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About The Data

Data Source: The Higher Education 
Research Data (HERD) Survey, 
conducted by the National Center 
for Science and Engineering 
Statistics (NCSES)

The survey Includes RD 
expenditure for ten broad scientific 
fields that delve into 43 sub-
detailed research fields within 
these categories by year.

It covers 1139 Public and Private 
Higher Education institutions in the 
United States from 1973 to 2022.

Dollar amounts are in Thousands $

Accurate data, Updated regularly 
and widely accessible (Public) 



Research & Development Expenditure

Dollars Higher Education Institutes secure from federal and non-federal sources that are 
used to advance research at the institutions.

Priorities

What areas an 
institution considers 

important for 
investment and growth. 

It can indicate the 
institution's strategic 

direction and its 
commitment to 

innovation.

Capabilities

Shed light on an 
institution's research 

capabilities and 
expertise. It can show 
the institution's ability 

to conduct cutting-edge 
research and develop 

new products or 
services.

Competitiveness

An indicator of an 
institution's 

competitiveness by specific 
research fields.

Opportunities

Identify areas for growth 
and possible 

collaborations and 
institutional 
partnerships  

Economic Impact

This leads to developing new 
products or services that can 

be commercialized, 
generating revenue and 

creating jobs. Additionally, 
R&D expenditure can help 

institutions to improve their 
efficiency and productivity.
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Revealed Comparative Advantage
❖ To determine if an institution specializes in a scientific field, the scale of research it conducts in that field should have a 

high Revealed Comparative Advantage (RCA) compared to other fields within and nationwide. 

❖ Scientific Field Revealed Comparative Advantage:

: The RD Expenditure of a scientific field f from an institution i

: Total RD Expenditure of all scientific fields F from the institution i

: The RD Expenditure of a scientific field f from all institutions in the Nation N

: Total export value of all scientific fields F from all institutions in the Nation N

E fi

E Fi

E fN
E FN

E fN
E FN

E Fi

E fi

RCA if  = >= 1

[1] Balassa, B.: Trade liberalization and “revealed” comparative advantage 1. The manchester school 33(2), 99–123 (1965)



Specialization Matrix

Institution Name Scientific Field 1 Scientific Field 2 Scientific Field 3 Scientific Field ….

Institution A 1 1 0

Institution B 0 1 1

Institution C 1 0 1

Institution D 0 0 0

Institution …



Proximity Matrix

Based on the probability that Institution i spends on scientific field f1 competitively given it spends on scientific field 
f2 competitively and vise versa

(Distance between products) is calculated by 
finding the minimum pairwise ρ of the pairs of 
the conditional probability from E.q.(2). 



Proximity Matrix - Specialization Matrix

Institution Name Scientific Field 1 Scientific Field 2 Scientific Field 3 Scientific Field ….

Institution A 1 1 0

Institution B 0 1 1

Institution C 1 1 1

Institution D 0 1 0

Institution …



Proximity Matrix >>> Network
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Relatedness Density –
A Measure of Growth Potential
• The ratio between 

the sum of relatedness a field has 
with all other fields in an institution 
with RCA>=1

and 

the sum of relatedness that a field 
has with all other fields in all 
institutions with RCA>=1

Scientific 
Field 1

Scientific 
Field 3

Scientific 
Field 2

0.95

0.80

0.5



Institution 
A

Institution 
B

Institution 
C

Field 4

Field 3

Field 1

Field 2

Diversity A = 4

Diversity B = 2

Diversity C = 2

Ubiquity F1 = 1

Ubiquity F2 = 3

Ubiquity F3 = 1

Ubiquity F4 = 3

Diversity: Number of 
fields spends 
competitively on  
(RCA>=1).

A higher diversity 
indicates a more 
diversified research 
portfolio. 

Ubiquity: Number of 
institution that spends 
on the field 
competitively
 (RCA>=1).

A higher ubiquity 
indicates that the 
research is commonly 
found in many different 
institutions.

Hausmann, R., Hidalgo, C. A., Bustos, S., Coscia, M., & 

Simoes, A. (2014). The atlas of economic complexity: 

Mapping paths to prosperity. Mit Press.



Institution 
A

Institution 
B

Institution 
C

Field 4

Field 3

Field 1

Field 2

Diversity A = 4

Diversity B = 2

Diversity C = 2

Ubiquity F1 = 1

Ubiquity F2 = 3

Ubiquity F3 = 1

Ubiquity F4 = 3

Diversity: Number of 
fields spends 
competitively on  
(RCA>=1).

A higher diversity 
indicates a more 
diversified research 
portfolio. 

Ubiquity: Number of 
institution that spends 
on the field 
competitively
 (RCA>=1).

A field with higher 
ubiquity indicates that 
the research is 
commonly found in 
many different 
institutions.

Based on Diversity and Ubiquity  >>>>>>>> Field Complexity Index

• Measures the complexity of a product based on the knowledge and skills required to 
produce it and how unique is that fields among institutions. 

• Calculated by considering the following factors:
• Diversity of Institutions that spend competitively on the field.
• The ubiquity of the product (how many Institutions have it).

A higher FCI indicates that the field requires more specialized knowledge and skills to produce



Institution Complexity Index (CI)

• Measures an institution’s research complexity based on the diversity and sophistication of its research 
activity.

• Higher ECI indicates that an institution conducts a wider range of complex research, which is associated with 
higher levels of economic development.

Calculation of ECI:

• Diversity: Calculated by measuring the number of different products a country exports. (A country with a higher diversity 
of exports has a higher ECI.)

• Ubiquity: Calculated by measuring the number of countries that export a particular product. (A product that is exported by 
many countries has higher ubiquity but lower complexity)

- A country that exports products with higher ubiquity has a higher ECI.

