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Research question

“Is the nature of the technology that 
supports science changing?”

We use the concept of ‘Research Orientation Focus’

Tijssen, R. J. W. and Winnink, J. (2016). Twenty-first century macro-trends in the institutional 
fabric of science: bibliometric monitoring and analysis. SCIENTOMETRICS, 109(3):2181–2194. 
20th International Conference on Science and Technology Indicators (STI), Univ Svizzera Italia, 
Lugano, SWITZERLAND, SEP 02-09, 2015.



STEM fields and their interactions

© Thornburg Center for Space Exploration. Picture from “Why STEM Topics are Interrelated: The Importance of 
Interdisciplinary Studies in K-12 Education“, 2008.



Science

Science are the research publications cited in patents 
that can be identified in the PATSTAT database and
covered in the CWTS-WoS database



Technology

All inventions for which a patent can be 
applied for

An invention solves a technical/technological problem



science and technology: two loosely 
connected spaces

See e.g. https://www.lens.org



Technology fields (1980-2018)
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Science areas (1980-2018)
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Direct interaction of science and technology (1980-2018)
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AGRICULTURE AND FOOD SCIENCE 3 2 1 3 5 6 1 5 8 4 2 8 2 0 7 1 7 1 8 6 0 9 7 6 6 8 1 6 5 2 2 2 8 8 7 1 8 1 4 1 7 9 4 7 8 2 2 9 9 1 3 4 1 8 8 2 2 7 6 4 4 4 2 0 8 7 5 0 1 6 7 2 1 5 4 8 6 8 9 8 4 1 6 7 2 3 6 4 1 4 6 4 7 6 9 3 6 9 3 3 5 2 2 9 2 3 6 4 8 0 8 2

ASTRONOMY AND ASTROPHYSICS 2 1 3 6 4 5 1 5 3 5 2 9 6 1 5 1 1 6 3 5 7 8 3 7 3 4 1 3 2 8 3 7 2 5 2 6 6 1 2 9 1 5 1 0 4 2 4 4 1 5 1 1 4 6 1 6 1 0 6 1 7 3 6 7 8 9

BASIC LIFE SCIENCES 4 7 3 4 9 5 4 6 1 4 3 1 8 5 9 3 1 5 6 5 5 1 8 4 0 6 3 2 6 7 0 8 9 4 3 1 1 8 8 2 6 0 6 4 8 2 2 2 2 6 1 8 6 6 0 1 1 9 4 5 6 3 6 9 5 4 7 6 5 7 7 1 2 9 0 1 7 7 0 6 3 2 0 1 4 1 9 9 1 8 9 2 1 6 7 5 6 3 8 3 9 4 2 7 7 5 9 6 1 2 2 6 3 0 9 2 5 2 0 0 2 2 5 4 1 4 2 5 1 5 1 1 3 5 2 5 7 9 4 0

BASIC MEDICAL SCIENCES 6 0 4 7 6 9 4 2 5 1 7 1 5 7 1 8 7 0 9 2 2 2 4 6 2 6 7 8 3 6 2 0 2 4 4 7 3 6 3 4 2 7 0 4 1 8 1 2 1 7 0 2 6 5 4 8 0 2 5 0 3 2 8 8 8 1 7 4 8 8 6 1 5 4 1 8 6 9 4 8 2 0 6 5 4 4 5 6 6 4 3 6 1 1 5 6 8 5 6 8 5 8 4 8 8 1 2 2 9 3 4 6 4 4 4 5 1 1 4 3 9 8 1 7 1

BIOLOGICAL SCIENCES 6 6 7 3 1 9 5 5 1 8 2 0 4 3 4 8 3 1 7 5 4 7 0 3 0 1 5 2 5 4 1 1 0 2 6 3 9 9 4 0 4 1 2 9 9 3 8 6 1 2 3 2 0 6 1 2 7 1 1 6 1 1 4 5 2 0 3 6 3 6 3 7 4 5 1 9 8 1 8 8 1 3 1 5 2 1 6 4 2 7 4 6 2 2 3 5 7 1 1 6 2 3 0 1 1 2 2 3 2 4 7 1 1 5 6 0 1 7 9

