboration. 
Governance, which emphasizes a balance between exploration 
and exploitation, is needed in open collaboration.

In addition, since the roles of the internal and external de-
velopers in OSSD projects dramatically changes depending 
on the number of releases, we investigated how the effect of 
exploration on project performance changes depending on 
the software-development stage. Results show that the impact 

of exploration on the project performance decreases after re-
leasing the OSS. Thus, we also assert that it is most effective 
to absorb external knowledge in the early stages of innovation 
rather than at a later stage.

6 |  CONCLUSION

We investigated the factors affecting the performance of 
open collaborations involving outside developers from the 
perspective of organizational learning theory. We conclude 
that participation from outside developers enhances project 
performance, which is measured by the number of commits, 
provided outside developers collaborate with the internal de-
velopers. Moreover, we clarified the roles of exploration and 
exploitation by considering the mutuality of software. This 
paper contributes to the field of knowledge creation by em-
pirically analyzing the effects of exploration on innovation.

We examined empirical data from many projects. In most 
previous research, one or two large exploratory projects were ex-
amined. In this study, we gathered data from the GitHub coding 
platform. Over 17 691 repositories were included in our data set.

T A B L E  5  Output of hierarchical regression model

Variable

Model 1 Model 2 Model 3 Model 4

Coefficient SE Coefficient SE Coefficient SE Coefficient SE

RepoPeriod 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000

Contributor 0.0930** 0.0011 0.0825** 0.0011 0.0813** 0.0011 0.0783** 0.0011

Member –0.0008** 0.0001 0.0000 0.0000 0.0000 0.0000 –0.0000 0.0000

Exploitation     0.6353** 0.0347 0.6582** 0.0349 0.5771** 0.0344

Exploration     1.3901** 0.0412 1.4342** 0.0418 1.4067** 0.0409

Exploitation × 
Exploration

        0.7840** 0.1298 0.7672** 0.1270

Release             0.0091** 0.0003

Release × Exploration             –0.0174** 0.0011

R2 0.3050 0.3513 0.3526 0.3809

Adjusted R2 0.3048 0.3511 0.3524 0.3806

∆F   631.559** 36.484** 404.237**

N 17 691 17 691 17 691 17 691

*p < 0.05;  
**p < 0.01 are the dependent variables for ln(Commit). 

T A B L E  6  Results of hypotheses test

No. Hypotheses Results

1-1 Exploration will have a positive impact on the project performance Supported

1-2 Exploitation will have a positive impact on the project performance Supported

2 Exploration has a stronger effect on the performance of projects with high exploitation than on projects with low exploitation Supported

3 As the number of releases increases, the effect of exploration on the project performance will decrease Supported



   | 203LEE Et aL.

This study has empirical applications. The results of this 
study contribute to the development of government policies 
regarding the most effective ratio of internal to external devel-
opers on a project. The results show that an organization can 
control the internal developer participation based on the extent 
to which the external developers participate. In addition, as 
the number of releases increases, our research suggests that as 
the project evolves, the ratio of internal to external developers 
increases.

This study has some limitations. First, by measuring the 
performance of a project based on its commits, we cannot 
consider the quality of the OSS. We can, however, quantify 
how much the OSS has changed through using the number 
of commits as an indicator of the amount of work that has 
been done on the software and the overall contributions from 
the developers. In the future, we wish to consider the qual-
ity of the software and the impacts of organizational learning 
activities on project performance as explanatory variables. 
Moreover, we wish to conduct an in-depth analysis of the 
communication patterns between the internal and external 
developers to determine their exploration and exploitation 
activities. Finally, we wish to refine our use of commits by 
considering their purposes and functions, that is, by identi-
fying commits that fix bugs, those that change features of the 
software, and so on.
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