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Some	
  Assembly	
  Required:	
  
Organizing	
  in	
  the	
  21st	
  Century	
  

	
  	
  	
  	
  



David	
  Ferucci,	
  	
  
New	
  York	
  Times	
  	
  
1/7/2012	
  





BaLere	
  Effect	
  

New	
  York	
  Times,	
  Feb	
  15,	
  2009	
  



Team	
  of	
  Rivals	
  

Time,	
  June	
  18,	
  2008	
  



But	
  “Teams	
  of	
  Rivals”	
  are	
  not	
  always	
  
succesful	
  ….	
  





The	
  Mul3-­‐Team	
  
System	
  Behind	
  
the	
  Disaster	
  



Tasks	
  don’t	
  always	
  come	
  before	
  Teams	
  

DeGroot,	
  M.	
  H.	
  (1987)	
  A	
  conversa6on	
  with	
  George	
  Box,	
  	
  
StaKsKcal	
  Science,	
  2,	
  pp.	
  239	
  –	
  258	
  
	
  



MONEYBALL	
  TO	
  HELP	
  
ASSEMBLE	
  THE	
  	
  NEXT	
  
“WATSON”	
  TEAM	
  

"Your	
  goal	
  shouldn't	
  be	
  to	
  buy	
  players.	
  Your	
  goal	
  should	
  be	
  to	
  buy	
  wins.	
  	
  
In	
  order	
  to	
  buy	
  wins,	
  you	
  need	
  to	
  buy	
  runs."	
  (Bakshi	
  &	
  Miller,	
  2011).	
  
	
  	
  
	
  



Perfect	
  Storm	
  ….	
  
■  We	
  are	
  well	
  poised	
  to	
  enable	
  team	
  assembly	
  by	
  leveraging	
  recent	
  advances	
  in:	
  
	
  

◆  Theories:	
  Theories	
  about	
  the	
  socio-­‐technical	
  mo6va6ons	
  for	
  crea6ng,	
  maintaining,	
  
dissolving	
  and	
  re-­‐crea6ng	
  links	
  to	
  engage	
  in	
  teams	
  

◆  Methods:	
  An	
  ensemble	
  of	
  qualita6ve	
  and	
  quan6ta6ve	
  methods	
  techniques	
  	
  (such	
  as	
  
exponen6al	
  random	
  graph	
  modeling	
  or	
  p*)	
  to	
  understand	
  and	
  enable	
  theore6cally	
  
grounded	
  network	
  recommenda6ons	
  for	
  teams	
  

	
  
◆  Data:	
  The	
  development	
  of	
  	
  Virtual	
  Web	
  Observatories	
  provide	
  the	
  technological	
  

capability	
  to	
  capture,	
  store	
  ,	
  merge,	
  and	
  query	
  rela6onal	
  metadata	
  about	
  data	
  and	
  
tools	
  needed	
  to	
  more	
  effec6vely	
  understand	
  and	
  enable	
  teams.	
  

	
  
◆  Computa6onal	
  infrastructure:	
  Cloud	
  compu6ng	
  and	
  petascale	
  applica6ons	
  are	
  

cri6cal	
  to	
  face	
  the	
  computa6onal	
  challenges	
  in	
  understanding	
  and	
  enabling	
  teams.	
  	
  



Multi-theoretical Multilevel (MTML)  
Motivations for Team Assembly 

■  Theories of self-interest 
■  Theories of social and 

resource exchange 
■  Theories of mutual 

interest and collective 
action 

■  Theories of contagion 
■  Theories of balance 
■  Theories of homophily 
■  Theories of proximity 

Sources:	
  	
  
Contractor,	
  N.	
  S.,	
  Wasserman,	
  S.	
  	
  &	
  Faust,	
  K.	
  	
  (2006).	
  Tes6ng	
  mul6-­‐theore6cal	
  mul6level	
  
hypotheses	
  about	
  organiza6onal	
  networks:	
  An	
  analy6c	
  framework	
  and	
  empirical	
  example.	
  
Academy	
  of	
  Management	
  Review.	
  	
  

	
  
Monge,	
  P.	
  R.	
  	
  &	
  Contractor,	
  N.	
  S.	
  	
