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1 Introduction and context of the memo 

In preparation for the Science & Engineering Indicators (SEI) report 2020, NCSES is investigating how 

it could further update its set of bibliometric indicators specifically regarding the potential to incorporate 

the specialization index into its suite of tools to better assess the scientific performance of countries, 

regions and organizations. This memo presents a brief overview of the indicator, followed by multiple 

examples highlighting the relevance of the indicator in the context of the SEI, with a special emphasis on 

its pertinence in assessing national, regional, institutional and disciplinary research patterns. 

2 Short presentation of bibliometric indicators 

This section of the report is dedicated to the presentation of the indicators used in this report. While the 

focus of the report is on the specialization index (SI), this indicator is frequently used in conjunction with 

other indicators. Therefore, the following short descriptions of these other indicators will ensure readers 

can properly understand the analyses presented in the report. Note that the SI is not described in this 

section, given that it is presented in detail in section 3. 

Number of papers 

Scientific output indicators can be computed by counting papers associated with authors or with any 

geographical location derived from the research addresses provided by the authors. Statistics are typically 

computed for researchers, institutions, cities, countries or any other geopolitical regions that can be 

derived from the researchers’ addresses. Two counting methods are generally used when assigning papers 

to an entity (e.g., researcher, institution, region, country): full counting and fractional counting. For the 

purpose of the SEI, fractional counting is used for most indicators. This method entails assigning equal 

fractions of a paper to each author on the paper so that the sum across all authors equals one for that 

paper. Full counting, which counts each publication once for each entity involved, is used for some 

indicators on collaboration. 

Average of relative citations 

The average of relative citations (ARC)i is a subfield-normalized indicator of impact. It is based on relative 

citation scores, which are the numbers of citations received by papers, normalized against the average 

across all papers from the same subfield and published in the same year. The ARC of an entity is then 

simply the average of all the relative citation scores of its publications. A score above 1.00 indicates 

stronger impact than the world average, whereas a score below 1.00 indicates the opposite. 

Growth ratio and growth index 

The growth ratio (GR) is a measure of the change in annual output of an entity. For this report, growth 

is simply the ratio of output from 2015, divided by output levels from 2012. A growth ratio above 1.00 

                                                   

i The average of relative citations is the preferred indicator of impact at Science-Metrix and was used in this report as it has been 
traditionally used when analyzing specialization. However, there have been discussions at NCSES that scores based on highly cited 
publications (HCP) would be preferred over the ARC for the upcoming SEI. Because of the high correlation between both 
indicators, readers should consider that both concepts are interchangeable in this report—that is, any analysis including the ARC 
could be prepared using scores based on highly cited publications instead. 
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indicates growing levels of output. When normalized against the growth ratio observed at the world level, 

the growth index (GI) is obtained. A GI above 1.00 indicates growing levels of output compared to the 

trend at the world level. 

3 Introduction to the specialization index 

This section of the report will briefly define the SI and illustrate how its construction provides an added 

value compared to more traditional indicators of output such as numbers and shares of papers. 

 Definition of the specialization index 

Although SIs have not been used in the past in the context of the SEI to present research patterns in 

scientific activity, they are already present in the SEI. Indeed, they were used in the SEI 2018 to display 

the focus in patenting activity of selected countries and regions (Appendix Table 8-25).ii Currently, the 

SEI assesses the level of scientific output of countries, states and organizations mostly based on two 

indicators: the number of papers and the share of world papers. Although both metrics are quite helpful 

to illustrate the importance of the contribution of each region to the scientific knowledge generated 

worldwide, these indicators are far less telling if one wants to assess the relative importance of each 

discipline within each region. For instance, the United States was involved in 35% of all 2015 publications 

in the subfield of Computed Hardware & Architecture, co-authoring 2,019 papers for that year. These 

findings are in themselves interesting, enabling us to make the assessment that the United States is a key 

actor in this area of research, coming in 1st at the world level, well ahead of China, which ranks 2nd with 

800 papers (14%). However, armed with only these data, it is rather difficult to make a more in-depth 

assessment of how solid that performance is for the United States compared to its performances in other 

disciplines. For instance, is that performance much stronger than the U.S. performance in Criminology, 

where it published 2,239 papers? Looking at the U.S. share in this subfield, which stands at 51%, it 

becomes evident that it is not, at least in terms of scientific activity. Nevertheless, it is still difficult to 

quickly assess by which margin the performance is stronger, as the reader then needs to compare both 

shares to come up with a definitive conclusion. 

