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Motivation: The productivity challenge for Europe

Total factor productivity growth in global regions

Source: IMF. 2015

• TFP relates to how efficiently 
resources are used 
 Technical efficiency (TE)

• TE is shaped by regional 
innovation and organizational 
improvements. 



Knowledge Recombination and Regional Productivity

Variety
Relatedness

Productivity

In EconGeo literature there’s empirical evidence concerning this relationship, 
but many open questions remain…perhaps it needs a different approach!?

(+ / -)
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Knowledge Recombination and Regional Productivity

Variety
Relatedness

Recombinant 
Knowledge

Breakthrough/Incremental 
Innovation

Productivity

In EconGeo literature there’s empirical evidence concerning this relationship, 
but many open questions remain…perhaps it needs a different approach!?

Research Gap #1 Research Gap #2

The present discussion 
is about that….

(+ / -)
???

(+)

If you want to know more 
about that, give us a shout…
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The Origin of Innovation?   Recombination

Source: PATSTAT, authors’ own calculation

Most innovations derive from a novel 
manner of…

(1) combining existing technology in a novel way
(Carnabuci and Bruggeman, 2009; Fleming, 2001; Nelson 
and Winter, 1982; Schumpeter, 1934)

 Exploration

(2) improving existing technological combinations
(Henderson and Clark, 1990; Yayavaram and Ahuja, 2008)

 Exploitation

1980

2014

To produce means to combine materials and forces within our reach ... To
produce other things ... means to combine these materials and forces differently.

(Schumpeter, 1934: 65)

CPC Co-Occurrence Matrix
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The Origin of Innovation?   Recombination

Fitness 
(Innovation)

Breakthrough/
Disruptive 

Innovation?

“Adventurous  Space”

Productivity ↑
Potential ↓

Potential↑
Risk ↑ Diffusion ↑

Risk/Potential ≈

“Crowded Space”

Incremental
Innovation?

Knowledge Recombination 
“Search Space”

“Crazy Space”
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Local Knowledge Spaces – Two Dimensions

Technology Portfolio Dimension

Knowledge Space Dimension

Composition of local technology portfolio

“domain”

Local Technology Co-Occurrence Network

“connectedness”

Cambridge, UK – 2010-2104

Dieter F. Kogler & Changjun Lee | Technology Evolution in Regional Economies



Theoretical Framework (…the shoulders are we standing on)

New 
Recombination

Less-related 
Recombination

High-related 
Recombination

Imperfect 
imitation

Near-perfect 
imitation

Perfect 
imitation

Exploration Exploitation

Replication

Innovation

Recombination 
Type

Strategic
Management Random

search

Specialization
(Technological relatedness)EEG

Technological Entropy

Unrelated variety Related variety

Variation Selection
Biological 
evolution Mutation
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What drives regional technical efficiency?
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What drives regional technical efficiency?

“[TE] measures the maximum achievable TFP using the same amount of aggregated inputs while holding input and output mixes fixed.”
(Hervé Dakpo et al., 2019: 1169)
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Research Question

How are different types

of recombinant knowledge production activities,

i.e. exploitation and exploration,

related to the level of regional productivity?
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Some Considerations Based on Prior Insights...

Completely new or less-related recombinations: double-edged sword

New recombination is NOT ALWAYS good to find a breakthrough 

• “Recombination of distant or diverse knowledge is needed because knowledge in a 
narrow domain might trigger myopia, but recombination can be counterproductive 
when local search is needed to identify anomalies.”  (Kaplan and Vakili, 2015. p. 1435)

Most breakthrough innovations come from new recombination

• Breakthrough innovation requires a broad search for information and the 
recombination of different kinds of knowledge to break those bonds and produce 
novel ideas that achieve high economic value.  (Ahuja and Lampert, 2001; Guilford, 1967)

• Bridging distant or diverse knowledge enhances creativity 
(e.g., Audia and Goncalo, 2007; Hargadon and Sutton, 1997)
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Some Considerations Based on Prior Insights...

High-related recombinant knowledge: good for efficiency and easy to produce, but…

Problems of Myopia

“By simplifying experience and specializing adaptive responses, learning
improves organizational performance, on average. However, the same
mechanisms of learning that lead to the improvements also lead to limits to
those improvements.”