BIOMEDICAL SCIENCES 3 3 7 6 4 1 1 2 8 2 0 8 1 1 8 7 7 9 0 0 2 0 3 5 0 3 1 3 0 1 0 2 2 5 6 9 5 2 6 5 1 0 0 4 7 6 9 1 5 8 9 5 7 2 2 2 2 8 4 8 0 5 2 1 3 2 9 3 2 5 2 5 8 8 1 2 7 9 3 1 9 6 2 4 5 6 4 1 1 0 2 1 1 0 2 5 3 8 6 6 5 4 7 4 6 6 0 1 2 8 2 0 9 4 9 8 1 0 3 1 4 5 1 3 5 6 9 6 1 3 7 2 0 9 4 0 5

CHEMISTRY AND CHEMICAL ENGINEERING 2 1 5 0 2 2 8 8 8 5 0 6 3 3 8 3 8 4 8 7 6 3 3 0 1 9 7 1 4 0 2 5 4 7 0 1 0 2 6 2 3 8 2 1 1 0 0 1 9 5 1 7 2 1 0 9 3 1 3 3 3 1 1 0 1 3 2 9 6 1 8 6 7 3 0 7 0 4 1 7 8 0 2 2 6 7 8 1 1 0 5 7 1 1 8 3 7 8 0 0 5 8 9 8 0 9 5 0 8 1 1 3 2 9 1 0 4 3 5 7 2 7 0 9 1 9 8 9 0 1 6 2 1 4 5 7 4 5 9 5 0 1 0 2 7 1 0 2 3 2 6 5 9 2 2

CIVIL ENGINEERING AND CONSTRUCTION 1 3 4 1 0 6 1 7 1 7 9 1 0 2 1 7 1 3 1 4 8 0 5 2 8 2 7 6 8 5 1 0 2 1 9 4 1 6 5 4 0 1 3 0 6 2 1 1 1 6 0 6 6 5 1 4 9 8 8 9 2 4 4 9 3 0 1 4 1 6 3 2 5 9 9 7 3 4 4 9 6 1 8 1 2 8 9 6

CLINICAL MEDICINE 3 1 8 6 5 1 3 7 2 2 1 7 9 4 4 9 7 9 3 8 0 2 3 2 1 1 3 8 7 0 1 6 8 0 2 2 3 9 7 7 2 4 2 3 7 1 1 4 7 8 2 2 7 2 4 8 3 7 0 0 4 8 9 2 1 0 3 5 5 1 7 2 2 9 2 1 6 3 3 9 2 6 6 7 9 1 0 4 7 3 8 4 6 1 8 7 9 4 1 8 1 1 0 9 7 6 2 3 4 5 8 4 6 4 6 1 2 9 3 1 1 6 1 6 5 1 8 5 6 6 3

COMPUTER SCIENCES 1 1 7 7 1 0 8 1 6 4 2 0 8 3 5 6 2 0 2 7 3 9 3 1 6 8 6 1 7 7 1 4 6 0 6 1 9 9 9 1 8 8 2 3 1 5 2 5 7 1 6 9 6 5 9 5 1 3 4 9 5 0 2 4 7 1 0 2 1 2 7 6 1 8 1 1 3 3 5 4 7 4 1 5 3 1 7 7 2 1 0 7 0 5 3 1 3 8 7 1 4 7 6 1 5 9 6 3 1 3 1 0 2 8 2 3 6 1 1 0 0 6 5 0 9 2 8 6 0

CREATIVE ARTS, CULTURE AND MUSIC 6 4 7 1 3 6 2 8 5 4 1 4 9 1 3 2 0 1 1 1 1 5 1 1 9 2 6 7 1 8 5 6 1 6 8 7 6 5 1 8 4 4 1 5 1 3 2 3 1 9

