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Complexity Science Hub: Research topics



As of 2024:

Å 75 resident scientists

Å 22 senior scientists

Å 15 postdocs

Å 28 doctoral students

Å 10 data engineers

Å 82 external faculty

Å 47 associate faculty

Å 2 spin -offs



New: Digital Innovation School

Å Graduate program in complexity science in cooperation with partner 

universities

Å 5-7 new students each year

Å Training leaders for business , administration and research with the

skills to shape the digital transformation

Å Duration 10 years
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Economic growth
A long run perspective
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The great acceleration

Sources: 
Maddison 2001: The world economy a milennial prespective, 
Maddison 2005: Measuring and Interpreting World Economic 

Performance 1500-2001
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The great acceleration

Maddison 2001: The world economy a milennial prespective, 
Maddison 2005: Measuring and Interpreting World Economic Performance 1500-2001



The great divergence
x25



Complexity has been increasing
Global stock of knowledge expands exponentially
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There is just too much to learn!



Division of labor

Proposal: 

Å{ƻŎƛŜǘȅΩǎknowledgekeepsgrowing

ÅLƴŘƛǾƛŘǳŀƭΩǎcapacityto comprehendknowledgedoesnot

Å Knowledgegets distributed acrossan expandingarray of
άŜȄǇŜǊǘǎέ

Å Divisionof labor is not the ǿƻǊƭŘΩǎway to becomemore
efficient, but to deal with the growing body of global
knowledge(cf. Jacobs,1969; Beckeret al., 2007)



How specific is human capital?



Flows out of car manufacturing



Flows out of car manufacturing



Flows out of car manufacturing



Sort industries

рл҈ ƻŦ ƻǳǘŦƭƻǿǎ ŦǊƻƳ ŎŀǊ ƛƴŘǳǎǘǊȅ Χ

Χendup in industries
representing 2% of 

employment in
Germaneconomy



Industry space
Labor market as a network of human capital linkages

Neffke/Otto/Weyh(JEBO, 2017)



Predicts
Å Firm diversification 

(Neffke/Henning, SMJ 2013)
Å Inter-firm spillovers 

(Timmermans/Boschma, JoEG, 2014; Csáfordiet al.  2016)

Å Emergence and growth of local industries 
(Neffke, Otto, Weyh, JEBO 2017)

Å Duration of unemployment after displacement in plant 
closures (Neffke, Otto, Hidalgo, 2017)

Industry space
Labor market as a network of human capital linkages



How is collective knowledge organized?
Coordinating distributed experitise



Studying the transformation of societies 
coordinate complexity

ÅData requirements
ÅLong time periods (processes are slow)

ÅDetailed information on capabilities (e.g., micro data)

ÅInformation on complete teams (i.e., no samples)

ÅCombine two large historical datasets
ÅUS Census 1850 ς1940

ÅUSPTO 1790 ς2019 

Andres
Gomez-Lievano

Matté Hartog Sultan
Orazbayev



Workflow Inference and matching

άǎƪƛƭƭ ǊŜƭŀǘŜŘƴŜǎǎέ



Geocoding (1850)



Geocoding (1860)



Geocoding (1870)



Geocoding (1880)



Geocoding (1900)



Geocoding (1910)



Geocoding (1920)



Geocoding (1930)



Geocoding (1940)



Result

ÅMatched censuses 1850-1940
Å650M individuals, linked across waves
ÅOccupation, industry, detailed location
ÅAge, gender, race (+ some other information)
ÅFamily relations among them

ÅUSPTO linked to census
Å4M+ patents
Å1792-1975
ÅInventors, locations, technology classes
Å~ 8000 unique R&D labs



Burden of knowledge:
Gaining new knowledge requires greater investments 

in mastering existing knowledge

(1) Changing learning curves
(2) Emergence of specialized inventors

(3) Emergence of teamwork



New combinations: 
Share of patents with a new combination of technology 
classes



Burden of knowledge
Increasing level of formal skills



Academic patents
Professors and universities

Share of university patents
Purdue University 0.206
Iowa State University 0.114
University of Wisconsin-Madison 0.063

Stanford University 0.057
Dartmouth College 0.048
University of Minnesota 0.044

University of Illinois 0.038
University of Tennessee 0.032

University of Michigan 0.025
Ohio State University 0.022



Burden of knowledge
The rise of teamwork



Organizational innovation: Corporate research

(1) Rise of industrial research lab
(2) Labs support team coordination

(3) Lab-based teams create more novelty



Team coordination
From families to firms and labs

Dominant
coordination mechanism

Probability of
team patent



Labor inputs and novelty
Engineers and teams

Engineers Teams



Consequences for the 
geography of innovation



Shifts in the geography of invention
System 2: the rise of the Rustbelt

ÅTwo geographical shifts
ÅReconcentration of inventive activity in fewer locations
ÅReconcentration of inventive activity in largest cities