Furthermore, the previous example only considered two distinct subfields, and complexity quickly 

increases when multiple subfields are to be compared. This is where SIs come in handy in the analysis. 

The indicator normalizes a country’s share of the world output in a subfield with this country’s share of 

the world output in science overall, providing a normalized indicator highlighting whether a country is 

publishing more or less than expected in a given subfield relative to its share of all scientific output at the 

world level. To expand on the present case then, the United States was involved in 23% of all papers 

published at the world level in 2015. Consequently, its SIs stood at 1.50 (i.e., 35%/23%) in Computed 

Hardware & Architecture and 2.16 (i.e., 51%/23%) in Criminology. Equipped with this new indicator, it 

is now much easier to make an assessment regarding the focus of U.S. research in both areas. Indeed, it 

can now be said that the country is highly specialized in both areas, having respectively 50% (i.e., SI of 

1.50, or 50% above the expected level of 1.00) and 116% (i.e., SI of 2.16, or 116% above the expected 

                                                   

ii https://www.nsf.gov/statistics/2018/nsb20181/assets/1178/tables/at08-25.pdf 
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level of 1.00) more publications than expected in these subfields given the United States’ scientific output 

in science. Furthermore, it also becomes much easier to extend these comparisons to include other 

countries, since the normalization makes it possible to account for the size of the field at both the world 

level and for each national level. 

Because of the way the indicator is constructed, a country cannot be specialized in all areas of research, 

which reflects one of the realities of research: resources are limited, and investments and focus in some 

areas will necessarily result in less focus in other areas. Therefore, the SI is a zero-sum-game indicator, 

with specialization in some areas necessarily resulting in a lack of specialization elsewhere. 

 Methodological consideration for the specialization index: full or 

fractional counting? 

The SI being based on counts of publications, it can thus be computed using either full or fractional 

counting. Traditionally, Science-Metrix had privileged a full counting approach for this indicator to ease 

understanding, because dealing with full counts of papers is much more intuitive for most readers. 

However, after years of dealing with the indicator in projects covering a wide range of disciplines, one 

interesting issue started to become evident: almost all countries were specialized in a few disciplines where 

international co-authorship was extremely high. This finding is not impossible—that is, it is theoretically 

possible for a vast majority of countries to be specialized in a given topic—although this is highly 

improbable. The problem is that when using full counting, highly collaborative papers, which are fully 

counted for each party involved, end up inflating the level of output of all countries in these areas, while 

the number of papers at the world level, which is used to normalize the indicator, remains the same 

regardless of the number of countries involved. This is the phenomenon that propels the specialization 

indicator of all countries in these highly collaborative disciplines. Fortunately, these extreme behaviors 

are limited to only a handful of topics demanding large-scale infrastructures, such as Astronomy & 

Astrophysics, where thousands of researchers are involved. 

Using fractional counts solves this issue, but at the price of making it more difficult for countries to be 

specialized in these highly collaborative disciplines. Indeed, when fractional counting is used, countries 

receive only small shares of each paper they are involved on in these disciplines, making it more difficult 

to score highly on the scale of specialization. In the end, there is no easy way to perfectly correct for these 

large-scale effects, but given that only a handful of subfields are notably affected by this behavior, one 

solution is for the analyst to be cautious during reporting for these few categories to avoid misdirecting 

readers. For instance, the analyst may decide to set higher or lower levels of specialization for these 

categories before concluding strongly on these few cases. Furthermore, in the context of the SEI, Science-

Metrix does not expect that any special treatment would be needed unless data at the subfield level of 

NCSES’s taxonomy of disciplines (TOD) are presented, given the level of aggregation usually presented 

in the report. 

 Scientific performance dashboards 

Used on its own, the SI is already quite valuable, but it provides a strong enrichment for analytical 

purposes when used in combination with other metrics. Science-Metrix usually combines multiple 



Memo on Specialization 

SRI (TO15): SEI 2020 preparation tasks 

November 2018 
 4 

© Science-Metrix Inc. 

