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Studies	
  of	
  19.9	
  million	
  research	
  ar6cles	
  over	
  5	
  decades	
  as	
  recorded	
  in	
  the	
  Web	
  of	
  Science	
  	
  
database,	
  and	
  an	
  addi6onal	
  2.1	
  million	
  patent	
  records	
  from	
  1975-­‐2005	
  found	
  three	
  important	
  facts.	
  	
  	
  
	
  
1.	
  For	
  virtually	
  all	
  fields,	
  research	
  is	
  increasingly	
  done	
  in	
  teams	
  	
  
	
  
2.	
  Teams	
  typically	
  produce	
  more	
  highly	
  cited	
  research	
  than	
  individuals	
  do	
  (accoun6ng	
  for	
  	
  
self-­‐cita6ons),	
  and	
  this	
  team	
  advantage	
  is	
  increasing	
  over	
  6me.	
  	
  
	
  
3.	
  .Teams	
  now	
  produce	
  the	
  excep6onally	
  high	
  impact	
  research,	
  even	
  where	
  that	
  dis6nc6on	
  was	
  once	
  the	
  
domain	
  of	
  	
  solo	
  authors.	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  	
  

Sources:	
  Wuchty,	
  Jones,	
  and	
  Uzzi,	
  2007a,	
  2007b	
  

Move	
  to	
  Teams	
  



The	
  trend	
  toward	
  virtual	
  communi6es	
  was	
  not	
  driven	
  by	
  a	
  growth	
  in	
  teamwork	
  by	
  
scien6sts	
  working	
  with	
  other	
  co-­‐located	
  scien6sts.	
  	
  Using	
  the	
  Web	
  of	
  Science	
  
database	
  to	
  analyze	
  the	
  collabora6on	
  arrangements	
  of	
  over	
  4,000,000	
  papers	
  over	
  
a	
  30	
  year	
  period,	
  they	
  found	
  that:	
  
	
  
1.  Team	
  science	
  is	
  increasingly	
  composed	
  of	
  co-­‐authors	
  located	
  at	
  different	
  

universi6es.	
  	
  	
  

2.  These	
  “virtual	
  communi6es	
  of	
  scholars”	
  produce	
  higher	
  impact	
  work	
  than	
  
comparable	
  co-­‐located	
  teams	
  or	
  solo	
  scien6sts.	
  	
  	
  

3.  This	
  change	
  is	
  true	
  for	
  all	
  fields	
  and	
  team	
  sizes,	
  as	
  well	
  as	
  for	
  research	
  done	
  at	
  
elite	
  universi6es	
  

Source:	
  Jones,	
  Wuchty,	
  Uzzi,	
  2008	
  

Move	
  to	
  Virtual	
  Team	
  Science	
  



Source:	
  Cummings	
  &	
  Kiesler,	
  2008	
  

The	
  Successes	
  are	
  by	
  Teams,	
  but	
  not	
  all	
  Teams	
  are	
  
Successful	
  

Study	
  of	
  NSF-­‐funded	
  project	
  teams	
  finds	
  collabora6ons	
  involving	
  more	
  
universi6es	
  produced	
  fewer	
  patents,	
  publica6ons,	
  and	
  other	
  knowledge	
  
outcomes,	
  especially	
  when	
  more	
  than	
  one	
  discipline	
  was	
  represented	
  in	
  the	
  
project.	
  

Distance	
  &	
  Disciplinary	
  
Differences	
  Most	
  Challenging	
  



Source:	
  Cummings	
  &	
  Kiesler,	
  2008	
  

The	
  Successes	
  are	
  by	
  Teams,	
  but	
  not	
  all	
  Teams	
  are	
  
Successful	
  

Study	
  of	
  NSF-­‐funded	
  project	
  teams	
  finds	
  collabora6ons	
  involving	
  more	
  
universi6es	
  produced	
  fewer	
  patents,	
  publica6ons,	
  and	
  other	
  knowledge	
  
outcomes,	
  especially	
  when	
  more	
  than	
  one	
  discipline	
  was	
  represented	
  in	
  the	
  
project.	
  