ÅThese shifts are led by system 2 and followed by system 1
ÅUntil 1925, locational patterns of system 1 and system 2 diverge
Å From 1925 on, spatial convergence of system 1 and system 2



Conclusions
Confluence of shifts in the US innovation system

ÅIn the 1920s, we witness a co-evolution of
ÅExplosion of novelty
ÅRise of teams
ÅWorker specialization: long learning curves + rise of engineers
ÅOrganizational innovation: rise of corporate R&D and research labs
ÅShifting geography of innovation
Å(new hurdles for participation in invention for foreign-born inventors and women that last until into the 21st

century)

ÅSystem 2 performs well until 1950
ÅFrom 1950s on, radically new combinations in decline
ÅIn the 1970s, system 2 seems to only enhance incremental novelty: Firm-based teams underperform 

standalone inventors
ÅWhat happened?

Å Decline of research labs? (Arora et al., 2020)
Å Teams are getting too large? (Wu et al., 2019)
Å New organizational innovations required? (online platforms?)



Skill complementarity
Neffke (Science Advances, 2019)



Pittsburgh Symphony Orchestra , Wikipedia, Photo Credit: Michael Sahaida, photographer





Administrative registry data Sweden

ÅTime period: (1990/)2001-2010
ÅEntire Swedish population
ÅTraining sample: 75% of workforce
ÅEstimation sample: remaining 25%, male, 20-60 yrsold, private sector: 440k individuals.
ÅSociodemographic information, career path, wage, workplace, etc.

ÅEducation coding
Å500+ combinations 4-digit education type and 1 digit education level 
ÅEducational levels:

1 primary school 2 different types
2 secondary school 2 different types
3 upper secondary school123 different types
4 post-secondary school 71 different types
5 tertiary 204 different types
6 PhD 59 different types



Image: http://www.sn-
online.de/Schaumburg/Landkreis/Themen/Thema-des-
Tages/Nachfolger

Image: Joonspoon- Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=36613
680

Applied systems science and 
software engineering

Program in animal husbandry



Image: http://strongholdhomehealth.org/Image: http://www.cardiffandvaleuhb.wales.nhs.uk/news/28870

Nursing, geriatric careNursing, midwifery 



Education-to-education 
coworking

Complementarity: which educations often work together?

establishment co-occurrences



Coworking



Coworking

Health care



Education-to-education 
substitutability

occupationeducation

Substitutability: which educations give access 
to the same occupations?



Education-to-education 
substitutability

occupationeducation

Substitutability: which educations give access 
to the same occupations?



Substitutability



SubstitutabilityHealth care



Work experience
Complementarityand Wagecurves



Work experience
Complementarityand Wagecurves



Returns to schooling
Do returns to schooling depend on finding complementary coworkers?

tertiary
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returns to college education

Residual college premium: %57 over primary school
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primary sec. upper sec.post-sec. tertiary Ph.D.
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primary sec. upper sec.post-sec. tertiary Ph.D.
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Complementarity premium (OLS)
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Complementarity premium (FE)
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ÅWhy are benefits of complementarity larger in larger establishments?
Å Deeper levels of specialization
Å Stronger interdependencies



Coordination and cities



Variation in urban wage premiums 
(OLS)
Elasticity by complementarity quintile
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Variation in urban wage premiums (FE)
Elasticity by complementarity quintile

0

.0
1

.0
2

.0
3

µ

lo
g

1
0

(w
a
g
e
)/

µ

lo
g

 1
0

(r
e
g
io

n
 s

iz
e
)

-.1 -.05 0 .05 .1 .15
complementarity

U
rb

a
n

 w
a

g
e

 p
re

m
iu

m



Conclusions

ÅGrowing body of collective knowledge forces us to specialize

ÅEconomy coordinates networks of networks: 
ÅSkills in individual
ÅExpertise in teams
Å Teams in firms
Å Firms in global value chains

ÅConsequences
ÅNeed for innovation in how we coordinate human expertise
ÅGreater independencies Ą value of skills depends on who you work with!

ÅComplexity Science
ÅHigh resolution data on skills and capabilities
ÅNetworks that reveal coordination of distributed expertise
ÅComplexity Science Hub Ą PhD and postdoctoral opportunities







Economic growth ςa long-run perspective

Sources: 
Maddison 2001: The world economy a milennial prespective, 
Maddison 2005: Measuring and Interpreting World Economic 

Performance 1500-2001
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The great acceleration

Maddison 2001: The world economy a milennial prespective, 
Maddison 2005: Measuring and Interpreting World Economic Performance 1500-2001



The great divergence
x25





Production in a world of 
economic complexity



Abandoning the traditional production 
function
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(           := car)

How to make a car?
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