 

indicators in “dashboards,” which enable the visualization of multiple relevant indicators across many 

categories of indicators to guide readers during reporting. An example of a simplified dashboard is 

presented in Table 1. This dashboard presents the scientific performance of the United States in its 40 

subfields presenting the highest level of output in 2015. One can see straight away that all indicators, 

except for the number of papers, are similar in format and display. This is because they are all normalized 

indicators, centralized around an expected value of 1.00. This is a crucial aspect of these dashboards; they 

must be easy to analyze if one wants to facilitate understanding for non-initiated readers. Performance 

indicators are colored according to a two-color scheme with gradients, ranging from dark red for scores 

well below the world level, to dark green for scores well above the world level, with performance on par 

with the world level displayed in white. 

This table is sorted according to the number of publications to make it easy to quickly identify the largest 

subfields in the selection. However, without the SI, highly valuable findings could be lost to the reader, 

and even to the analyst during reporting. For instance, of the five largest subfields in the list, the United 

States only specializes in two (i.e., Neurology & Neurosurgery, and Oncology & Carcinogenesis), 

publishing much less than expected in the three other subfields (i.e., Artificial Intelligence & Image 

Processing, Energy, and Networking & Telecommunications). Additionally, looking at the SI removes 

the focus from larger topics, providing a fairer shot for smaller topics that could present outstanding 

performances in terms of specialization, but lack in terms of output compared to the behemoths 

dominating the ranking. For instance, the United States presents the highest specializationiii in the subfield 

of Family Studies, with a score of 2.91. In the context of a large-scale study, this finding could be missed 

if analysts only rely on numbers of papers and shares, but with the SI it becomes fairly easy to report on 

this finding. Therefore, the SI brings a new way to identify focus in research. When combined with other 

indicators such as impact and growth metrics, the SI makes it possible to identify areas of strength, 

regardless of the size of the topic in question. In the case of Table 1, readers can quickly identify these 

areas of strength by looking at cases where all indicators are colored in green, indicating performances 

above expectation across all indicators. A few subfields stand out when performing this inspection: 

Education, Public Health, Astronomy & Astrophysics, Orthopedics, and Surgery. These subfields are all 

areas of specialization for the United States, presenting strong scientific impact and exhibiting strong 

growth. 

                                                   

iii After accounting for the fact that not all 176 subfields are presented in the table for readability purposes. 
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Table 1 Scientific performance of the United States in its 40 largest subfields 

according to scientific output (2015) 

 

Note:  Color coding indicates scores below (red), on par with (white) or above (green) the world level, the 

intensity of the gradient reflecting departure from the world level. 

Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

Subfield Papers SI ARC GI

Total 564,654 1.00 1.41 0.93

Neurology & Neurosurgery 17,691 1.44 1.39 0.94

Oncology & Carcinogenesis 16,027 1.09 1.63 0.81

Artificial Intelligence & Image Processing 13,960 0.54 2.21 1.02

Energy 13,644 0.67 1.50 0.75

Networking & Telecommunications 11,993 0.70 1.73 0.94

Developmental Biology 11,715 2.12 1.25 0.98

Education 11,158 1.44 1.23 1.07

Cardiovascular System & Hematology 10,618 1.32 1.51 1.00

Applied Physics 10,517 0.71 1.42 0.81

Public Health 8,168 1.84 1.23 1.05

Microbiology 7,997 1.10 1.45 0.99

General & Internal Medicine 7,777 0.75 3.33 1.11

Biochemistry & Molecular Biology 7,681 1.26 1.23 0.78

Immunology 7,550 1.52 1.43 0.91

Nuclear Medicine & Medical Imaging 7,419 1.45 1.29 0.96

Meteorology & Atmospheric Sciences 7,340 1.69 1.26 0.93

Nanoscience & Nanotechnology 7,279 0.93 1.34 0.91

Nuclear & Particle Physics 7,058 0.96 1.63 0.77

Organic Chemistry 6,403 0.61 1.19 0.85

Optoelectronics & Photonics 6,241 0.91 2.46 0.77

Materials 6,170 0.44 1.80 1.20

Astronomy & Astrophysics 6,130 1.94 1.36 1.07

Nursing 6,126 1.90 0.96 0.92

Orthopedics 6,077 1.59 1.21 1.08

Psychiatry 5,956 1.45 1.40 0.98

Industrial Engineering & Automation 5,885 0.56 1.65 0.96

Surgery 5,694 1.31 1.43 1.09

Ecology 5,673 1.37 1.29 0.98

Pharmacology & Pharmacy 5,632 0.67 1.79 0.92

Aerospace & Aeronautics 5,574 1.62 1.37 0.84

Chemical Physics 5,522 0.83 1.24 0.85

General Mathematics 5,170 0.76 1.26 0.82

Geochemistry & Geophysics 4,861 1.02 1.48 0.87

Experimental Psychology 4,856 1.65 1.22 0.91

Endocrinology & Metabolism 4,805 1.31 1.42 0.94

Economics 4,669 1.09 1.68 0.82

Fluids & Plasmas 4,514 1.03 1.31 0.97

Electrical & Electronic Engineering 4,498 0.53 1.76 1.10

Mechanical Engineering & Transports 4,402 0.52 1.73 1.13
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Dashboards are quite helpful to present statistics in a way that can be easily digested without 

overwhelming readers. However, it can still be tricky to analyze these tables given the multiple indicators 

included. To improve on these, Science-Metrix developed visuals called “positional analysis” graphs. 

These graphs use a combination of up to four indicators and display them in a four-quadrant graph, two 

indicators acting as horizontal and vertical coordinates,iv a third indicator acting as the size of the bubbles 

and a fourth acting as the color scheme of the bubbles. In most of Science-Metrix’ graphs, the SI is 

presented on the horizontal axis, the ARC (or HCP score) is used as the vertical coordinate and the 

number of papers acts as the size of the bubbles. Science-Metrix often opts to present the growth index 

as the fourth indicator, illustrating growing areas of research by using a gradient of color applied to the 

bubbles. In the case of our current example at Figure 1, which presents the scientific performance of the 

United States in subfields of Natural Sciences, the growth index was used for our color scheme, ranging 

from yellow for lower growth to dark red for higher growth. 

 

Figure 1 Positional analysis of the United States in the subfields of Natural 

Sciences (2015) 
Note:  Color coding is based on the growth index, ranging from yellow (low growth) to dark red (high growth). 

Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

                                                   

iv Indicators on the horizontal and vertical axes are log-normalized to improve readability as most data points would be located in 
the center of the graph otherwise. 
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The major benefit gained with using positional analysis graphs is how easy it becomes to quickly identify 

areas of strength in the data. Indeed, in these graphs, each quadrant is a region of performance with its 

own meaning: 

▪ Top-right quadrant: best-case scenario, specialized and high impact 

▪ Top-left quadrant: good scenario, not specialized, but high impact 

▪ Bottom-left quadrant: not specialized and low impact 

▪ Bottom-right quadrant: potentially the worst-case scenario, specialized, but low impact 

In addition, with the size of the bubbles, we can further assess the importance of the subfields in terms 

of output, and the coloring helps in retrieving quickly growing topics. In the case of Figure 1, a first 

statement that can be made is that the United States performs strongly in terms of impact in most 

subfields, presenting ARC scores above the world level across all subfields of the Natural Sciences. As a 

second statement, it can be observed that the United States specializes in about eight subfields of Natural 

Sciences (with three other presenting SIs slightly above 1.00). These eight subfields (i.e., Astronomy & 

Astrophysics, Meteorology & Atmospheric Sciences, Statistics & Probability, Evolutionary Biology, 

Ecology, Oceanography, and Entomology) fall in the top-right quadrant—the best-case scenario—and 

can thus be identified as areas of strong focus and impact for the United States. 

 Geographical specialization with discipline focus 

The previous section focused on the perspective of the performance of a single country across multiple 

areas of research. However, it is also possible to use the SI for cross-country (or cross-region) analyses. 

In this context, the SI again acts as a normalized indicator to supplement other output indicators—more 

specifically, the number of papers—to provide a fairer point of comparison for all countries. Table 2 

presents the use of the SI within the context of a cross-country comparison in the subfield of Forestry. 

