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Identifying the Network Characteristics of Contributors That Affect Performance
in Open Collaboration : Focusing on the GitHub Open Source
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ABSTRACT

Information and communications technology facilitates collaboration among individuals
by functioning as an open platform for open collaboration projects. In this regard, this study
aims to understand the network characteristics of participants who contribute greatly to
open collaboration by investigating the mutual cooperation network in an open source project,
which represents a form of open collaboration based on social network theory. To achieve
this objective, this study analyzes the network centrality of developers with a high number
of commits, particularly 8101 developers in 782 repositories in GitHub, a representative
open source platform. This study also determines how the relationship between network
centrality and number of commits depends on the size of a repository network and the
presence of a hub. Consequently, the number of commits by developers with high degree,
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betweenness, and closeness centrality is increasing. Among which, betweenness centrality
has the highest explanatory power. Furthermore, when a hub is present and as network
size increases, the relationship between the betweenness centrality of a developer and
his/her number of commits continues to grow. This study is expected to provide suggestions
for the successful performance of open collaboration projects in the future.
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(Table 1) Data Collected from GitHub

Variable Definition
Dependent Variable Commitjj Number of developer i's commits in repository j
DegCentrality; Degree centrality of developer i in repository j

Independent Variable | BetCentralityy;

Betweenness centrality of developer i in repository j

CloCentralityj Closeness centrality of developer i in repository j
Period; Working period of developer i in GitHub (unit : day)
RepoNumber; Number of repositories where developer i is participating
Control Variable - — - -
TotalCommit; Total number of commits in repository j
Size Size of repository j (unit : kilobyte)
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(Table 2) Descriptive Statistics

N Minimum Maximum Mean Sgirriljt?i) i

Period; 8101 0 2,340 1,195.31 557.05
RepoNumber; 8101 0 839 41.22 62.92
TotalCommit; 8101 1 10,000 947.88 161801
Sizej 8101 51 1,518,764 36,670.29 124,194.1
DegCentralityy 8101 0 0.489 0.027 0.037
BetCentralitys; 8101 0 1 0.124 0.244
CloCentralityj 8101 0 1 0.555 0.202
Commit;; 8101 1 753 56.37 117.76




|z HEYA EATe

(Table 3) Results of Correlation Analysis

Al digk A7 31

1 2 3 4 5 6 7 8
1. Period; 1.000
2. RepoNumber; 0.390" | 1.000
3. TotalCommit; -0.181" | -0.136™ 1.000
4. Sizej -0.107" | -0.09%5™ | 0.359™ 1.000
5. DegCentrality; 0.070™ | 0.079™ | -0.142™ | -0.081 | 1.000
6. BetCentralityj 0.099™ | 0106™ | -0.132™ | -0.078™ | 0297 | 1.000
7. CloCentralitys; 01217 | 01317 | 0104 | -0.097™ | 0498™ | 0.732" | 1.000
8. Commit; 0.040 | 0.017 01117 | 0045™ | 0179™ | 05617 | 0505™ 1.000
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(Table 4) Relationship between Network Centrality and Developer's Commit
: First Order Equation versus Second Order Equation

Standardized Coefficient Adjusted R’
First Order DegCentrality; 017" 0.032
Equation BetCentrality; 056" 0.314
CloCentrality;; 050 0.24
1% order oM order Adjusted R’
Second Order | DegCentrality; 036" -0.22™ 0.048
Equation BetCentrality;; 1.04™ -051™ 0.334
CloCentrality;; -0.31™ 0.86™ 0.316
3% Dependent variable : Commit;j.
Tip <005 7 :ip <001, T p <0001
Meadol =& A= 2e Sast Z dAds)F= S/ (broker) 43S T
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(Table 5) Betweenness Centrality and Developers’ Average Number of Commits

o
S 4
®

B 200
;

mean_commit

100
|

2 4

.6
betweenness_group

o

. Mean of N

BetCentrality;; . (number of

Commit;;

