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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	  Team	  Science	  



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	  



Key	  Takeaways	  
  Understanding	  and	  enabling	  team	  assembly	  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	  CommunicaNon	  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	  



Multidimensional Networks for Team Assembly 
Multiple Types of Nodes and Multiple Types of Relationships 





Four	  Levels	  of	  Influences	  on	  	  
Team	  Assembly	  

(b) Team as individuals and       
relations 
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Composi6onal	  Influences	  on	  	  
nanoHUB	  Team	  Assembly	  

•  Outcome	  variables	  
–  Tool	  ra6ngs,	  cita6ons,	  &	  users	  

•  Explanatory	  variables	  
–  Team	  size	  
–  Contributor	  diversi6es:	  gender,	  affilia6on,	  country,	  
and	  publica6on.	  	  

–  Tool	  anributes:	  difficulty,	  open	  source,	  versions,	  and	  
online	  dura6on.	  

•  Methods	  
–  Logit	  regression	  



Composi6onal	  Influences	  on	  	  
nanoHUB	  Team	  Assembly	  

Ra3ngs	  	  (+)	  	   Cita3ons	  	   Users	  (>250)	  

Team	  size	  	   	  0.18	  (.28)	   	  0.24	  (.31)	   -‐0.47	  (.33)	  

Number	  of	  females	   -‐0.75	  (.50)	   -‐0.91	  (.57)	   -‐0.58	  (.49)	  

Num	  country	  origin	   -‐0.27	  (.30)	   	  0.27	  (.33)	   	  0.59*	  (.34)	  

Num	  of	  universi6es	   	  0.32	  (.33)	   	  0.73*	  (.33)	   	  0.53	  (.38)	  

Max	  H-‐index	   	  0.02	  (.02)	   	  0.05**	  (.02)	   	  0.04**	  (.02)	  

H-‐index	  diversity	   	  0.08	  (1.16)	   -‐1.26	  (1.44)	   	  0.70	  (1.48)	  

Publica6on	  diversity	   -‐0.13	  (1.28)	   -‐0.58	  (1.54)	   	  0.31	  (1.62)	  
Tool	  controls:	  

Tool	  difficulty	   -‐0.03	  (.31)	   -‐0.02	  (.38)	   -‐0.65*	  (.36)	  

Open	  source	   	  0.72	  (.92)	   	  2.08*	  (1.08)	   	  1.65	  (1.06)	  

Number	  of	  versions	   	  0.21**	  (.09)	   	  0.03	  (.05)	   	  0.21**	  (.10)	  
Log	  likelihood	   -‐47.19	   -‐58.09	   -‐61.40	  
Cox	  &	  Snell	  R2	   0.14	   0.25	   0.25	  

Note:	  *	  p<.10,	  **	  p<.05,	  ***	  p<.01	  
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Rela6onal	  Influences	  on	  
nanoHUB	  Team	  Assembly	  

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

•  Explanatory	  variables	  
– Contributor	  anributes	  
– 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	  
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Mul6modal	  influences	  on	  	  
nanoHUB	  Team	  Assembly	  

•  Outcome	  variables	  
– Team	  affilia6on	  network(s)	  

•  Explanatory	  variables	  
– Contributor	  anributes	  
– Team	  anributes	  
– 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?"
"
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-> Co-authored 
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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.	  



Observed	  vs	  Simulated	  Overlap	  for	  	  
Teams	  w/	  250+	  Users	  

Observed	  avg.	  	  
Degree	  =	  15.38	  

Teams	  that	  develop	  	  
tools	  with	  larger	  	  
number	  of	  
users	  tend	  to	  have	  
	  no	  more	  overlap	  with	  	  
other	  teams	  than	  	  
expected	  by	  chance.	  



Observed	  vs	  Simulated	  Overlap	  for	  	  
Teams	  w/	  <	  250	  Users	  

Observed	  avg.	  	  
degree	  =	  8.54	  

Teams	  that	  develop	  	  
tools	  with	  fewer	  	  
users	  tend	  to	  have	  	  
much	  less	  overlap	  	  
with	  other	  teams	  than	  	  
expected	  by	  chance.	  



Clustering	  Coefficients	  of	  Teams	  w/	  250+	  Users	  

Observed	  avg.	  	  
clustering	  coef.	  =	  0.16	  

Teams	  that	  develop	  
tools	  with	  higher	  	  
number	  of	  users	  
do	  not	  have	  greater	  	  
or	  lower	  overlap	  
among	  teams	  with	  
which	  they	  overlap	  	  
than	  expected	  by	  
chance.	  



Clustering	  Coefficients	  of	  Teams	  w/	  less	  than	  250	  Users	  

Observed	  avg.	  	  
clustering	  coef.	  =	  0.24	  

Teams	  that	  develop	  
tools	  with	  fewer	  users	  
have	  greater	  overlap	  
among	  teams	  with	  
which	  they	  overlap	  	  
than	  expected	  by	  	  
chance.	  



Exemplar	  IV	  
	  

From	  Understanding	  to	  Enabling	  
Team	  Assembly	  Or	  ….	  



	  
HELPING	  ASSEMBLE	  
THE	  	  NEXT	  “WATSON”	  
TEAM	  

Projects 
Researchers 



Key	  Takeaways	  
  Understanding	  and	  enabling	  team	  assembly	  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	  (exponen6al	  

random	  graph	  modeling	  (p*)	  techniques	  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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