The first finding that quickly emerges from Table 2 is that the United States and China are the leaders in 

terms of scientific output in this subfield, with similar numbers of publications (about 1,140 and 1,030, 

respectively), followed by Brazil (670), Canada (400) and Germany (300). Now these findings, while 

relevant, are not especially informative, at least in the case of the United States and China as these two 

countries tend to monopolize the top two positions in almost all areas of research. This is where the SI 

comes in handy; as can be observed, both the United States and China score below the world level for 

this indicator (respectively 0.75 and 0.78). What this means is that although both countries have a 

significant share of the world output, they do not specialize in this area of research, publishing less than 

expected given the size of the subfield and their own level of scientific activity. Again, it is important to 

note that this is not necessarily negative, because a country cannot be specialized in all areas of science.v 

                                                   

v However, it could trigger alarm if special policies were put in place and investments were made to foster research in these areas, 
but specialization remained low. 
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Table 2 Scientific performance of the 25 most publishing countries in Forestry 

research (2015) 

 

Note:  Color coding indicates scores below (red), on par with (white) or above (green) the world level, the 

intensity of the gradient reflecting departure from the world level. 

Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

Using the SI to rank countries in terms of specialization results in a much different portrait than the one 

presented above. Indeed, among the 25 most publishing countries in this subfield, Latvia ranks 1st with 

an SI of 16.41 (i.e., more than 16 times more publications than expected in this subfield), followed by 

Slovakia (8.38), Croatia (4.71), Finland (4.32), the Czech Republic (4.24) and Brazil (3.80). Immediately, 

an analyst looking at these findings can identify that there seems to be a region of strong specialization in 

Forestry research in Eastern Europe, which is quite useful when trying to understand geographic clusters. 

Now, it is of course important to consider levels of output when analyzing the SI, because in some cases 

high specialization is not linked to notable levels of output (e.g., Latvia and Croatia, while highly 

specialized, only published about 80 publications each in this subfield). This is why analyses undertaken 

with the SI are frequently limited to a selection of the largest countries in terms of output to avoid 

Country Papers SI ARC GI

World 6,456 1.00 1.00 1.00

United States 1,136 0.75 1.49 0.87

China 1,029 0.78 0.66 1.36

Brazil 665 3.80 0.58 0.99

Canada 397 1.62 1.53 0.73

Germany 304 0.73 1.77 1.12

Czech Republic 262 4.24 1.12 1.76

Rep. of Korea 248 1.19 0.47 1.19

Spain 238 1.10 1.68 1.17

France 218 0.74 1.87 0.76

Sweden 216 2.23 1.46 0.81

Japan 216 0.69 0.97 0.96

Finland 211 4.32 1.63 0.62

Australia 207 0.94 1.75 0.89

Italy 184 0.70 2.48 1.54

Poland 176 1.61 0.93 2.04

Slovakia 163 8.38 0.99 1.48

United Kingdom 148 0.34 1.79 1.47

Switzerland 146 1.35 1.79 0.95

Mexico 133 2.53 0.70 1.97

India 123 0.36 0.66 0.57

Austria 92 1.53 2.02 1.11

Latvia 86 16.41 1.35 1.34

Iran 82 0.71 0.89 1.47

Croatia 79 4.71 0.65 0.96

Turkey 73 0.69 0.91 2.14
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reporting on highly specialized countries with small levels of output.vi The most salient findings emerge 

when strong specialization is coupled with notable levels of output, as is the case for Brazil, which ranked 

3rd in output (670 publications) and 6th in specialization (3.80), with close to four times the expected 

level of output in this subfield. This indicates not only that the country is strongly specialized in this 

subfield, but that this specialization is supported by a sizable level of output. 

Going a step further and incorporating other metrics such as the ARC and the GI makes it possible to 

complete the analysis to provide a description encompassing multiple facets related to scientific 

performance. To do so, positional analysis graphs can again be prepared to combine all these indicators 

into a single image, but this time focusing on a single discipline for all selected countries. Figure 2 presents 

the data from Table 2, summarizing all the indicators to obtain a highly informative portrait of the 

performances of countries in Forestry research.  

