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Computational Social Science

data-mining
‘social network analysis

Computer modeling & simalation  Social
Science Sciences

m data mining & simulation

m extract knowledge from (noisy)
data on social systems

m micro- and macro-level simulations

of social systems

= new ways to test hypotheses
drawn from sociological theory
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Computational Social Science

data mining
‘social network analysis

Computer modeling &ssimulation  Social
Science Sciences

social aspects.in
system design

m data mining & simulation m social aspects in system design
m extract knowledge from (noisy) m regain control of socially-embedded
data on social systems (cyber-physical) systems
® micro- and macro-level simulations m better understand & manage
of social systems development processes

= new ways to test hypotheses = improve modeling, design and
drawn from sociological theory control of technical systems
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technical aspects: programming social aspects: development
language, architecture, code process, team composition,
complexity, support tools. . . communication, coordination, . ..
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- Challenge: Understanding team productivity

. . -
m software economics: how productive |l
are software development teams?

“Adding manpower to a late
software project makes it later.”

Fred Brooks (1975)

Fred Brooks
image: CC-BY-SA SD&M
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Challenge: Understanding team productivity

m software economics: how productive
are software development teams?

“Adding manpower to a late
software project makes it later.” Maximilien Ringelmann

1861-1931
Fred Brooks (1975) (1861-1931)

m Ringelmann effect in social psychology:
larger teams are less productive

image: CC-by-SA Bart Derksen
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Challenge: Understanding team productivity

m software economics: how productive
are software development teams?

“Adding manpower to a late
software project makes it later.”

Fred Brooks (1975)

m Ringelmann effect in social psychology:

Maximilien Ringelmann
(1861-1931)

Ringelmann effect

(Maximilien Ringelmann, 1913)

larger teams are less productive g
. . “ . - £
motivational factors: “social loafing g os
overhead of coordination E o5
2 o4
8 o2
[
2 o
S 1 2 3 4 5 6 7 8
[T
Team size
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Challenge: Understanding team productivity

m software economics: how productive
are software development teams?

From Aristotle to Ringelmann: a large-scale analysis
of team productivity and coordination in Open Source

“Adding manpower to a late B
software project makes it later.”

Fred Brooks (1975)

m Ringelmann effect in social psychology:
larger teams are less productive
motivational factors: “social loafing”
overhead of coordination

m research questions:

does the Ringelmann effect apply to Open
Source communities?
can we detect the underlying mechanisms?

Empirical Software Engineering,
Vol. 21, No. 2, April 2016
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data:

: GHTorrent gitHub dump (~1.5 TB)

identified 58 most active OpenSource projects
580,000 commits
30,000 developers
> 10 years of commit history

e 06 6 06 06 6 6 o o O
AA Alh AIA AlA AA AIA AA AIA A T

commit 1 commit 2 commit 3 commit 4 commit 5 commit 6 commit 7 commit 8 commit 9 commit 10

range = [1:n] range = [1:n] onge STCTRTN v.tist - ) range = [1:200] v list = (] range = [1:288] 1 s - casce x = “DESC range = [1:200]
result = {} o ) =0 dat = [] dat = [] dat = [] result = { 0:0 )
for i in range: i " or i 4n range
n1 = str(s[e]) n1 = str(t[e]) n = str(t[a]) dat = getbata() n = str(t[e]) dat = getData() n = mt(t[e]) dat = getbata()  dat = getData() n1 = int(t[e])
n2 = str(t[1])  n2 = str(t[1])  n2 = str(t[1]) dat = sort(dat) 12 = Str(t(1]) dat - sort(dat) 12 = SIt(E(1]) dat = sort(dat,x) dat = sort(dat,)
1.append(n1) 1.append(n1) 1.append(n1)  dat = clean(dat) 1) © = clean(dat) 1.append(n1)
1.append(n2) 1.append(n2) 1.append(n2) l.ippenﬂ(nz) Lippenﬂ(nl) return clean(dat) —eppendtnzi—
key = (n1, n2)  key = (nl, n2)  key——iniyn2) return dat key = n1 return clean(dat)  key = n1 return s
result[key]=1 rewitikeylea | resIt{key]so result[key]=0 result[key]=0 result[keyl=1
1 1 1 1 1 1 1 1 1 1
T T T T T T T T T " T
time
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Data Science approach: commit log analysis

data: GHTorrent gitHub dump (~1.5 TB) Q1:What is the team?
>> active developers in
identified 58 most active OpenSource projects reasonable time window
580,000 commits
30,000 developers
> 10 years of commit history