EARTH SCIENCES AND TECHNOLOGY 4 9 3 1 5 7 3 2 0 8 6 4 1 4 9 1 7 4 4 7 4 2 4 8 0 8 3 0 0 3 4 3 3 3 8 1 9 2 6 8 2 9 5 4 5 5 4 1 8 4 1 4 4 1 9 5 8 5 0 5 2 8 3 5 9 2 0 0 5 1 0 1 7 1 5 3 1 6 8 7 2 8 9 3 6 2 2 9 3 3 3 7 7 8 8 2 3 8 6 4 1 7 3 1 4 6 0 5

ECONOMICS AND BUSINESS 1 8 4 3 6 2 8 4 5 2 0 8 7 8 2 1 6 0 1 4 7 4 6 9 1 4 1 2 2 8 1 1 1 0 9 5 7 8 1 1 4 2 5 6 0 2 7 3 6 9 1 4 8 5 2 4 8 7 0 1 9 1 1 2 1 8 8 1

EDUCATIONAL SCIENCES 5 2 4 0 1 6 5 7 1 0 0 3 6 1 3 2 9 6 9 8 5 7 3 0 2 1 9 1 5 2 0 7 6 7 8 3 4 1 7 1 4 2 4 1 0 6 1 9 1 0 9 1 1 6 2 4 1 8 1 6 2 5 8 4 7 8 3 1 0 5 1 0 1 0 9 5

ELECTRICAL ENGINEERING AND 
TELECOMMUNICATION 1 7 6 0 2 4 8 7 3 2 0 2 5 8 8 9 3 1 3 7 3 2 5 3 2 4 6 3 5 7 8 4 1 7 3 7 3 3 4 8 8 3 1 3 0 7 1 1 7 9 7 1 4 4 9 6 9 5 5 6 1 0 9 5 3 0 8 4 1 1 5 9 5 8 7 1 8 2 1 2 3 4 2 3 7 4 0 7 4 1 2 2 9 4 9 2 0 7 8 8 8 2 7 1 2 2 2 1 7 2 6 5 6 6 2 8 0 0 9 4 5 2 2 3 6 9 6 9 8 5 1 4 5 2 1 8 0 1 1 9 2 6 4 3

ENERGY SCIENCE AND TECHNOLOGY 6 0 0 3 6 2 2 4 4 3 2 7 5 2 6 3 6 3 3 9 3 9 5 0 1 5 0 1 5 1 9 1 0 5 6 1 8 8 2 0 2 5 3 1 3 2 5 6 6 2 7 1 5 6 1 8 1 3 3 7 1 0 1 1 3 4 7 5 2 9 9 4 2 6 0 1 1 8 0 5 7 5 7 2 3 2 1 9 3 1 3 3 6 8 2 1 0 2 2 3 6 2 0 1 9 9 5 1 6 6 3 6 8 1 0 1 2 2 9 0 2 6 9 0 6

ENVIRONMENTAL SCIENCES AND TECHNOLOGY 1 2 8 3 1 2 6 8 3 3 6 3 3 8 0 2 4 8 0 7 3 9 3 9 2 4 2 3 1 7 3 1 0 7 4 3 7 2 4 1 3 0 1 0 1 4 2 9 8 7 2 3 5 4 8 1 1 1 5 7 2 0 9 4 1 9 0 9 8 5 8 0 2 3 5 8 1 6 1 4 0 6 0 1 4 5 9 1 1 1 8 9 4 3 9 0 8 0 7 5 2 3 9 4 2 6 9 1 1 1 2 0 1 9 2