  (2003).	
  Theories	
  of	
  CommunicaKon	
  Networks.	
  New	
  York:	
  
Oxford	
  University	
  Press.	
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“Structural	
  signatures”	
  of	
  MTML	
  
Mo3va3ons	
  for	
  Team	
  Assembly	
  

Theories	
  of	
  Self	
  interest	
   Theories	
  of	
  Exchange	
  

Theories	
  of	
  Collec3ve	
  Ac3on	
  

Theories	
  of	
  Balance	
  

Theories	
  of	
  Homophily	
   Theories	
  of	
  Cogni3on	
  



Sta6s6cal	
  “MRI”	
  for	
  Structural	
  Signatures	
  

•  p*/ERGM:	
  Exponen6al	
  Random	
  Graph	
  Models	
  
	
  
•  Sta6s6cal	
  “Macro-­‐scope”	
  to	
  detect	
  structural	
  mo6fs	
  in	
  

observed	
  networks	
  

•  Move	
  from	
  exploratory	
  to	
  confirmatory	
  network	
  analysis	
  to	
  
understand	
  mul6-­‐theore6cal	
  mul6level	
  mo6va6ons	
  for	
  why	
  we	
  
create	
  social	
  and	
  informa6on	
  networks	
  

	
  



Challenges	
  of	
  empirically	
  tes6ng,	
  
extending,	
  and	
  exploring	
  theories	
  
about	
  team	
  assembly	
  …	
  	
  



The	
  Hubble	
  telescope:	
  	
  $2.5	
  billion	
  

Source:	
  David	
  Lazer	
  



CERN	
  par6cle	
  accelerator:	
  	
  $1	
  billion/year	
  

Source:	
  David	
  Lazer	
  



The	
  Web:	
  	
  priceless*	
  

Source:	
  David	
  Lazer	
  

*	
  Apologies	
  to	
  MasterCard	
  





Four	
  Levels	
  of	
  Influences	
  on	
  	
  
Team	
  Assembly	
  

(b) Team as individuals and       
relations 

 

(a) Team as a collection 
of  individuals 

 

(c) Team as a network of 
individuals and tasks 
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Virtual	
  World	
  Exploratorium	
  
vwobservatory.org	
  



Our	
  Dataset	
  	
  	
  

•  Data	
  from	
  a	
  popular	
  Massively	
  Mul6player	
  Online	
  
Role	
  Playing	
  Game	
  (MMORPG)	
  EverQuest	
  II	
  (EQ2)	
  

	
  
–  Fantasy	
  based	
  game	
  
–  Server-­‐side	
  records	
  
–  Player	
  arributes,	
  ac6vi6es,	
  and	
  	
  
	
  rela6ons	
  

–  Focus	
  on	
  Combat	
  Teams	
  
–  Players	
  are	
  “nested”	
  within	
  teams	
  

	
   http://everquest2.station.sony.com/screenshots.vm 

4
6 



Combat	
  Groups	
  in	
  EverQuest	
  II	
  
•  Difficult	
  combat	
  tasks	
  require	
  collabora6on	
  of	
  
mul6ple	
  players	
  and	
  assembly	
  of	
  combat	
  
groups	
  

•  From	
  2006-­‐08-­‐27	
  to	
  2006-­‐09-­‐11	
  on	
  Antonia	
  
Bayle	
  Server	
  
– 8,423	
  players	
  	
  
– 46,393	
  groups	
  	
  
– 9,436,741	
  combat	
  
	
  	
  	
  related	
  records	
  

hrp://everquest2.sta6on.sony.com/screenshots.vm	
  



What	
  makes	
  a	
  group	
  successful?	
  
•  Group	
  Diversity	
  

–  Four	
  character	
  classes	
  in	
  the	
  game:	
  Fighter,	
  Mage,	
  
Scout	
  and	
  Priest,	
  each	
  having	
  a	
  different	
  role	
  in	
  a	
  
group	
  

– Measure	
  Group	
  Diversity:	
  Blau's	
  Index	
  

•  Group	
  member’s	
  cosmopolitan	
  level	
  
– Group	
  members	
  being	
  involved	
  in	
  mul6ple	
  different	
  
groups	
  

4
2

1
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Effects	
  of	
  Group	
  Arributes	
  on	
  Performance	
  Measures	
  

Experience 
Point (XP) Gain 

NPC’s Killed 

Level Gain 

Deaths during 
Combat 

Playing  
Frequency 

Group Life Span 

Start Level 

Number of  
Mentors 

Character Class 
Diversity 

Cosmopolitan 
Level 

Control	
  Variables	
  

Dependent	
  Variables	
  



Regression	
  Analysis	
  Results	
  on	
  Combat	
  Groups	
  of	
  Four	
  Players	
  

XP NPC’s Level	
  Gain Deaths 

Constant -­‐20939.926** -­‐3.376	
  
(.361) .717** 4.011** 

Frequency 
-­‐1553.494	
  
(.105) 4.127** -­‐.010	
  

(.816) .601** 

Life	
  Span 736.797** 1.174** .015** .063** 

Start	
  Level 236.364** -­‐.213** -­‐.023** -­‐.050** 

Num	
  of	
  Mentor -­‐3351.296** 2.343** -­‐.072** -­‐.647** 

Diversity 20819.998** 14.342**	
   .726**	
   -­‐1.873	
  
(.095) 

Member	
  

Cosmo. 