 

Figure 2 Positional analysis of the 25 most publishing countries in Forestry 

research (2015) 
Note:  Color coding is based on the growth index, ranging from yellow (low growth) to dark red (high growth). 

Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

As described above, strong specialization is observed for a set of Eastern European countries, with some 

of these also presenting strong scientific impact (e.g., Latvia, Czech Republic). However, the top 

performing countries (i.e., those located in the top-right quadrant) appear to be mostly from Scandinavia 

                                                   

vi This is not limited to the SI though; most analyses are limited to selections of countries with large enough levels of output, to 
ensure that analyses provided are relevant in the global context of research. 
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(i.e., Finland, Sweden) and Western Europe (i.e., Austria, Switzerland, Spain), with Canada also standing 

out. Located in the top-left quadrant, the United States, although not specialized in Forestry research, is 

well positioned, presenting the largest level of output and strong impact (albeit less than almost a dozen 

other countries). It is joined by Australia and a group of Western European countries, such as the UK, 

Italy, France and Germany, which are also not specialized in this area but perform well in terms of impact. 

Finally, China and Brazil, two leaders in terms of output, are both located at the bottom of the graph, 

indicating that their papers are less cited on average than the average papers at the world level, the only 

difference being that China is not specialized in this subfield but Brazil is. 

The positional analysis graphs have the advantage of synthetizing the information into attractive and easy-

to-read visuals; however, they cannot be used to compare all countries because the figure can quickly 

become overcrowded. In these cases, it is possible to switch to maps to illustrate the performance of 

countries. This not only presents the benefit of enabling the inclusion of all countries in the figure, but it 

also makes it easier to identify geographical clusters of specialization. For instance, as detected in the 

previous table and figure, there appeared to be a cluster of specialization in Forestry research located in 

Eastern Europe. Let’s now look at a map of the world presenting the SI as its main indicator (Figure 3). 

 

Figure 3 World map of the specialization of countries in Forestry research (2015) 
Note:  Countries that did not publish in Forestry research appear in grey. 

Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

As can be observed, clusters of specialization can quickly be detected using maps, a task that is not as 

easy with only tables and positional analysis graphs. In the case of Forestry research, the clusters that were 

already identified (i.e., those for Scandinavia and Eastern Europe) are clearly visible, surrounded by 

regions that are not specialized. Furthermore, now that data for all countries can be displayed, other 

regional clusters are easily detectable, including most of the South American and Central African 

countries. 
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 Specialization patterns for an assessment of the location of national 

research hubs 

The assessments provided in the previous sections of the report were focused on national performances. 

However, one area where the SI could prove to be a powerful asset for the SEI is in helping to understand 

the main regions driving the U.S. performances in areas of science. For instance, previous findings 

indicate that the United States is not specialized in Forestry research. One might wonder if that is the 

case across the whole country, or if instead there are U.S. regions where Forestry research is a major area 

of focus. The use of the SI at the regional level can provide answers to such questions in a way that simply 

looking at the number of papers could not, because large states such as California, New York and Texas 

would otherwise stand out above all the other states in most areas. The following sections present analyses 

at more granular levels of aggregation within the United States to illustrate the potential use of the SI in 

the context of the SEI. 

3.5.1 Specialization of U.S. states 

The SEI currently provides bibliometric data at the U.S. state level, but this is limited to a few indicators. 

It is Science-Metrix’ assessment that providing specialization analyses at the level of U.S. states would be 

quite helpful in providing a more in-depth understanding of the strengths of the United States by making 

it possible to pinpoint regions of specialization and strong scientific performance within the country.  

For instance, in section 3.4 of this report, it was established that the United States, although leading in 

output in Forestry research amongst all countries, was not specialized in this discipline. By looking at the 

U.S. states’ performances presented in Table 3, readers can easily determine that not all states exhibit 

similar specialization patterns: some states score on par with the country as a whole and are thus not 

specialized in this subfield (e.g., Florida, Michigan, Virginia, Minnesota and Indiana), some are heavily 

specialized in Forestry research (e.g., Maine, Idaho, Montana, Oregon) and others are heavily under-

specialized (e.g., California, New York, Texas, Massachusetts, Pennsylvania). Again, even with most of 

the larger states being heavily under-specialized, many of them still rank close to the top according to 

research output (e.g., California in 3rd, New York in 8th), which confirms the need for another metric 

such as the SI to complement output indicators if more telling findings are to be presented. 
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Table 3 Scientific performance of top U.S. states in Forestry research (2015) 

 

Note:  Color coding indicates scores below (red), on par with (white) or above (green) the world level, the 

intensity of the gradient reflecting departure from the world level. 

Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

In terms of the other indicators, this analysis confirms that scientific impact across all states is generally 

quite strong, Idaho leads the pack with an ARC of 2.50, followed by Utah (2.11) and Virginia (2.09). In 

terms of growth, only a few states (8 among the selection) experienced increases in their level of output, 

Tennessee leading the way with a GI of 1.36. 

Coming back to positional analysis graphs, plotting the performance of U.S. states to Figure 4 makes it 

possible to easily identify the cases highlighted above. Readers can quickly conclude that scientific impact 

is generally strong across states given these all fall above the world level, except Mississippi. Specialized 

and under-specialized states can be pinpointed by looking at the right and left quadrants, respectively.  

U.S. state Papers SI ARC GI

United States 1,136 0.75 1.49 0.87

Oregon 119 4.86 1.71 0.82

North Carolina 100 1.41 1.52 0.94

California 98 0.39 2.03 0.84

Washington 83 1.61 1.57 0.77

Georgia 81 1.49 1.65 1.07

Colorado 61 1.33 1.80 1.12

Florida 56 0.83 1.31 0.96

New York 55 0.35 1.62 0.82

Michigan 54 0.84 2.02 0.84

Wisconsin 50 1.31 1.07 0.81

Arizona 48 1.45 1.70 1.06

Tennessee 48 1.24 1.69 1.36

Idaho 40 6.61 2.50 0.71

Alabama 40 1.78 1.15 0.99

Virginia 39 0.78 2.09 0.61

Texas 38 0.31 1.66 1.21

Montana 36 6.57 1.44 0.49

Mississippi 35 3.61 0.93 0.57

Minnesota 34 0.81 1.88 0.52

Maine 33 7.21 1.65 1.02

Utah 33 1.61 2.11 1.02

Massachusetts 32 0.23 1.75 1.02

Indiana 31 0.74 1.75 0.83

Pennsylvania 30 0.28 1.62 0.65#N/A
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Figure 4 Positional analysis of the top U.S. states in Forestry research (2015) 
Note:  Color coding is based on the growth index, ranging from yellow (low growth) to dark red (high growth). 

Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

Finally, mapping specialization to a U.S. map makes it possible to visualize these patterns of specialization 

at the regional scale, which may provide a path to better understanding what is driving these patterns. For 

instance, Figure 5 presents the SI of U.S. states, while Figure 6 displays a map of national forests and 

grasslands in the United States. Although the overlap is not perfect, the patterns observed at Figure 5 can 

frequently be observed in Figure 6. Indeed, areas of strong specialization in the Northeast and Northwest 

can be superposed with vast green areas of national forests in both regions. Similarly, specialization in the 

Southwestern and Mountain states of Nevada, Arizona, New Mexico and Colorado is also aligned with 

vast forests covering these regions, as is also the case for states in the Southeast. 
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Figure 5 U.S. map of the specialization of U.S. states in Forestry research (2015) 
Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

Finally, regions exhibiting a lack of specialization, which includes most central states, are frequently those 

that lack forest coverage. One notable exception to this rule is California, which has its fair share of forest 

coverage but is not specialized in Forestry research. In this case, this can most probably be explained by 

the likelihood that California’s portfolio of scientific publications is dominated by other research 

subfields, for instance Information & Communication Technologies (ICT) in Silicon Valley. 

Nevertheless, given that the state ranks 3rd in terms of output, it still publishes an important share of all 

U.S. research in this subfield. 

 

Figure 6 Map of the national forests and grasslands of the United States 
Source: U.S. Forest Service 
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The example presented above illustrates the benefit of analyzing regional patterns of specialization as 

opposed to only looking at country-level analyses, if one wants to highlight the driving forces in research 

within a country. Armed with data on the specialization of U.S. states, it becomes much easier for analysts 

and policymakers to make informed decisions. 