GENERAL AND INDUSTRIAL ENGINEERING 3 4 7 1 6 6 1 6 3 0 3 9 1 2 9 0 5 9 4 1 6 1 3 8 9 4 1 2 0 9 4 9 8 1 9 1 1 3 9 8 2 4 4 7 1 8 0 3 0 3 5 8 0 7 0 0 4 0 9 6 6 8 2 9 6 9 2 2 5 7 1 4 2 2 3 7 9 7 3 3 1 2 2 1 6 1 6 1 9 5 1 6 1 0 7 0 3 6 2 4 2 0 1 2 0 2 3 6 3 1 4 5 2 8

HEALTH SCIENCES 1 1 2 7 1 3 0 1 3 4 1 8 2 0 0 2 6 1 6 1 2 7 6 2 8 8 7 1 5 3 1 7 2 7 3 5 0 1 8 9 6 6 3 3 3 4 2 6 0 2 0 4 1 3 1 4 3 3 7 5 3 8 5 4 1 4 8 7 1 5 7 2 0 5 4 6 8 0 2 9 3 3 4 3 2 1 1 9 3 6 1 0 1 5 2

HISTORY, PHILOSOPHY AND RELIGION 1 8 2 5 1 0 2 4 5 9 5 4 1 0 0 1 6 1 1 1 3 2 4 1 2 4 3 1 9 6 1 0 1 4 2 8 4 2 6 2 9 3 6 3 4 7 0 1 2 4 1 0 1 3 3 5 6

INFORMATION AND COMMUNICATION SCIENCES 2 0 1 3 2 2 8 5 2 7 3 1 6 0 3 9 5 1 9 0 1 9 3 8 1 4 7 3 7 1 1 1 7 2 1 6 9 9 9 1 9 3 2 8 8 2 7 9 6 6 1 9 4 1

INSTRUMENTS AND INSTRUMENTATION 3 0 4 5 2 4 5 4 1 2 0 3 5 7 6 2 2 9 9 2 4 9 0 1 7 5 3 3 3 6 1 3 3 9 6 3 7 4 7 2 0 1 2 3 6 1 0 6 7 9 2 1 1 6 2 8 6 1 7 4 4 1 2 4 0 8 6 4 5 1 4 1 3 9 4 9 1 3 2 5 1 1 8 9 5 3 4 0 3 8 7 3 2 9 8 7 2 3 9 5 2 3 6 6 8 1 5 8 1 1 2 4 1 4 2 4 2 0 0 5 3 7 3 2 7 2 6

LANGUAGE AND LINGUISTICS 3 2 7 1 1 1 1 3 6 8 3 5 2 6 3 3 1 0 1 2 3 1 0 8 8 1 3 1 2 1 2 5 1 1 4 8 9

LAW AND CRIMINOLOGY 2 3 1 1 5 6 4 8 4 6 9 5 8 1 1 4 2 1 5 1 7 2 4 5 7 3 0 5 8 3 1 4 1 3 4 1 8 5 3 1 1 0 1 1 9 1 9 1 1 4 1 8 1 7 3 1 7 8 9 5 2 3 1 0 4 2

LITERATURE 1 0 4 3 3 2 3 3 2 3 2 6 3 2 6 7 6 5 3 1 1 1 9 1 1 2 1 2 7 4 2 7 2 1 2 3

MANAGEMENT AND PLANNING 1 9 2 3 6 6 3 4 8 9 6 9 6 1 7 3 1 1 6 1 5 1 2 6 9 8 2 6 7 6 7 8 3 8 5 9 5 3 2 1 6 2 1 6 9 3 2 1 4 5 8 0 8 4 9 1 4 0 4

MATHEMATICS 2 3 2 3 7 8 2 0 1 3 5 2 8 9 1 1 4 7 1 3 1 0 5 4 1 2 7 3 0 1 1 9 7 3 3 0 2 6 3 9 2 6 3 0 7 3 9 1 3 6 9 8 8 3 2 6 4 1 7 3 5 1 1 1 1 4 2 5 0 5 9 1 7 9 1 0 8 5 2 4 0 3 1 6 3 0 5 9 5 3 6 9