30.254	
  
(.612) 

-­‐.025	
  
(.698) -­‐.010**	
   -­‐.032**	
  

R2	
   .666 0.821 0.371 0.244 

F	
  
595.213	
  
(p=.000) 

1368.793	
  
(p=.000) 

176.071	
  
(.000) 

96.274	
  
(.000) 

**	
  indicates	
  	
  
	
  	
  	
  significant	
  	
  
	
  	
  	
  results	
  at	
  	
  
	
  	
  	
  .01	
  level	
  

Diversity helps the groups to achieve more. 

Members being cosmopolitan doesn’t help 
with gains but helps to avoid loss. 
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Rela6onal	
  Influences	
  on	
  
nanoHUB	
  Team	
  Assembly	
  

•  Outcome	
  variables	
  
– Co-­‐contribu6on	
  network(s)	
  

•  Explanatory	
  variables	
  
– Contributor	
  arributes	
  
– Network	
  structures	
  
– Covariate	
  networks	
  (co-­‐authorship	
  and	
  cita6on)	
  
– Posi6ons	
  in	
  co-­‐authorship	
  and	
  cita6on	
  networks	
  

•  Methods:	
  p*/Exponen6al	
  random	
  graph	
  
model	
  



Rela6onal	
  Influences	
  on	
  	
  
nanoHUB	
  Team	
  Assembly	
  

Co-­‐contribu3on	
  	
  in	
  …	
   Teams	
  	
  (>250	
  users)	
   Teams	
  	
  (<250	
  users)	
  

Female	
   	
  0.16	
  (.20)	
   	
  0.17	
  (.21)	
  

Same	
  country	
  origin	
   -­‐0.01	
  (.21)	
   	
  0.17	
  (.17)	
  

Same	
  university	
   	
  0.86***	
  (.10)	
   	
  1.59***	
  (.14)	
  

H-­‐index	
   -­‐0.04***	
  (.01)	
   -­‐0.05**	
  (.02)	
  

H-­‐index	
  difference	
   	
  0.04***	
  (.02)	
   	
  0.10***	
  (.03)	
  

Publica6on	
  difference	
   -­‐0.002	
  (.002)	
   -­‐0.009***	
  (.003)	
  

Co-­‐author	
  rela6on	
  (Ln)	
   	
  1.69***	
  (.39)	
   	
  1.39***	
  (.53)	
  

Cita6on	
  rela6on	
  (Ln)	
   	
  0.36	
  (.29)	
   	
  1.46***	
  (.37)	
  

Control:	
  

Purdue	
   -­‐0.39***	
  (.09)	
   -­‐0.26***	
  (.10)	
  

NCN	
   	
  0.57***	
  (.14)	
   	
  1.16***	
  (.20)	
  

Edge	
   -­‐3.69***	
  (.50)	
   -­‐2.05***	
  (.53)	
  

Alterna6ng	
  stars	
   -­‐1.51***	
  (.12)	
   -­‐2.14***	
  (.18)	
  

Alterna6ng	
  triangles	
   	
  3.62***	
  (.21)	
   	
  3.13***	
  (.18)	
  

N	
  	
   87	
   118	
  

Note:	
  *	
  p<.10,	
  **	
  p<.05,	
  ***	
  p<.01	
  



I.2 Motivations for creating network 
links for Team Assembly 

 
Yun Huang


Mengxiao Zhu

Brian Keegan


Jeff Treem

Noshir Contractor









Network	
  Data	
  on	
  Team	
  Assembly	
  



Partnership	
  

Trade	
  

Mail	
  

Instant	
  messaging	
  

Black:	
  male	
  
Red:	
  female	
  



Results 
•  Selectivity and transitivity (friend of a friend) exists in all online 

relations. 

•  Homophily of age and game experience is supported in all four 
relations. 

•  Distance matters but short distances are more important. Individuals  
living within 50 Km are 22.6 times more likely to be partners than 
those who live between 50 and 800 Km.  