But,	
  prior	
  experience	
  mi6gates	
  the	
  
harmful	
  effects	
  of	
  distance	
  and	
  
disciplinary	
  differences	
  

Distance	
  &	
  Disciplinary	
  
Differences	
  Most	
  Challenging	
  



Key	
  Takeaways	
  
  Understanding	
  and	
  enabling	
  assembly	
  of	
  scien6fic	
  teams	
  is	
  well	
  poised	
  to	
  make	
  an	
  

intellectual	
  leap	
  by	
  leveraging	
  recent	
  advances	
  in:	
  
	
  

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

	
  
  Data:	
  Developments	
  in	
  Seman6c	
  Web/Web	
  2.0	
  provide	
  the	
  technological	
  capability	
  

to	
  capture,	
  store	
  ,	
  merge,	
  and	
  query	
  rela6onal	
  metadata	
  needed	
  to	
  more	
  effec6vely	
  
understand	
  and	
  enable	
  team	
  assembly.	
  

	
  
  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	
  team	
  assembly	
  

  Computa6onal	
  infrastructure:	
  Cloud	
  compu6ng	
  and	
  petascale	
  applica6ons	
  are	
  
cri6cal	
  to	
  face	
  the	
  computa6onal	
  challenges	
  in	
  understanding	
  and	
  enabling	
  team	
  
assembly.	
  	
  



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	
  CommunicaHon	
  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	
  



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	
  

hqp://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
1  where is percentage of class i in the groupi i

i
D p p

=

= −∑



Effects	
  of	
  Group	
  Aqributes	
  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. 



Four	
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Data	
  Set	
  	
  

•  1,103	
  grant	
  proposals	
  submiqed	
  to	
  NSF	
  (both	
  
awarded	
  and	
  un-­‐awarded)	
  

•  2	
  interdisciplinary	
  programs	
  
•  3-­‐year	
  period	
  
•  2,186	
  PIs	
  and	
  Co-­‐PIs	
  	
  



Who	
  submits	
  proposals?	
  

•  Individuals	
  are	
  more	
  likely	
  to	
  submit	
  proposals	
  
with	
  their	
  co-­‐authors.	
  

	
  
•  Individuals	
  are	
  more	
  likely	
  to	
  submit	
  proposals	
  
with	
  those	
  they	
  cite	
  



Who	
  submits	
  successful	
  proposals?	
  

•  Individuals	
  are	
  more	
  likely	
  to	
  submit	
  
successful	
  proposals	
  with	
  their	
  co-­‐authors.	
  

	
  
•  Individuals	
  are	
  less	
  likely	
  to	
  submit	
  successful	
  
proposals	
  with	
  those	
  they	
  cite	
  



Four	
  Levels	
  of	
  Influence	
  on	
  	
  
nanoHUB	
  Team	
  Assembly	
  

(b) Team as individuals and       
relations 
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Mul6modal	
  influences	
  on	
  	
  
nanoHUB	
  Team	
  Assembly	
  

•  Outcome	
  variables	
  
– Team	
  affilia6on	
  network(s)	
  

•  Explanatory	
  variables	
  
– Contributor	
  aqributes	
  
– Team	
  aqributes	
  
– 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”"

"

-> 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	
  
submiqed	
  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	
  



	
  
From	
  Understanding	
  to	
  Enabling	
  

Team	
  Assembly	
  Or	
  ….	
  



Demo	
  

•  NUCATS	
  Seman6c	
  C-­‐IKNOW	
  



Key	
  Takeaways	
  
  Understanding	
  and	
  enabling	
  assembly	
  of	
  scien6fic	
  teams	
  is	
  well	
  poised	
  to	
  make	
  an	
  

intellectual	
  leap	
  by	
  leveraging	
  recent	
  advances	
  in:	
  
	
  

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

	
  
  Data:	
  Developments	
  in	
  Seman6c	
  Web/Web	
  2.0	
  provide	
  the	
  technological	
  capability	
  

to	
  capture,	
  store	
  ,	
  merge,	
  and	
  query	
  rela6onal	
  metadata	
  needed	
  to	
  more	
  effec6vely	
  
understand	
  and	
  enable	
  team	
  assembly.	
  

	
  
  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	
  team	
  assembly	
  

  Computa6onal	
  infrastructure:	
  Cloud	
  compu6ng	
  and	
  petascale	
  applica6ons	
  are	
  
cri6cal	
  to	
  face	
  the	
  computa6onal	
  challenges	
  in	
  understanding	
  and	
  enabling	
  team	
  
assembly.	
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