AA T AA T AAa AA Al aA [ T
commit 1 commit 2 commit 3 commit 4 commit 5 commit 6 commit 7 commit 8 commit 9 commit 10
range = [1:n] range = [1:m] range = [1:100] v_list = [] range = [1:200] v_list = [] range = [1:200] X = ‘ASCC X = ‘DESC* range = [1:200]

3 t =[]

result = {. result = { 0:0 } result = { 0:0 } d result = { 0:0 } dat = [] result = { 0:0 } dat = [] dat = [] result = { 0:0 }
for i in range:  for i in range:  for i in range: for 1 in range: for 1 in range: for i in range:
nl = str(s[e]) n1 = str(t[e]) nl = str(t[@]) dat = getData() nl = str(t[@]) dat = getData() nl = int(t[@]) dat = getData() dat = getData() nl = int(t[e])
n2 = str(t[1])  n2 = str(t[1])  n2 = str(t[1]) dat = sort(dat) n2 = str(t[1]) dat = sort(dat) n2 = int(t[1]) dat = sort(dat,x) dat = sort(dat,x)
1 nd(nl) 1 nd(n1) 1 nd(n1) dat = clean(dat) 1.append(n1) dat——cleantdaty 1.append(n1) < = clean(dat) 1.append(n1)
1.append(n2) 1.append(n2) 1.append(n2) 1.append(n2) 1.append(n2)  return clean(dat) reppendinzi—
key = (n1, n2) key = (n1, n2)  key——iniz—n2) return dat key = n1 return clean(dat) = key = nl return s =
result[key]=1 result[key]=1 result[key]=0 result[key]=0 result[key]=0 result[key]=1
! ! : ! ! ! ! ! ! !
T T T T T T T T T . T
time
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Data Science approach: commit log analysis

data: GHTorrent gitHub dump (~1.5 TB) Q1:What is the team?
>> active developers in
identified 58 most active OpenSource projects reasonable time window
580,000 commits Q2: What is productivity?

30,000 developers >> Levenshtein distance
> 10 years of commit history between commits

AA T AA T AAa AA Al aA [ T
commit 1 commit 2 commit 3 commit 4 commit 5 commit 6 commit 7 commit 8 commit 9 commit 10

range = [1:n] range = [1:n] range = [1:100]  v_list = [] range = [1:200]  v_list = [] range = [1:200]  x = ‘ASC’ x = “DESC range = [1:200]
result = () result = { 8:0 ) result = { 0:0 ) dat = [] result = { 8:0 } dat = [} result = { 0:0 ) dat = [] dat = [] result = { 0:0 )
for i in range:  for i in range:  for i in range for 1 in range: for 1 in range: for 1 in range:
n1 = str(s[e]) n1 = str(t[e]) nl = str(t[6]) dat = getbata() nl = str(t[0]) dat = getdata() nl = int(t[0]) dat = getData()  dat = getData() n1 = int(t[e])
n2 = str(t[1])  n2 = str(t[1])  n2 = str(t[1]) dat = sort(dat) n2 = str(t[1]) dat = sort(dat) n2 = int(t[1]) dat = sort(dat,x) dat = sort(dat,x)
1.append(n1) 1.append(n1) Lappend(n1)  dat = clean(dat) ~ l.append(nl)  det——cieontdoty  L.append(ni) © = clean(dat) 1.append(n1)
1.append(n2) 1.append(n2) 1.append(n2) 1.append(n2) 1.append(n2)  return clean(dat) “reppendénz)-
key = (n1, n2)  key = (n1, n2) return dat y = return clean(dat)  key = n1 return s
result[key]=1 result[keyl=1 result[key]=e result[key]=0 result[key]=0 result[keyl=1
1 1 1 1 1 1 1 1 1 1
T T T T T T T T T T

time
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Data Science approach: commit log analysis