•  Time zones impacts gaming and trading but not IM and mail. Individuals 
in the same time zone are 1.25 times more likely to be game partners 
than the individuals with one hour difference (but no time zone effect 
for  

•  Gender homophily is not supported for all relations and female players 
are more likely to interact with the male players. 
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Mul6modal	
  influences	
  on	
  	
  
nanoHUB	
  Team	
  Assembly	
  

•  Outcome	
  variables	
  
– Team	
  affilia6on	
  network(s)	
  

•  Explanatory	
  variables	
  
– Contributor	
  arributes	
  
– Team	
  arributes	
  
– Network	
  structures	
  
– Posi6ons	
  in	
  co-­‐authorship	
  and	
  cita6on	
  networks	
  

•  Methods:	
  p*/BPnet	
  



Mul6modal	
  influences	
  on	
  	
  
nanoHUB	
  Team	
  assembly	
  

Teams	
  	
  (>250	
  
users)	
  

Teams	
  	
  (<250	
  
users)	
  

Female	
   -­‐0.24	
  (.48)	
   -­‐0.18	
  (.33)	
  

Same	
  country	
  origin	
   -­‐0.07	
  (.13)	
   0.20**	
  (.10)	
  

Different	
  university	
   -­‐0.53***	
  (.09)	
   -­‐1.57***	
  (.13)	
  

H-­‐index	
   -­‐0.01	
  (.01)	
   	
  0.006	
  (.02)	
  

H-­‐index	
  difference	
   	
  0.007	
  (.008)	
   0.01	
  (0.01)	
  

Publica6on	
  difference	
   -­‐0.001	
  (.001)	
   -­‐0.003	
  (.002)	
  

Team:	
  

Tool	
  difficulty	
   0.05	
  (.18)	
   	
  0.39**	
  (.16)	
  

Open	
  source	
   -­‐1.57***	
  (.53)	
   -­‐0.71	
  (.67)	
  

Ra6ngs	
  (Binary)	
   	
  0.15	
  (.27)	
   	
  0.02	
  (.21)	
  

Num	
  cita6ons	
  (Ln)	
   0.67***	
  (.18)	
   -­‐0.06	
  (.27)	
  

Num	
  users	
  (Ln)	
   -­‐0.27	
  (.23)	
   0.001	
  (.12)	
  

Control:	
  

Purdue	
   -­‐1.01***	
  (.28)	
   -­‐1.22***	
  (.16)	
  

NCN	
   	
  2.89***	
  (.45)	
   	
  2.51***	
  (.33)	
  

Edge	
   	
  0.31	
  (2.01)	
   	
  0.17	
  (1.04)	
  

Contributor	
  stars	
   -­‐0.96***	
  (.30)	
   -­‐0.97***	
  (.22)	
  

Team	
  stars	
   -­‐0.06	
  (.61)	
   -­‐1.12**	
  (.53)	
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Scientific Ecosystem as Antecedent of 
Team Assembly and Performance!

•  Teams do not 
assemble in a 
“vacuum”"

•  Teams emerge from 
networks of prior 
collaborations in a 
particular space"
–  An “ECOSYSTEM”"

"
•  Are there certain characteristics of the scientific 

ecosystem that lead to team assembly?"
•  Do variations in these ecosystem characteristics 

predict team performance?"
"
"

-> Team Member"

-> Past Collaborator"

-> Co-authored 
paper"

A	
  
B	
  C	
  

D	
  

-> Link based on 
Co-authorship"
-> Newly assembled  
team for scientific 
innovation"



Ecosystem	
  influences	
  on	
  
nanoHUB	
  Team	
  Assembly	
  

•  Target	
  network	
  sta6s6cs	
  
–  Team	
  hyper6es	
  

•  Number	
  of	
  teams	
  	
  with	
  which	
  the	
  focal	
  team	
  has	
  
overlapping	
  members	
  (i.e.	
  hyper6e	
  degree).	
  

–  Closure	
  of	
  team	
  hyper6es	
  
•  Ra6o	
  of	
  overlap	
  among	
  teams	
  with	
  which	
  focal	
  team	
  has	
  
overlapping	
  members.	
  (i.e.	
  mean	
  clustering	
  coefficients)	
  

•  Methods:	
  Es6ma6on	
  by	
  comparison	
  to	
  
distribu6on	
  generated	
  by	
  simula6ng	
  hypergraphs	
  



Ecosystem	
  influence	
  on	
  	
  
nanoHUB	
  Team	
  Assembly	
  

Tools	
  developed	
  by	
  teams	
  
with	
  more	
  than	
  250	
  users	
  
have	
  significantly	
  more	
  
overlap	
  with	
  other	
  teams	
  
(hyper6es)	
  than	
  tools	
  with	
  
fewer	
  users	
  
F(60.86)=-­‐2.89,	
  p=0.005.	
  