Levinthal & March 1993 p.101

Three types of myopia when focus is entirely on exploitation:

 overlooking distant times, distant places, & failures
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Exploration and Exploitation

“The essence of exploitation is the refinement and extension of existing competences, 
technologies, and paradigms. Its returns are positive, proximate, and predictable. (…)
The essence of exploration is experimentation with new alternatives. Its returns are 
uncertain, distant, and often negative. (…) Thus, the distance in time and space 
between the locus of learning and the locus for the realization of returns is generally 
greater in the case of exploration than in the case of exploitation, as is the uncertainty”

March, 1991: 85

• Exploitation increases ‘short-term’ productivity, but too much exploitation is 
not good for ‘long-term’ productivity

• Exploration decreases ‘short-term’ productivity, but may help for 'long-term’ 
productivity
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Exploration and Exploitation

Effect of imperfection in imitation on industry performance

Imperfect 
imitation

Near-perfect 
imitation

Perfect 
imitation

Source: Posen et al (2013) SMJ

Near-perfect
Imitation

Imperfect 
Imitation Innovation Random

Search

Exploitation Exploration

Perfect 
Imitation

TE

Long-term (> 30 yrs)
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Hypotheses

TFP gain
• Technical Progress

• Scale Effects

• Management Effects

wrt the current level of TE, 
Scale of Economy (GDP), 

Knowledge stock (Patenting)

(+)

(+)

(+)
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Overview: Data and Methods

• Data: PATSTAT (EPO) [1980:2014]
• Method: Regional Knowledge 

Space Measuring RCA of 
technology classes in New or 
Existing recombination

TFP gain
• Technical Progress

• Scale Effects

• Management Effects

• Data: Regional Socio-Economic Data
(Eurostat & Cambridge Econometrics)
[1980:2014] 

• Y(GDP), L(Employees), K(GFC), C(CE)
• Method: Stochastic Frontier Analysis
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NUTS Regions  (Nomenclature of territorial units for statistics)

NUTS 2 …the appropriate level for analyzing
regional-national problems…

98 regions at NUTS 1, 276 regions at NUTS 2 and 1342 regions at NUTS 3 level for EU28

EU28
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Patent Data

Inventor(s)

Patent 
Classification

Priority Date
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A Typology of Regional Tech Recombination Activities

Cumulated 
Knowledge 

Space 
(EU, until T-1)

Knowledge Space 
(Region R, T)

Knowledge Space 
(EU, T)

RCA matrix of  
technological 

recombination
(Region R, T)

Indexing matrix of
New

tech-recombination

Indexing matrix of
Existing

tech-recombination

Compare

Exploration = Sum of each region’s RCA in new recombination
Regional sum of Inventor share of patents

Exploitation = Sum of each region’s RCA in existing recombination
Regional sum of Inventor share of patents
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Regional Recombination Capacity

Knowledge Space 
(Region R, T)

Knowledge Space 
(EU, T)

RCA (continuous var.) matrix of  
technological recombination

(region R, T)

New Recombination 
Index matrix

Existing Recombination
Index matrix

Compare

Sum of RCA in Existing 
combinations (blue cells) in 
region (R) at T=6.7

A B C D E

A 4 1 0 1

B 3 1 0

C 0 0

D 8

E

A B C D E

A 0 0 1 0

B 0 0 1

C 1 1

D 0

E

A B C D E

A 1 0 0 1

B 1 1 0

C 0 0

D 1

E

A B C D E

A

B

C

D

E

A B C D E

A

B

C

D

E

A B C D E

A 3.3 0.6 0.3 1.1

B 2.2 0.4 0.9

C 1 0.7

D 0.1

E

𝑅𝑅𝑅𝑅(𝑅𝑅𝑅𝑅𝑅𝑅 𝑖𝑖𝑖𝑖 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)𝑖𝑖𝑖𝑖 =
�

𝑠𝑠𝑖𝑖,𝑗𝑗,𝑅𝑅
∑𝑖𝑖 ∑𝑗𝑗 𝑠𝑠𝑖𝑖,𝑗𝑗,𝑅𝑅

�
𝑠𝑠𝑖𝑖,𝑗𝑗,𝐸𝐸𝐸𝐸

∑𝑖𝑖 ∑𝑗𝑗 𝑠𝑠𝑖𝑖,𝑗𝑗,𝐸𝐸𝐸𝐸

Cumulated 
Knowledge Space 

(EU, until T-1)

Sum of RCA in New 
combinations (Red cells) in 
region (R) at T = 2.9
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Regional Recombination Capacity and Patenting
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Trends in Regional Recombination Capacity

85-89 90-94 95-99 00-04 05-09 10-14 85-89 90-94 95-99 00-04 05-09 10-14

Dieter F. Kogler & Changjun Lee | Technology Evolution in Regional Economies



Regional Productivity
Stochastic Frontier Analysis (SFA)