MECHANICAL ENGINEERING AND AEROSPACE 4 9 4 2 4 6 6 1 3 9 7 1 5 8 7 5 7 6 1 7 4 9 4 5 6 5 0 7 6 1 0 6 2 7 2 3 1 4 2 3 1 4 7 2 6 5 5 2 1 1 1 3 1 3 3 4 1 6 9 6 7 0 7 7 8 1 2 2 1 5 1 2 2 7 0 7 3 0 4 3 3 3 7 6 8 3 9 2 2 8 3 6 9 2 4 8 9 1 2 2 2 9 1 2 3 0 1 4 4 6 2 8 6 1 0 6 6 1 0 9 2 2 5 0 0 7

MULTIDISCIPLINARY JOURNALS 2 1 5 7 8 1 5 6 1 5 3 0 7 3 2 5 6 9 8 3 9 4 0 5 2 1 5 4 4 8 6 6 4 0 0 2 7 3 3 9 3 7 5 5 6 7 2 9 4 6 3 8 1 0 2 1 9 7 2 1 8 2 9 5 2 4 3 6 2 6 4 0 7 0 5 5 3 0 9 5 6 3 0 2 3 8 4 3 3 4 3 2 8 3 1 6 3 2 5 4 5 0 0 5 6 3 8 9 6 9 3 5 3 1 1 9 4 7 2 8 2 0 1 6 8 1 9 0 1 1 9 0 4 2

PHYSICS AND MATERIALS SCIENCE 7 1 9 3 1 3 3 9 2 3 7 6 7 1 4 3 3 6 8 5 2 0 1 4 2 5 6 1 2 1 1 1 5 0 2 8 1 7 0 9 2 1 6 6 2 8 7 9 3 3 7 9 6 4 1 0 4 5 4 4 3 0 1 7 1 9 3 3 5 4 5 4 7 9 5 5 7 2 5 0 0 3 3 2 7 0 3 1 4 6 5 1 1 3 9 4 9 8 2 6 3 7 4 7 8 1 1 8 9 7 1 5 0 7 7 5 4 7 7 4 0 3 5 3 8 3 5 2 5 2 6 3 9 3 7 2 3 5 0 1 1 4 5 9 1 1 8 6 2 0 6 2 2 8

POLITICAL SCIENCE AND PUBLIC 
ADMINISTRATION 3 5 1 5 2 0 1 4 1 3 8 2 1 1 8 1 6 3 9 1 1 1 3 1 2 2 8 3 1 0 1 1 1 1 8

PSYCHOLOGY 2 2 6 2 3 7 2 0 1 4 9 4 1 3 1 8 4 1 3 2 3 2 7 2 1 1 2 2 5 7 2 1 5 0 6 0 3 9 2 2 1 1 4 2 4 1 1 1 6 3 7 8 2 2 5 4 3 5 5 8 5 7 6 5 1 4 8 7 1 7 1 4 1 0 5 2 0 1 2 3 4 4 0 8 4

SOCIAL AND BEHAVIORAL SCIENCES, 
INTERDISCIPLINARY 2 6 9 2 1 0 6 0 4 9 1 2 4 2 7 8 2 1 4 2 0 3 2 5 5 2 2 3 3 4 3 2 9 2 3 1 2 4 7 5 1 1 4 8 1 2 2 4 3 6 1

SOCIOLOGY AND ANTHROPOLOGY 3 9 8 4 1 9 8 5 9 1 9 6 1 8 1 8 7 2 4 2 1 1 1 5 1 9 4 4 6 4 2 1 8 1 2 1 9 6 7 2 1 2 1 5 6 1 4 6 5 1 2 3 4 6 6