time window 1

N
AA T AA 1 AA

commit 1 commit 2 commit 3 commit 4 commit 5

range = [1:n] v_list = ] range = [1:200]
result = {} } dat=(] result = {
for 1 -ange: for 1 in range:
nl = str(s[e]) nl = str(t[e])  nl = str( dat = getData() nl = str(t[e])
n2 = str(t[1]) n2 = str(t[1]) ~ n2 = str(t[1]) dat = sort(dat) n2 = str(t[1])
1.append(n1) 1.append(n1) 1.append(n1)  dat = clean(dat) 1.append(n1)
1.append(n2) 1.append(n2) 1.append(n2) 1.append(n2)
key = (n1, n2)  key = (n1, n2)  key——fwiyn2) return dat =n
result[key]=e
1 1 1 1 1
T T T T T

code contributions

®
Al 75 characters

o 89 characters

¥

team size: 2
mean contribution: 82

t t >
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Data Science approach: commit log analysis

code contributions

. . “.‘ 45 characters

v AlS & 17 characters

‘.ﬂ ‘?‘ :‘ 29 characters
,_ 16 characters

team size: 4
mean contribution: 26.75

time window 2
N\

o 6 o o ¢
AA AA AIA 4 T

commit 6 commit 7 commit 8 commit 9 commit 10
= Ce

voiist = [ ] ko= eas: x = DESct range = [1:
dat = 1) ) dat=0) dat = ()
for 4 in 3
dat = getData() nl = int(t[0]) dat = getData() dat = getData() nl = int(t[e])
dat = sort(dat) n2 = int(t[1]) dat = sort(dat,x) dat = sort(dat,x)
dat——cleantdat) 1.append(n1) < = clean(dat) 1.append(n1)
l.append(n2)  return clean(dat)
return clean(dat) = n return s key = n2
result(key]=o result[key]=1
L L L L L L L L L L
T T T T T T T T T A T >
time
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Data Science approach: commit log analysis

code contributions

e 07 Bt
o
= 10° .I 45 characters
a 10° °
'.E 10° £ 41a | 17 characters
S 10° £ 0
g 10 ¢ AlA 29 characters
o 10 ¢
- , 16 characters
£ 10°F a
% 10" £ team size: 4
107 B e — mean contribution: 26.75
10° 10' 10? 10°
Team size
time window 2
N\
~
AIA 4 7.
commxt 6 commt 7 commit 8 commit 9 commit 10
v_list = [] X = “DESC* range = [1:200]
dat = [] dat = [] result = { 0:| o)
for 4 in rln‘. for i in range:
dat = getData() n1 = int(t[0]) dat = getbata() dat = getData() nl = int(t[e])
dat = sort(dat) n2 = int(t[1]) dat = sort(dat,x) dat = sort(dat,x)
dot——cleontdat) 1.append(n1) < = clean(dat) 1.append(n1)
1.append(n2)  return clean(dat) rappendind)—
return clean(dat) = n return s key = n2
result[key]=0 result[key]=1
t t t t t } } } } e

Systems Design

http:/ /www.sg.ethz.ch

time

A Quantitative Study of the Ringelmann Effect in Software Development Teams
Ingo Scholtes CSS Wintersymposium Cologne, DE 01/12/2016 | 5/ 8



AW Vad 2

—
- rACImATIA

~ Data Science approach: commit log analysis

S analysis across 58 projects
2
£ robust log-linear regression
g ! yields negative relation
5 O F
g r :
5 r 1 a=-0.86 + 0.02, ’=0.25
gw0'r R 1
2§ 1 .
el el el 43 we confirm and quantify the

Team size Ringelmann effect in
Open Source communities!

i t t i t t —

time
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Data Science approach: commit log analysis

Project A ProjectB

L) L] R BRI AT I 2 . . R

5 productivity coefficient - 10°
i a=-0.12 ]

Xx X
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XX X

x
x

=53

Mean code contribution

productivity coefficient H
: . _ : a=-1.9+0.2, ’=0.47 ~ S
Tl ] SOl ] s 107w = - L]
10° 10’ 10? 10° 10 10
Team size Team size
t t t t t t t t t T >
Systems Design A Quantitative Study of the Ringelmann Effect in Software Development Teams

http:/ /www.sg.ethz.ch Ingo Scholtes

CSS Wintersymposium Cologne, DE 01/12/2016 | 5/ 8



Y ZFh
AN 2T T

Coordination networks and productivity

network of
coordination
requirements .
time window 2
I\
r N
AlA Al AIA Ala T
commit 6 commit 7 commit 8 commit 9 commit 10
frecan | RO b= oesce |
aat = getvata()
dat = sort(dat)
dat——cleantdat) <
eturn cleanast)
return clean(dat) key = n1 return s =n2
result[key]=0 result[key]=1
L L L L L L L L L L
Ll Ll Ll Ll Ll .
} } } et >
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Coordination networks and productivity
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Coordination networks and productivity

