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Regional Innovation Systems (RIS)

— through the lens of Research University ecosystems — 

"The whole is greater than the sum of its parts” — widely attributed to Aristotle (384-322 B.C.E.)

Method: Model the pairwise intensity of institutional research co-production 
(denoted by ￼ ) between all pair of research universities that define a given RISJij,t

Research Question: ● What is structure of institutional research co-production? 

● How does a particular research university ecosystem configuration promote 
particular outcomes (Structure ￼  Function relationship)→

— A case study of CA & TX —National Innovation System (NIS)



— Dependent variable —
Institutional research co-production Jij — a measure of pairwise integration.


 If ￼   is the nominal count of research articles produced by institution ￼ in year ￼, 

then ￼  is the fraction of total research featuring both institutions ￼ and ￼
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FIG. S3: Descriptive statistics for the Jij model. Descriptive statistics for set of Jij values analyzed in Table S1. Upper-diagonal elements: bivariate
histogram between row and column variables. Diagonal elements: histogram for variable indicated by the row/column labels. Lower-diagonal elements: bivariate
cross-correlation coefficient: light-shaded squares indicate the Pearson’s correlation coefficient between two variables that are both continuous measures; dark-
shaded squares indicate the Cramer’s V associate between two variables that are both nominal (categorical).
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What is the structure of institutional research co-production?

 — and role of boundaries (Institutional, Uni. System & State borders)? —

Research co-production matrix ￼  Jij,t

} Top 10 links 
(97.5 percentile)

• Community structure: within-region co-production
• counterexamples (eg UT Austin & UCSF; UT Austin & Caltech) indicate sorting 

by research area specialization & prestige
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Minimum Spanning Tree 

MST 

• MST shows backbone structure: highlights health science centers & RU with prominent 
medical schools as central hubs that mediate both within/across-RIS co-production via 
specialization-oriented alignment

2016-2020



●Traditional research      
         university 
● “Health Science Center”

Map of the University of California (UC) Campuses 
 

There are nine (9) University of California (UC) campuses for ingoing freshmen.  Please see the map below as 
to their location of each campus.  For more information about each individual campus click on the link and then 
see the individual campus link at the left.  Then, see at the right for the campus links and EXPLORE! 
 
http://admission.universityofcalifornia.edu/campuses/visit-uc/index.html 
 

 
 

 
 

 

 Multi-campus University Systems (MUS) — Institutional Homophily

MUSij = { 1 — if institutions i and j belong to same  

       multi-campus university system (MUS)

0 — otherwise  

2024 operation budget: $51 billion 

2022 research expend.: $8 billion (16%)

2024 operation budget: $28 billion 

2022 research expend.: $3.8+ billion (13%)

www.utsystem.eduwww.universityofcalifornia.edu

●Traditional research      
         university 
●Health Science Center

San Francisco ●

Factors promoting institutional co-production:



⇒ MUS represent the RIS backbone, 

source of resiliency to periodic socio-economic shocks

Excess research co-production ( ￼  ) attributable to 
the UC & UT multi-campus university systems (MUS)  

Jij

2000 2005 2010 2015 2020

0.000

0.002

0.004

0.006 γMUS × t
2007-08 Financial Crisis

C
on

tri
bu

tio
n 

to
 ￼

 
(re

la
tiv

e 
to

 t 
= 

20
00

) J ij

Perturbation to 
Within-MUS 

Resource Sharing

Re-consolidation of MUS backbone 
(*prioritizing prestige hierarchies)

p<0.05

Jij ± Std . Dev . = 0.005 ± 0.007
Regression model for the pairwise strength of institutional research co-production, 

Modeling the Structure ￼  Function relationship: How does a particular 
regional innovation system configuration promote particular outcomes 


(structure, resilience, innovation capacity, competitiveness, etc.)

→

Jij,t



• What is the optimal # of Departments of Physics 
(Management of Complex Systems) across the 10 UCs?

• How to distribute/invest in multi-campus research projects / 
infrastructure?

• How can system strategically navigate periodic socio-
economic resource shocks (2007-8 financial crisis, COVID, 
present-day,…)

• System/campus brand management:                            
consolidation versus differentiation?  

University digital media co-occurrence networks 
reveal structure and dynamics of brand visibility 

in the attention economy (HSS Comms. 2025)

What? Constructed a framework for understanding the 
institutional factors that promote institutional integration 
and synergy at the regional scale

Why? Developed insight for managing the redundancy/
specialization tradeoffs in multi-campus university 
systems (MUS):

UC System

Summary/Outlook

Policy/Admin. Guidance:


