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What we do

We help policy- and decision-makers to 

reveal the strengths and challenges of 

their innovation systems and to identify 

promising opportunities for scientifi c, 

technological and economic 

diversifi cation.

How can we solve these problems?

Smart diversifi cation is key to any strategic 

solution of these problems. Analyzing the 

diversifi cation pattern of productive 

structures, job positions, innovation 

networks and research portfolios can 

provide a rich set of information to design 

successful strategies to boost the 

economic success of a country, region, 

company or university, etc.

Imagine strategic decision problems

•  I am the manager of a company and 

want to identify promising new 

innovation partners and business 

opportunities.

• I am a director of a research 

institution and want to boost the 

scientific competitiveness and 

diversify the publication portfolio of 

my institution, but I do not know 

which scientific areas I could and 

should pursue.

• I am an economic policy maker and 

want to know which skills and 

strategic industrial sectors I should 

promote with targeted educational or 

innovation policies. 

Our scientifi c methods

New approaches from networks science, 

innovation economics, economic 

geography and management show that 

interactive learning and economic 

diversifi cation are key determinants for 

the success of universities, companies and 

countries (e.g. Hidalgo et al., Science, 

2007; Hidalgo and Hartmann, OECD 

Insights, 2016; Guevara et al., 

Scientometrics 2016). We combine the 

results of these cutting-edge research 

methods with in-depth qualitative studies 

on the innovation systems of countries 

and with the vast experience of the 

Fraunhofer Society in applied research 

technology to design tailor-made policy 

recommendations for countries, regions, 

universities and large companies on how 

to successfully diversify their knowledge 

portfolio. Subsequently, our four areas of 

expertise -1. Knowledge Portfolios and 

Diversifi cation Opportunities. 

2. International Innovation Networks,

3. Economic Diversifi cation, and 4. Policy

Recommendations— are summarized.
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areas in which individuals, universities and 

countries are most likely to diversify  

successfully, based on their previous 

knowledge portfolio. 
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Clinical Cancer Research

Circulation

Data Mining
Signal Processing

Neuroscience; Molecular & Cellular

Immunology

Surface Science

Bacteriology

Marine Biology

Chemical Engineering

Semiconducting Materials

Clinical Neurophysiology

Nutrition

Food Chemistry

Decision Support Systems

Seismology

Chromatography; Electrophoresis

Economics

Remote Sensing

Ceramics

Statistics

Automatic Control

Chaos Fractals & Complexity

Environmental Contamination

Biological Conservation

Energy Fuel

Soil Quality

Strategic Management

Pathology

Vision
Electro Analytical Chemistry

Enzyme Microbiological Techniques

Wool

Biomechanics

Comparative Animal Physiology

Science History

Clinical Infectious DiseaseDental Research

Public Health Service

Periodontology

Mental Health Nursing
Ecology

Neurophysiology & Neuroscience

Audiology
Environmental Management

Sound & Vibration

Flavors & Fragrance

Numerical Methods in Engineering

Surface Coating Technology

Art History

AIDS Treatment
Veterinary Microbiology

Environmental Protection

Pattern Recognition

Mental Health Assessment

Human Evolution

Forensic Psychiatry

Printing

Computational Math

Microbiology Biotechnology

Water Utilities

Eye

Water Resource

Molecular Medicine

Human Resource Management

Ecological Modeling
Marital & Family Therapy

Econometrics

Neuroscience Methods

Mineralogy

Solar & Wind Power

Educational Psychology

Molecular Ecology

Clinical Psychiatry

Paleogeography

User Interface Design

Public Policy

Engineering Education

Medical Education

Magnetic Resonance Imagery

Power Transmission

Fractures & Fatigue

Cross Disciplinary Studies

Preventive Medicine

Pharmaco Economics

Consciousness

Operations Management

Reproduction Veterinary

Applied Math

Electronics

Marketing

Textile Art

Perception Motor Skills

Bulk Solid Handling

●
●
●
●
●
●
●
●
●
●
●
●
●

Medical Specialties
Electrical Engineering & Computer Science
Biotechnology
Brain Research
Infectious Diseases
Chemistry
Math & Physics
Health Professionals
Biology
Chemical, Mechanical, & Civil Engineering
Social Sciences
Earth Sciences
Humanities

RESEARCH SPACE

S O U R C E :  G U E V A R A  E T  A L . ,  S C I E N T O M E T R I C S ,  2016

F I G U R E  1

1. USING THE GLOBAL RESEARCH SPACE

Using the global research space to reveal 

the comparative advantages,  

disadvantages and opportunities of  

universities and countries to diversify their 

knowledge portfolio The research space 

Figure 1 (left) is a significantly better  

predictor of the evolution of the research 

output of individuals and universities than 

existing maps of science (Guevara et al., 

2016). We can use these maps and 

underlying methods from machine learning 

to identify and compare the knowledge 



VERGÜTUNG VON ERF INDUNGEN UND TECHNISCHEN VERBESSERUNGEN

5 6

Schlumberger holdings 

Dinc

Fang

Ghasripoor

Safi

Turnquist

Schmidt

Adams

Askew jr

Bauer

Biswas
Chen

Choquette
d'Amico

Dipietro

Elbaum

Germain
Graceffa

Habgood
Han
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München
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Istanbul

Ankara

Duzce
Bursa
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Stuttgart

Computer technology

Measurement

Organic fine chemistry

Biotechnology

Pharmaceuticals

Macromolecular chemistry, 
polymers

Basic materials chemistry 

Materials, metallurgy
Surface technology, coating

Engines, pumps, turbines

Other special machines

AMGEN INC.

BASF se

BSH Bosch und Siemens Hausgeräte GmbH

Cognis Deutschland Gmbh & Co. KG

Fraunhofer−Gesellschaft

General Electric Company

Leibniz−Institut für neue Materialien GmbH

Nokia Corporation
Robert Bosch GmbH

We can use different data sources, such as 

publications, patents, international  

projects or semi-structured interviews to 

identify the bridge builders between 

countries, regionas, companies and  

research institutions. For instance, Figure 

2 shows that several German and US 

technology companies are key players 

within the Turkish patent portfolio. 

We complement the empirical studies 

with qualitative policy recommendations 

to promote economic win-win situations 

via intercultural boundary spanners and 

knowledge exchange.

S O U R C E :  H A R T M A N N  A N D  B U C H M A N N  2016

F I G U R E  2

2. IDENTIFYING KEY PLAYERS 
WITHIN INTERNATIONAL KNOWLEDGE 
AND TECHNOLOGY TRANSFER 

TECHNOLOGY SPACE
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Cutting edge-research from network  

science and economic complexity shows 

that the productive structures of countries 

determine their future level of economic 

development and income inequality  

(Hidalgo et al., Science, 20007; Hartmann 

et al., 2016, OECD Insights). This new  

research allows for an understanding of 

the systemic connections between  

different economic sectors and the  

institutions that are necessary for  

becoming competitive in different types 

of products and industries. Figure 3 

shows to which extent 775 different in-

dustrial products share competences and 

to which extent these products are rela-

ted to high (=red) and low (=blue) levels 

of income inequality. 

We use these methods to reveal country’s 

opportunities for smart, sustainable and 

inclusive growth. Figure 4 (next page) 

compares the productive structure of A. 

Chile and Malaysia. It becomes  

obvious that Chile’s lack of economic  

diversification and dependence on copper 

constrains its possibilities for inclusive 

growth. Conversely, Malaysia and several 

other East Asian economies have  

successfully managed to combine  

industrial and social policies to diversify 

their economies and have the ability  

to continue building up new capabilities 

to further diversify their productive  

structure.

Microcircuits

Chemical 
products Cars

Raw Cotton

Cocoa beans Crude petroleum
Copper

Footwear

Wine

Frozen Fish

Copper
Copper

0.51

0.33

0.42

0.48
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A

B C

D E

Malaysia 1963 - 1969 Malaysia 2000 - 2008

Norway 1963 - 1969 Norway 2000 - 2008

Sawlogs

Natural rubber

Tin and alloys

Computer parts
TV and radio

Microcircuits

Ships and boats aluminum

Metal articles

Newsprint
Processed 

Crude petroleumPetroleum gasses

7%

5%
2%

≤ 1%

45%
17%
4%

22%
10%
2%

11%
3%
1%

51%
18%
3%

F G
Chile 2000 - 2008Chile 1963 - 1969

70%
2%

32%
19%
3%

S O U R C E :  H A R T M A N N  E T  A L .  2017

F I G U R E  3

F igu re  3 .  The  p roduc t  space  and  income  
inequa l i t y .  (A )  I n  th i s  v i sua l i za t ion  o f  the  
p roduc t ,  space  nodes  a re  co lo red  acco rd ing  to 
a  p roduc t ’ s  PG I  a s  measured  be tween  1995-
2008 .  Node  s i ze s  a re  p ropor t iona l  to  wor ld 
t rade  be tween  2000  and  2008 .  The  ne tworks 
a re  based  on  a  p rox im i t y  mat r i x  r ep resent ing 
775S ITC-4  p roduc t  c l a s ses  expor ted  be tween 
1963-2008 .  The  l i nk  s t rength  (p rox im i t y )  i s 
based  on  the  cond i t iona l  p robab i l i t y  tha t  the 
p roduc t s  a re  co -expor ted .  
Source :  Ha r tmann  e t  a l . ,  2015

3. STRATEGIES FOR ECONOMIC DIVERSIFICATION

PRODUCT SPACE



VERGÜTUNG VON ERF INDUNGEN UND TECHNISCHEN VERBESSERUNGEN

9 10

A smart combination of science, indust-

rial, and social policies is necessary to 

achieve economic prosperity and reduce 

income inequality. Our methods allow us 

to identify opportunities for the scientific 

and industrial diversification of regions 

and countries while taking their unique 

productive structures and capabilities into 

account. This is crucial to designing  

education and scientific policies that 

match the economic growth  

opportunities. 

To understand the practical challenges 

and opportunities we also reveal key  

players and structural holes in the  

regional, national and international  

innovation networks. To reveal potentially 

new growth paths and policy strategies 

we use scenario building workshops with 

experts.

In this way we can provide tailor-made, 

data driven and practical policy  

recommendations on how to  

strategically combine education,  

science and economic diversification  

policies.

S O U R C E :  H A R T M A N N  E T  A L . ,  2017 ;  A T LA S . M E D I A . M I T . E D U

F I G U R E  4

4. QUALITATIVE ANALYSIS AND 
POLICY RECOMMENDATIONS

ANALYSIS
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