developers)
0~0.1 1859 5,696
01~0.2 71.55 676
0.2~0.3 105.83 356
03~04 116.46 203
04~05 146.23 179
05~06 188.35 192
06~0.7 200.74 168
0.7~0.8 223.00 174
0.8~09 270.98 224
09~1.0 191.70 14
1.0 202.43 79
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el A ef ZjE2pA Bl 4=(Commity) ol WA= AgE WAL dsstal Qe guA B
ARFRA TNEAFE-E 717 Periody), 7H‘*Z}EZL Ma7h A5, 2aA Bl o] Afo]= B A
s Y 9AE g4 (RepoNumber), 34 Eg] A A7 BErE 2 NEAe] A Bl
(Table 6) Output of Hierarchical Regression Model
Model 1 Model 2 Model 3 Model 4
(Constant) 43213 32.178" 2.7% -0.930
Period; 0.009™ 0.012" 0.006™ 0.004
RepoNumber; 0.008 0.021 -0.056" -0.063"
Size; 0.000047" 0.000008 0.000025" 0.000025"
TotalCommit; 0.009" 0.013™ 0.013™
BetCentralityi];) 282,674 52701
BetCentrality;” -318.032
R 0.004 0.016 0.351 0.372
Adjusted R” 0.004 0.016 0.350 0.372
R’ change 0.004™ 0.012" 0.334™ 0.0217
N 8,101 8,101 8,101 8,101

3% Dependent variable : Commit;j.
Tip <005 7 ip <001 7T p < 0.001.
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(First Order Equation)

Network Size

Small-sized network

Large-sized network

Moderating
Coefficient (SE) Coefficient (SE) t-value e
N = 4630 N = 3471
BetCentrality;; 258.9 329.95 .
"~ Commit (5:85) 6.02) 832 Support
Adjusted R* 0.34 047

% Using the Chin’s t-test.

(Table 8) Analysis Results of Moderating Effects :

(Second Order Equation)

Network Size

Small-sized network | Large-sized network )
. - Moderating
Coefficient (SE) Coefficient (SE) t-value offect
N = 4,630 N = 3471
BetCentralityj 523.90 408.20
— Commit; (19.84) (23.66) 316 Support
BetCentrality; -335.97 -107.27 ~
— Commit; (24.08) (31.36) o8 Support
Adjusted R* 0.37 047

% Using the Chin’s t-test.
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(Table 9) Analysis Results of Moderating Effects :

BetCentralityij

(Figure 3) Moderating Effects of Hub

Hub (First Order Equation)

Repository Repository
without hub with hub Moderating
= = t-value
Coefficient (SE) Coefficient (SE) effect
N = 6904 N = 1,197
BetCentralityy; 268.46 439.84 B
> Commity (473) (9.48) 1425 Support
Adjusted R* 0.34 0.64
% Using the Chin's t-test.

(Table 10) Analysis Results of Moderating Effects :

Hub (Second Order Equation)

Repository without Repository
hub with hub Moderating
. - t-value
Coefficient (SE) Coefficient (SE) effect
N = 6904 N = 1,197
BetCentrality; 503.10 694.05 B
> Commit (16.41) (3817) 44 Support
BetCentrality; -304.03 -339.84 .
> Commit (2039) (49.49) 067 Non-Support
Adjusted R* 0.36 0.66

% Using the Chin’s

t-test.
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(Table 11) Comparison of Network Centrality of Subsamples : Owners
versus Non-owners

Non-owner Owner Total
Variable (n = 7572) (n = 529) (n = 8101) t-value p-value
Mean (SD) Mean (SD) Mean (SD)
. 0.0259 0.0435 0.0360
DegCentrality; (0.0360) (0.0412) (0.0367) 1075 0000
. 0.0839 0.7019 0.1243
BetCentralityi (0.1863) 0.2471) (0.2444) e 0000
. 0.5320 0.8900 0.5554
CloCentrality; (0.1849) (0.1364) (0.2025) 1 0.000
¥ Using the t-test.
Closengss 0.89
centrality 0.532
Betweenness 0.7019
centrality 0.0839
Degree 0.0435 Owner (n = 529)
centrality 0.0259 Non—owner (n=7,572)
T T T T 1
0 0.2 0.4 0.6 0.8 1

(Figure 4) Comparison of Network Centrality of Subsamples : Owners versus
Non-owners
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