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Global Engineering Output Trends, 2000 – 2019
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(CAGR: 14.9%)

(CAGR: 4.8%)

(CAGR: 16.1%)

(CAGR: 2.8%)

(CAGR: 1.4%)



Engineering Output 2000-2019 including EU, Russia
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Engineering FWCI 2000-2019 including EU, Russia
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Distribution of Largest 100 Firms in the World by Market Cap
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Distribution of Largest 100 Firms in the World by Revenue
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Global Engineering FWCI Trends, 2000 – 2019
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US Research Output by ASJC Subject Area: 

Overall & Engineering, 2015 – 2019
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*US Overall:

• Scholarly Output: 3,460,549

• Field-Weighted Citation Impact (FWCI)*: 1.41

• Top Subject Areas by Output: 

• Medicine (19.0%)

• Engineering (8.8%)
• Biochemistry, Genetics and Molecular Biology (7.9%)

US Engineering:
• Scholarly Output: 511,902

• FWCI: 1.41

• Top Subdisciplines by Output: 

• Electrical & Electronic Engineering (23.2%)

• Mechanical Engineering (12.7%)

• General Engineering (10.8%)

*Field-Weighted Citation Impact (FWCI)

• FWCI is the ratio of a publication set’s total citations received and the total citations that would be expected based on the average of the subject field. An FWCI of:

• Exactly 1 means that the output performs just as expected for the global average.

• More than 1 means that the output is more cited than expected according to the global average. For example, 1.48 means 48% more cited than expected.

• Less than 1 means that the output is cited less than expected according to the global average.



Google’s Top Engineering Academic Collaborators: FWCI 
With Google Co-Authorship vs Average, 2015 – 2019
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Google’s Top Academic Engineering Research Collaborators
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SciVal Topics of Prominence

Using source data 1996-present

1. ~40 million source docs

2. ~35 million cited non-indexed docs

Calculated relatedness for 900 million pairs

VOS code used for clustering

Result – ~96,000 topics

11



US Topic Cluster Analysis

Overall and Engineering, 2015 – 2019 
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Filtered on 
Engineering-focused

Topic Clusters

US Overall US Engineering



US Topic Clusters in Engineering
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Top US Engineering Topic Clusters Ranked by 
Scholarly Output, 2015 – 2019
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Topic Cluster US Output (↓) US Share of Global Growth Rate FWCI

TC.0: Algorithms; Computer Vision; Models 28088 15.0% 5.4% 4.04

TC.22: Graphene; Carbon Nanotubes; Nanotubes 16371 17.2% -24.6% 2.18

TC.30: Secondary Batteries; Electric Batteries; Lithium Alloys 16293 15.8% -28.2% 3.08

TC.3: Cognitive Radio; MIMO Systems; Orthogonal Frequency Division 

Multiplexing
12367 14.2% -16.4% 2.02

TC.47: Plasmons; Metamaterials; Surface Plasmon Resonance 11991 18.0% -28.3% 1.67

TC.28: Electric Power Transmission Networks; Wind Power; Electric Power 

Distribution
11869 14.0% -20.5% 1.92

TC.48: Stroke; Gait; Rehabilitation 11270 24.3% -9.7% 1.27

TC.8: Photocatalysis; Photocatalysts; Solar Cells 10849 10.3% 0.9% 2.91

TC.84: Cryptography; Authentication; Data Privacy 9693 18.3% -3.3% 2.78

TC.163: Mesenchymal Stromal Cells; Stem Cells; Induced Pluripotent Stem Cells 9354 29.8% -5.6% 1.58



TC.0: Algorithms; Computer Vision; Models
Top Institutions by Output: Global & US
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Top 10 US Engineering Topic Clusters with ≥500 
Publications Ranked by Growth Rate, 2015-2019
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Topic Cluster US Output US Share of Global Growth Rate (↓) FWCI

TC.1108: Low-Level Laser Therapy; Lasers; Hyperhidrosis 687 19.1% 58.9% 1.39

TC.846: Data Mining; Algorithms; Association Rules 1033 14.6% 25.3% 2.4

TC.1184: Optical Design; Optical Systems; Aberrations 642 16.7% 22.7% 0.88

TC.725: Neural Networks; Forecasting; Algorithms 717 14.6% 17.3% 1.63

TC.946: Chalcogenides; Phase Change Memory; Germanium 743 17.4% 16.9% 1.28

TC.935: Weightlessness; Space Flight; Manned Space Flight 1483 39.3% 12.2% 1.16

TC.521: Agents; Multi Agent Systems; Models 976 16.3% 12.1% 1.28

TC.1128: Finite Difference Time Domain Method; Maxwell Equations; 

Numerical Methods
621 17.7% 11.7% 0.73

TC.590: Atomic Clocks; Rubidium; Frequency Standards 1620 19.9% 8.4% 1.11

TC.988: Reinforcement Learning; Robots; Artificial Intelligence 1876 30.6% 8.3% 2.34



Quantum Computing: Topic Analysis
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Quantum Computing Research Worldwide: Output & FWCI
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Quantum Computing Research Worldwide: 

Academic-Corporate Collaboration
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Academic-Corporate Collaboration—Network Map of Top 

20 Institutions in Quantum Computing
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Quantum Computing Research in Top 10% Citation 
Percentile, US vs. Non-US
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Quantum Computing: US

Quantum Computing: Worldwide

Quantum Computing: Non-US



Quantum Computing: Academic-Corporate Collaboration   
& Patent Citations per Scholarly Output, US vs. Non-US
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Quantum Computing: Worldwide

Quantum Computing: Non-US



Appendix: Topics of Prominence Methodology and 
Comparative Analysis of US Engineering Research 



History of Topic Modelling Using Abstracts/Citation 

Databases

Research Fronts (1985) 2% coverage 10,000 clusters

Research Communities 4% coverage 35,000 clusters

Distinctive Competencies 15% coverage 200,000 

clusters

Topics 95% coverage

100,000 clusters

Full coverage and accurately models supply of and demand for science



What is a “Topic”?