𝑌𝑌𝑖𝑖𝑖𝑖 = 𝑓𝑓 𝑥𝑥𝑖𝑖𝑖𝑖 ,𝛽𝛽 𝑒𝑒𝑉𝑉𝑖𝑖𝑖𝑖−𝑈𝑈𝑖𝑖𝑖𝑖

Yit : Output of region i at year t
xit : A vector of region i’s input set in period t
f   : Production function
𝛽𝛽 : A vector of unknown parameters to be estimated
Vit : i.i.d. random errors
Uit : Inefficiency

𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑒𝑒−𝑈𝑈𝑖𝑖𝑖𝑖 =
𝑌𝑌𝑖𝑖𝑖𝑖

𝑓𝑓(𝑋𝑋𝑖𝑖𝑖𝑖,𝛽𝛽)𝑒𝑒𝑉𝑉𝑖𝑖𝑖𝑖

𝑙𝑙𝑙𝑙𝑌𝑌𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + �
𝑚𝑚=1

3

𝛽𝛽𝑚𝑚𝑙𝑙𝑙𝑙𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 + �
𝑚𝑚=1

3

�
𝑘𝑘=1,
𝑘𝑘≥𝑚𝑚

3

𝛽𝛽𝑚𝑚𝑚𝑚𝑙𝑙𝑙𝑙𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑙𝑙𝑙𝑙𝑥𝑥𝑘𝑘𝑘𝑘𝑘𝑘 + 𝑉𝑉𝑖𝑖𝑖𝑖 − 𝑈𝑈𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖 = OA/OB

Output level

Input level

A

B

R1
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Regional Productivity
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Regional Productivity

85-89 90-94 95-99 00-04 05-09 10-14

Growth rate of TE
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Regression Models

Model 1. The Effect of Regional Capacity in Knowledge Recombination on Technical 
Efficiency (Random Intercept, Random Coeff. Model)

�𝑇𝑇𝐸𝐸𝑖𝑖,(𝑡𝑡+1) = 𝑓𝑓(𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 ,𝐸𝐸𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖,𝑿𝑿𝑖𝑖𝑖𝑖;𝜶𝜶[𝒊𝒊]𝒋𝒋,𝜷𝜷[𝒊𝒊]𝒋𝒋

�∆𝑇𝑇𝐸𝐸𝑖𝑖,(𝑡𝑡+1)= 𝑓𝑓(𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖,𝑇𝑇𝑇𝑇𝑖𝑖𝑡𝑡 ,𝑿𝑿𝑖𝑖𝑖𝑖;𝜶𝜶[𝒊𝒊]𝒋𝒋,𝜷𝜷[𝒊𝒊]𝒋𝒋

Model 2. The Effect of Regional Capacity in Knowledge Recombination on TE Growth rate 
(Random Intercept, Random Coeff. Model)

𝑿𝑿𝑖𝑖𝑖𝑖 includes 
Economy scale (GDP pct), 
Knowledge stock (#Pat pct), 
Periodic effect
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Regional Recombination and Productivity

The Effect of Regional Capacity in Knowledge Recombination on 
Technical Efficiency (TE) and Growth rate of TE

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Controls

Exploration

Exploitation

Exploration

Exploitation

Exploration

Exploitation

Exploration
×

Exploitation

Exploration
Ratio
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Regional Knowledge Recombination and Productivity

Exploration

Exploitation

Interaction

Ratio of Exploration

-.002 0 .002 .004 .006

Model 2 Model 3
Model 4 Model 5
Model 6

Technical Efficiency

Exploration

Exploitation

Interaction

Ratio of Exploration

-.0001 -.00005 0 .00005 .0001 .00015

Model 2 Model 3
Model 4 Model 5
Model 6

Growth rate of TE
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Summary of Findings

wrt the current level of TE, 
Scale of Economy (GDP), 

Knowledge Stock (Patenting)

(+)

(+)
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Take-Away…
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 Novel knowledge of economic value is essential for productive regional economies

 Variety (domain) and Relatedness (connectedness) are vital dimensions
 efficient knowledge-based regional policy  Smart Specialization Strategies (S3)

 The type of recombinant knowledge produced impacts on the level of technical efficiency
 More novel and radical recombinant knowledge leads to higher level of technical

efficiency  exploration outperforms exploitation

 Investments and instruments geared towards overcoming the difficulties of combining
previously unconnected knowledge domains, while perhaps not yielding short-term
returns, are crucial for long-term productivity growth and for pushing the frontier of
technical efficiency
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Regional Recombination and Productivity

                                                                    legend: * p<.05; ** p<.01; *** p<.001
                                                                                                         
                     r2_a                                                                                
                        N      1017         1017         1017         1017         1017         1017     
Statistics                                                                                               
                                                                                                         
                 Constant                                                        -2.192***               
lns1_1_4                   
                                                                                                         