Project A ProjectB
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Coordination networks and productivity

Qa A
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Productivity coefficient a
key finding:

statistically significant relation
between densification of coordination
networks and decrease in
productivity as teams grow in size
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Take-away messages

we provide quantitative evidence for the
Ringelmann effect in Open Source
software development teams

F—— s

From Aristotle to Ringelmann: a large-scale analysis
of team productivity and coordination in Open Source
Software projects

Ingo Scholtes! - Pavlin Mavrodiev! - Frank Schweitzer!

© Springer Sciences Business Media New York 2015

Abstract Complex software development projects rely on the contribution of teams of
developers, who are required to collaborate and coordinate their efforts. The productivity of
such development teams, i.¢., how their size is related to the produced output. is an impor-
tant consideration for project and schedule management as well as for cost estimation. The
majority of studies in empirical software engincering suggest that - due to coordination
overhead - teams of collaborating developers become less productive as they grow in size.
“This phenomenon is commonly paraphrased as Brooks” law of software project manage-
ment, which states that “adding manpower to a software project makes it later”. Outside
the non-addi o

he Ri effect, which

theory. Conversely, a recent study suggested that in opm Sounee Softuane mss»pnuuu
he productiviy of developers increases as he team grows i iz Atvibting i (o collec.
tive synergetic effects, this surprising finding was linked t0 the Aristotelian quote that “the
whole is more than the sum of s parts”. Using a data set of 58 OSS projects with more than
580,000 commits contributed by more than 30,000 developers, in this article we provide
a large-scale analysis of the relation between size and productivity of software develop-
ment teams. Our findings confirm the negative relation between team size and productivity
1 software engineering research, thus providing quantita-
Using fine-grained data on

previously suggested by empirica
tive evidence for the presence of a strong Ringelmann effe

Empirical Software Engineering,
Vol. 21, No. 2, April 2016
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Take-away messages

we provide quantitative evidence for the
Ringelmann effect in Open Source
software development teams

we uncover coordination overhead as
one mechanism behind the observed
scaling behavior of team productivity

F—— s

From Aristotle to Ringelmann: a large-scale analysis
of team productivity and coordination in Open Source
Software projects
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ment, which states that “adding manpower 10 a software project makes it later”. Outside
the non- ofproduciv uy

he Ri effect, which

theory. Conversely, a recent study suggested that in upm Sounee Softuane 1055‘pnuu,lw

the productivity of developers increases as the team grows in size. Attributing it to collec-

tive synergetic effects, this surprising finding was linked to the Aristotelian quote that
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Take-away messages

we provide quantitative evidence for the
Ringelmann effect in Open Source
software development teams

we uncover coordination overhead as
one mechanism behind the observed
scaling behavior of team productivity

we show that social science theories
provide actionable insights into
software engineering processes

F—— s

From Aristotle to Ringelmann: a large-scale analysis
of team productivity and coordination in Open Source
Software projects

Ingo Scholtes! - Pavlin Mavrodiev! - Frank Schweitzer!
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Thank You!

| Scholtes, M Strohmaier, F Schweitzer: Is Computer Science becoming a Social Science?,
Under review, October 2016

| Scholtes, P Mavrodiev, F Schweitzer: From Aristotle to Ringelmann: A large-scale analysis
of productivity and coordination in Open Source Software projects, Empirical Software
Engineering, Vol. 21, No. 2, April 2016

== | Scholtes: Understanding Complex Systems: When Big Data meets Network Science, it -
J Information Technology, Vol. 57, No. 4, pp. 252-256, July 31 2015

MS Zanetti, | Scholtes, CJ Tessone, F Schweitzer: The Rise and Fall of a Central Contributor:
Centralization and Performance in the Gentoo Community, Cooperative and Human Aspects
in Software Engineering, San Francisco, CA, USA, May 2013

MS Zanetti, | Scholtes, CJ Tessone, F Schweitzer: Categorizing Bugs with Social Networks: A

Case Study on Four Open Source Software Communities, 35th International Conference on
Software Engineering (ICSE '13), pp. 1032-1041, San Francisco, CA, USA, May 2013
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