A topic is a collection of documents with a common intellectual interest – a 

“research problem”
Topics can be large or small, new or old, growing or declining

Topics are dynamic and can evolve

New topics can be born

Many topics are inherently multidisciplinary

Old topics may be dormant, but still exist

Researchers have mobility and can contribute to multiple topics



Identifying topics

Clustering is done using the VOS algorithm

1. Create list of citing-cited (paper-reference) pairs using all of Scopus
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Identifying topics

Clustering is done using the VOS algorithm

1. Create list of citing-cited (paper-reference) pairs using all of Scopus

2. Divide the documents into groups



SciVal topics

Using source data 1996-present

1. ~40 million source docs

2. ~35 million cited non-indexed docs

Calculated relatedness for 900 million pairs

VOS code used for clustering

Result – ~96,000 topics



Single topic characterization for 100,000 Topics



Topic prominence

Composite indicator including

1. Citation Count in year n to papers published in n and n-1

2. Scopus Views Count in year n to papers published in n and n-1

3. Average CiteScore for year n

Other features were considered, but did not improve the indicator

1. Average number of authors per article for year n

2. Vitality – inverse reference age, similar to “state-of-the-art” from Competencies

3. Patent reference counts and fraction of industry authorship

Prominence is a measure of visibility or momentum

1. Prominence ≠  Importance  (Topics can be important but not prominent)



Prominence is highly correlated with funding

Topic funding (NIH+NSF) in two time periods is very highly correlated

Prominence is highly correlated with funding in both time periods

Future funding is well predicted by past funding, but adding prominence improves 
this slightly

In a perfect world, we would have all project-level funding data

1. But it’s not a perfect world
In the absence of comprehensive funding data, prominence is an extremely 
valuable indicator because it acts as a proxy for funding

L:Fund1113 L:Fund0810 Prom2010

L:Fund1113 1.000

L:Fund0810 0.837 1.000

Prom2010 0.606 0.616 1.000



• Prominence correlates with funding 

by topic

• Perhaps even more importantly, 

funding per author increases with 

prominence

Prominence also correlates with funding per author

Klavans, R. and K.W. Boyack, Research portfolio analysis and topic prominence. Journal of 

Informetrics, 11: 1158-1174 (2017).



TC 521: Agents; Multi Agent Systems; Models
Trend Analysis
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TC 521: Agents; Multi Agent Systems; Models
Global Publication Map
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TC 521: Agents; Multi Agent Systems; Models
Top US Institutions & Corporations
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Top 10 US Academic Top 10 US Corporate



Alphabet’s Top Corporate Engineering Research Collaborators
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Alphabet-Microsoft Engineering Collaboration 
Trends, 2017 – 2019
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Top US Engineering Topic Clusters Ranked by 
Growth Rate, 2015 – 2019
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Topic Cluster US Output US Share of Global Growth Rate (↓) FWCI

TC.1289: Textiles; Fabrics; Industry 74 9.0% 176.0% 0.2

TC.1108: Low-Level Laser Therapy; Lasers; Hyperhidrosis 687 19.1% 58.9% 1.39

TC.1385: Carbides; Wear Resistance; Steel 81 3.0% 58.6% 0.75

TC.1447: Bits; Analog To Digital Conversion; Optical Data Storage 235 23.0% 32.4% 2.48

TC.1302: Holography; Photopolymers; Holograms 180 12.1% 28.2% 0.71

TC.846: Data Mining; Algorithms; Association Rules 1033 14.6% 25.3% 2.4

TC.503: Electrodeposition; Composite Coatings; Electroless Plating 451 7.5% 24.2% 0.64

TC.1425: Focused Ion Beams; Electron Beams; Field Emission 248 17.4% 23.8% 0.73

TC.1193: Electromagnetic Waves; Metamaterials; Dielectric Materials 359 16.7% 23.6% 1.2

TC.1184: Optical Design; Optical Systems; Aberrations 642 16.7% 22.7% 0.88



Trend Analysis: Quantum Computing and the 
Role of University-Industry Partnerships
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US Research Output Overview (8.8% Engineering)
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*Field-Weighted Citation Impact (FWCI)

• FWCI is the ratio of a publication set’s total citations received and the total citations that would be expected based on the average of the subject field.

• An FWCI of:

• Exactly 1 means that the output performs just as expected for the global average.

• More than 1 means that the output is more cited than expected according to the global average. For example, 1.48 means 48% more cited than expected.

• Less than 1 means that the output is cited less than expected according to the global average.

*



US Engineering Research Output Overview, 2015 – 2019

41



China Engineering Research Output Overview, 2015 – 2019 
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Germany Engineering Research Output Overview, 2015 – 2019 
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Countries Ranked by Engineering Output, 2015 – 2019 
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US Engineering Collaboration Rates
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Global Engineering Academic-Corporate Collaboration 

Rates, 2015 – 2019
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Engineering FWCI for Academic-Corporate Collaboration vs. 

Academic-Only - Collaboration, 2015 – 2019 
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Top US Institutions Ranked by Engineering Output
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US Corporations Most Active in Engineering Research
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