                 Constant                                           -2.192***   -18.450***               
lns1_1_3                   
                                                                                                         
                 Constant                 -2.173***    -2.184***    -4.645***    -4.656***    -2.240***  
lns1_1_2                   
                                                                                                         
                 Constant    -5.126***    -5.182***    -5.227***    -5.372***    -5.368***    -5.494***  
lnsig_e                    
                                                                                                         
                 Constant    -2.172***    -5.798***    -4.896***    -5.448***    -5.464***    -1.975***  
lns1_1_1                   
                                                                                                         
                 Constant     0.610***     0.610***     0.610***     0.610***     0.610***     0.603***  
     Ratio of Exploration                                                                      0.004***  
              Interaction                                                        -0.000                  
             Exploitation                               0.000       -0.000       -0.000                  
              Exploration                  0.001*                    0.001        0.001                  
                       6      0.066***     0.066***     0.065***     0.066***     0.066***     0.071***  
                       5      0.049***     0.049***     0.048***     0.049***     0.049***     0.054***  
                       4      0.032***     0.032***     0.032***     0.032***     0.032***     0.036***  
                       3      0.016***     0.016***     0.016***     0.017***     0.017***     0.019***  
                     Time  
                           
                       2      0.002        0.002        0.002        0.001        0.001       -0.000     
                       1      0.002*       0.002*       0.002*       0.001*       0.001*       0.001     
                PATpct_gr  
                           
                       2     -0.000       -0.000       -0.000       -0.000       -0.000       -0.000     
                       1      0.005***     0.005***     0.004***     0.004***     0.004***     0.003***  
                GDPpct_gr  
TE                         
                                                                                                         
                 Variable       a1           b1           c1           d1           e1           f1      
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Regional Recombination and Productivity

                                                                    legend: * p<.05; ** p<.01; *** p<.001
                                                                                                         
                     r2_a                                                                                
                        N      1017         1017         1017         1017         1017         1017     
Statistics                                                                                               
                                                                                                         
                 Constant                                                        -5.394***               
lns1_1_4                   
                                                                                                         
                 Constant                                           -6.598***   -29.132***               
lns1_1_3                   
                                                                                                         
                 Constant                 -6.546***    -6.627***    -8.183***    -9.483***    -6.330***  
lns1_1_2                   
                                                                                                         
                 Constant    -8.696***    -8.827***    -8.911***    -9.084***    -8.855***    -8.983***  
lnsig_e                    
                                                                                                         
                 Constant    -6.588***    -9.082***    -8.186***    -9.025***    -8.819***    -8.220***  
lns1_1_1                   
                                                                                                         
                 Constant     0.037***     0.037***     0.038***     0.038***     0.020***     0.035***  
     Ratio of Exploration                                                                      0.000**   
              Interaction                                                        -0.000                  
             Exploitation                               0.000       -0.000       -0.000                  
              Exploration                  0.000*                    0.000**      0.000                  
                       6     -0.001***    -0.001***    -0.001***    -0.001***    -0.003***    -0.001***  
                       5     -0.000***    -0.000***    -0.000***    -0.000***    -0.002***    -0.001***  
                       4     -0.000***    -0.000***    -0.000***    -0.000***    -0.001***    -0.000***  
                       3     -0.000***    -0.000***    -0.000***    -0.000***    -0.001***    -0.000***  
                     Time  
                           
                       2     -0.000       -0.000       -0.000       -0.000       -0.000       -0.000     
                       1      0.000        0.000        0.000        0.000       -0.000        0.000     
                PATpct_gr  
                           
                       2     -0.000***    -0.000***    -0.000***    -0.000***    -0.000**     -0.000***  
                       1     -0.000       -0.000       -0.000       -0.000       -0.000***    -0.000     
                GDPpct_gr  
                       TE    -0.029***    -0.028***    -0.030***    -0.029***                 -0.025***  
CTE                        
                                                                                                         
                 Variable       a2           b2           c2           d2           e2           f2      
                                                                                                         



Regional Recombination and Productivity
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Kogler D. F., Rigby D. L. & Tucker I. (2013) Mapping Knowledge Space and Technological Relatedness in US Cities, European Planning Studies.

BIOTECH

NANO TECH

INFO TECH

GENECHIP

Applied Bio 
Systems

Genomics

Applied 
Materials

Nano Sensors

Nano
Biotech
Drug 

Delivery

Nanosys
Nanoscale

Instrumentation

Pharmacy
Diagnostic

Hardware
Software

Communic.

GC

Economic Reality Knowledge Space

The Knowledge Space                          Kogler et al. 2013, 2017
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EPO Patent Data – PATSTAT (1980-2014)

Inventor(s)

Patent 
Classification

Priority Date
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