STATISTICAL SCIENCES 4 6 0 1 3 7 5 7 2 6 6 2 2 1 0 4 4 4 2 6 2 5 5 1 7 3 5 9 7 4 3 9 2 5 3 9 1 9 5 9 1 1 7 6 6 6 1 1 1 4 5 8 4 5 2 1 0 7 4 3 1 6 6 1 0 3 7 2 1 7 6 4 2 4 1 7 9 1 2 1 9 5 0 5 0 0 4

Column total (No Duplicate counting) 6 8 9 6 8 3 9 0 1 4 2 2 8 4 7 5 7 8 0 4 1 9 7 0 6 8 4 0 7 6 1 4 0 5 3 1 0 9 3 3 2 1 2 9 0 5 4 2 1 2 0 4 5 2 1 7 8 1 6 2 1 4 1 8 4 3 1 1 1 2 1 9 0 4 3 3 3 8 8 7 2 1 7 1 8 0 3 6 4 6 5 3 4 0 1 0 8 1 1 0 1 3 1 7 8 6 2 6 0 4 1 3 2 2 2 4 7 6 6 3 1 4 9 4 4 7 4 7 1 1 2 3 9 4 6 2 1 3 1 6 9 6 6 3 4 4 3 3 0 8 2 4 2 7 2 7 9 0 9 6 3 4 4 5 4 8 9 2
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Research Orientation Focus

Journals are classified based on the distribution of the 
affiliations of the authors in:

1. University Research Orientation (URO)

2. Industrial Research Orientation (IRO)

3. Health sciences/Hospital Research Orientation (HRO)

URO is considered to be ‘curiosity driven’ 
(‘fundamental’ or ‘basic’ research)

IRO and HRO are more oriented towards ‘application’

URO + IRO + HRO = 1
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Evolution of URO, IRO and HRO (NPLRs)
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Evolution of URO, IRO and HRO (WoS & NPLRs)

0%

10%

20%

30%

40%

50%

60%

70%

1980 1985 1990 1995 2000 2005 2010 2015 2020

Sh
ar

e 
of

 to
ta

l p
ub

lic
at

io
ns

Year of publication

URO IRO HRO URO (NPLR) IRO (NPLR) HRO (NPLR)



20

40

60

80

100

20

40

60

80

100

20 40 60 80 10
0

HRO / %
UR

O 
/ %

IRO / %

WoS

NPLRs

HRO

URO IRO

Research orientation based on WoS publications and NPLRs (1980−2014)



30

35

40

45

30

35

40

45

30 35 40 45

HRO / %

UR
O 

/ %

IRO / %

1980−1984

1985−1989

1990−1994
1995−1999

2000−2004

2005−20092010−2014

HRO

URO IRO

Research orientation based on WoS publications (1980−2014)



35

40

45

50

55

5

10

15

20

25

45 50 55 60 65

HRO / %
UR

O 
/ %

IRO / %

1980−1984

1985−1989

1990−1994

1995−19992000−2004

2005−2009

2010−2014

HRO

URO IRO

Research orientation based on WoS publications (1980−2014)
 cited in patents



5

10

15

20

5

10

15

20

85 90 95 10
0

HRO / %

UR
O 

/ %

IRO / %

1980-1984
1985-1989

1990-1994

1995-1999
2000-2004

2005-2009

2010-2014

HRO

URO IRO

Research orientation of scientific publications suppporting Internet of Things (1980-2014)



30

40

50

60

70

80

10

20

30

40

50

30 40 50 60 70 80

HRO / %

UR
O 

/ %

IRO / %

1980-1984

1985-1989

1990-1994

1995-1999
2000-2004
2005-2009

2010-2014

HRO

URO IRO

Research orientation for scientific publications suppporting Biotechnology (1980-2014)



Concluding remarks

Science in general (WoS)

• URO, IRO and HRO are almost in balance

• More industrial oriented until 2000

• Became more university oriented since 2000

Science supporting technology (NPLRs)

• more ‘applied’ (IRO higher)

• Significant drop in HRO from 2000 onwards

• become more URO-oriented (discovery science)