Ecosystem	
  influences	
  on	
  assembly	
  of	
  
clinical	
  and	
  transla6onal	
  	
  science	
  teams	
  
•  Bibliographic	
  data	
  on	
  teams	
  of	
  researchers	
  who	
  
submired	
  research	
  proposals	
  to	
  a	
  grant	
  
compe66on	
  funded	
  by	
  NUCATS	
  Pilot	
  Grants	
  

•  100	
  research	
  proposal	
  teams	
  in	
  original	
  data	
  set	
  	
  
–  Total	
  of	
  147	
  par6cipants.	
  
–  7	
  teams	
  awarded	
  funding	
  (i.e.,	
  “Successful”	
  teams)	
  
–  47	
  single	
  author	
  proposals	
  excluded	
  from	
  sample	
  
–  53	
  coauthored	
  proposals	
  	
  	
  

•  11	
  teams	
  included	
  in	
  current	
  analyses	
  
–  4	
  funded,	
  7	
  unfunded	
  



"
Research Question 1: How does the presence of 
established “key teams” that dominate the 
intellectual discourse influence assembly of new 
teams?"
"
They inhibit the assembly of successful teams in 
the ecosystem!

 
Impact of ecosystem on assembly  

of successful teams 
!



 
Impact of ecosystem on assembly  

of successful teams 
!

Research Question 2: How does the coherence of the 
“intellectual neighborhood” impact assembly of 
successful teams?"
"
Successful teams are more likely to assemble when 
there is modest overlap in team membership within the 
ecosystem!



!
Research Question 3: How does the coherence of 
the “immediate intellectual neighborhood” impact 
assembly of successful teams?"

"
Teams are more likely to assemble when their 
immediate neighborhood has lower overlap in 
team membership than the entire ecosystem!

 
Impact of ecosystem on assembly  

of successful teams 
!



	
  
From	
  Understanding	
  to	
  Enabling	
  

Team	
  Assembly	
  Or	
  ….	
  



MONEYBALL	
  TO	
  HELP	
  
ASSEMBLE	
  THE	
  	
  NEXT	
  
“WATSON”	
  TEAM	
  

"Your	
  goal	
  shouldn't	
  be	
  to	
  buy	
  players.	
  Your	
  goal	
  should	
  be	
  to	
  buy	
  wins.	
  	
  
In	
  order	
  to	
  buy	
  wins,	
  you	
  need	
  to	
  buy	
  runs."	
  (Bakshi	
  &	
  Miller,	
  2011).	
  
	
  	
  
	
  



Demo	
  

•  Intra-­‐university	
  Research	
  Networking:	
  
NUCATS	
  Seman6c	
  C-­‐IKNOW	
  

•  Inter-­‐university	
  Research	
  Networking:	
  VIVO	
  C-­‐
IKNOW	
  

•  Dream	
  Team	
  Builder	
  



Perfect	
  Storm	
  ….	
  
■  We	
  are	
  well	
  poised	
  to	
  enable	
  team	
  assembly	
  by	
  leveraging	
  recent	
  advances	
  in:	
  
	
  

◆  Theories:	
  Theories	
  about	
  the	
  socio-­‐technical	
  mo6va6ons	
  for	
  crea6ng,	
  maintaining,	
  
dissolving	
  and	
  re-­‐crea6ng	
  links	
  to	
  engage	
  in	
  teams	
  

◆  Methods:	
  An	
  ensemble	
  of	
  qualita6ve	
  and	
  quan6ta6ve	
  methods	
  techniques	
  	
  (such	
  as	
  
exponen6al	
  random	
  graph	
  modeling	
  or	
  p*)	
  to	
  understand	
  and	
  enable	
  theore6cally	
  
grounded	
  network	
  recommenda6ons	
  for	
  teams	
  

	
  
◆  Data:	
  The	
  development	
  of	
  	
  Virtual	
  Web	
  Observatories	
  provide	
  the	
  technological	
  

capability	
  to	
  capture,	
  store	
  ,	
  merge,	
  and	
  query	
  rela6onal	
  metadata	
  about	
  data	
  and	
  
tools	
  needed	
  to	
  more	
  effec6vely	
  understand	
  and	
  enable	
  teams.	
  

	
  
◆  Computa6onal	
  infrastructure:	
  Cloud	
  compu6ng	
  and	
  petascale	
  applica6ons	
  are	
  

cri6cal	
  to	
  face	
  the	
  computa6onal	
  challenges	
  in	
  understanding	
  and	
  enabling	
  teams.	
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