Complexity:

• Obtaining the diversity and Ubiquity of the research fields with high revealed comparative advantage. 

• Consider the FCI of the products a country exports.

• A country that exports products with a higher FCI has a higher ECI.



Scientific Fields Network - 2022



Fields Breakdown: 2022



Fields Complexity Index: 2022

Aerospace, aeronautical and, astronautical engineering are 
the fields with the highest complexity, while health 
sciences the fields with the lowest complexity Index.

• A fields with high complexity index refer to a fields that 
needs a large amount of knowledge, capabilities, and 
advanced technology to produce. ​ ​ 

• Fields with high complexity indexes are associated with 
higher levels of economic development and income and 
are often produced by institutions with diverse 
capabilities.

• Fields with Low complexity indexes are fields that 
require specialized knowledge and expertise that 
doesn’t need to be diverse. 



University of Central Florida – 2022 – Fields with RCA>=1

Circle size = RCA Value (Larger, more specialized) 



Circle size = R&D Expenditure

University of Central Florida Peers  – 2022 – Fields with RCA>=1



Selected Institutions Complexity Index 2000 - 2022



Circle size = R&D Expenditure



UCF - Areas of Research Focus

https://www.ucf.edu/unleashing-potential/

https://www.ucf.edu/unleashing-potential/


1. Aerospace, Aeronautical, and Astronautical Engineering: Research in efficient propulsion systems, lightweight materials, and sustainable aviation 
technologies.

2. Agricultural Sciences: Sustainable agriculture practices, bioenergy production from crops, and research on the environmental impact of agricultural 
activities.

3. Bioengineering and Biomedical Engineering: Development of sustainable and energy-efficient medical technologies.

4. Chemical Engineering: Research on chemical processes for energy production, including sustainable fuel and chemical production.

5. Civil Engineering: Infrastructure development with a focus on sustainable and resilient designs, including energy-efficient buildings and transportation 
systems.

6. Electrical, Electronic, and Communications Engineering: Development of smart grids, renewable energy systems, and efficient electronic devices.

7. Environmental Science and Meteorology: Study of climate change, environmental impact assessments, and sustainable resource management.

8. Geological and Earth Sciences: Exploration of sustainable energy sources, geological sequestration of carbon, and understanding Earth's resources for 
sustainable practices.

9. Materials Science: Research on sustainable materials and technologies for energy applications.

10. Mechanical Engineering: Development of energy-efficient machinery, renewable energy technologies, and sustainable manufacturing processes.

11. Ocean Sciences and Marine Sciences: Exploration of ocean energy resources and research on the impact of climate change on marine ecosystems.

12. Physics: Fundamental research on energy-related phenomena and technologies.

13. Natural Resources and Conservation: Sustainable management of natural resources, conservation efforts, and ecosystem services related to energy.

NSF Detailed fields that are related to ENERGY AND SUSTAINABILITY:





1. Aerospace, Aeronautical, and Astronautical Engineering: Research in efficient propulsion systems, lightweight materials, and sustainable aviation 
technologies.

2. Agricultural Sciences: Sustainable agriculture practices, bioenergy production from crops, and research on the environmental impact of agricultural 
activities.

3. Bioengineering and Biomedical Engineering: Development of sustainable and energy-efficient medical technologies.

4. Chemical Engineering and Chemistry: Research on chemical processes for energy production, including sustainable fuel and chemical production.

5. Civil Engineering: Infrastructure development with a focus on sustainable and resilient designs, including energy-efficient buildings and transportation 
systems.

6. Electrical, Electronic, and Communications Engineering: Development of smart grids, renewable energy systems, and efficient electronic devices.

7. Environmental Science and Meteorology: Study of climate change, environmental impact assessments, and sustainable resource management.

8. Geological and Earth Sciences: Exploration of sustainable energy sources, geological sequestration of carbon, and understanding Earth's resources for 
sustainable practices.

9. Materials Science: Research on sustainable materials and technologies for energy applications.

10. Mechanical Engineering: Development of energy-efficient machinery, renewable energy technologies, and sustainable manufacturing processes.

11. Ocean Sciences and Marine Sciences: Exploration of ocean energy resources and research on the impact of climate change on marine ecosystems.

12. Physics: Fundamental research on energy-related phenomena and technologies.

13. Natural Resources and Conservation: Sustainable management of natural resources, conservation efforts, and ecosystem services related to energy.

NSF Detailed fields that are related to ENERGY AND SUSTAINABILITY:



Chemical Engineering
Material Science

Material Science
Chemical Engineering

Chemical Engineering
Chemical Engineering

Chemical Engineering
Chemical Engineering

Chemical Engineering
Chemical Engineering

Chemical Engineering

• UCF has advanced capabilities in physics.
• UCF has to collaborate with an institution to strengthen Material Science and chemical engineering related capabilities. 





❑ Internal Perspective: 
- Identify institution-strong Research fields. (RCA>=1)
- Identify institution level of specialization (value of RCA when RCA>=1)
- Identify institution-weak Research fields. (RCA<1)
- Identify Institutions’ fields with higher potential for growth based on relatedness to existing 

specializations (relatedness density).
- Identify Institutions’ fields with a larger economic growth impact. (Based on the Field 

complexity index).
- Benchmark Institution diversity of research specialization with other institutions (Institution 

Complexity Index).
- Benchmark Institution specialization performance in specific research fields with other 

institutions (RCA).

❑ External Perspective: (Institutional Parterships)
- Finding Institutional peers with complementing strengths in the research field weak at our 

institution. 

How Can this be Utilized:



Questions



Thank You
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