3.5.2 U.S. counties 

The previous section of this report focused on U.S. state analysis as a way to better understand what is 

driving the performance of the United States in terms of specialization. However, in some cases, U.S. 

states might still be too large to explain patterns observed for the country as a whole. As an example, 

Silicon Valley was raised as a likely contender for driving the specialization patterns of California. 

Research is usually structured around clusters, with small poles driving most of the research for a whole 

region. 

To illustrate how county analysis could be valuable within the context of the SEI, maps of the scientific 

output and specialization of continental U.S. counties in the field of Information & Communication 

Technologies were prepared (Figure 7 and Figure 8). First, it is quite interesting to see that most of the 

counties do not have any data displayed in the maps. This is because a minimum threshold of 10 papers 

in ICT was imposed to avoid cluttering the maps with irrelevant data. Except for a few counties here and 

there in Texas, Florida and a few other states, most of the counties with notable levels of output in ICT 

are located on the East and West Coasts. 

 

Figure 7 Continental U.S. map of the scientific output of U.S. counties in ICT 

research (2015) 
Note Only counties with at least 10 papers in ICT research are displayed. Data are incomplete as coding by 

U.S. county was only performed using zip code information. 

Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

The dashboard presented at Table 4 contains the data used to prepare the two maps, which makes it 

easier to pinpoint exactly which counties are involved. As hypothesized earlier in the report, Silicon Valley 

is well positioned in this research topic, with the county of Santa Clara ranking 1st in output, on par with 
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Los Angeles (both with about 1,150 papers), followed by Middlesex in Massachusetts, Fulton in Georgia 

and Allegheny in Pennsylvania. 

Table 4 Scientific performance of top U.S. counties in ICT research (2015) 

 

Note:  Color coding indicates scores below (red), on par with (white) or above (green) the world level, the 

intensity of the gradient reflecting departure from the world level. Data are incomplete as coding by U.S. 

county was only performed using zip code information. 

Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

U.S. state U.S. county Papers SI ARC

California Los Angeles 1,157 0.94 2.81

California Santa Clara 1,150 1.40 2.64

Massachusetts Middlesex 927 0.97 2.90

Georgia Fulton 663 1.80 2.43

Pennsylvania Allegheny 653 1.29 1.92

Illinois Cook 536 0.59 2.73

California San Diego 533 0.76 2.42

Wisconsin King 487 0.82 2.15

Illinois Champaign 464 1.30 3.08

California Alameda 462 0.65 3.91

Maryland Prince George's 452 0.92 2.00

New York Westchester 448 3.06 1.72

New Jersey Middlesex 432 1.29 1.65

Texas Travis 401 1.26 2.93

New York New York 350 0.37 2.44

New Jersey Mercer 342 1.18 2.79

Indiana Tippecanoe 337 1.29 2.07

New Jersey Union 330 1.47 2.70

Pennsylvania Centre 323 0.99 1.49

Michigan Washtenaw 316 0.61 1.69

Minnesota Hennepin 314 0.93 3.98

Pennsylvania Philadelphia 305 0.50 1.93

Massachusetts Suffolk 303 0.31 1.43

Texas Dallas 303 1.20 1.83

Arizona Maricopa 297 1.11 2.43

California Orange 267 1.01 2.06

Ohio Franklin 267 0.83 2.16

New York Putnam 252 3.34 1.75

Virginia Fairfax 241 1.69 2.54

Texas Brazos 239 0.85 1.27

Texas Harris 232 0.38 1.27

New York Tompkins 226 0.81 3.00

Florida Alachua 222 0.63 2.26

District of Columbia District of Columbia 205 0.43 0.83

New Jersey Somerset 202 1.36 1.57

California Santa Barbara 196 0.97 1.68

Virginia Montgomery 193 1.08 1.48

Massachusetts Hampshire 192 1.46 1.54

Maryland Montgomery 191 0.27 2.08

Iowa Story 175 0.88 1.21
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In terms of specialization, two counties in New York, Putnam and Westchester, lead the way with SI 

scores of 3.34 and 3.06, respectively. They are distantly followed by a group of about a dozen counties 

with scores ranging from 1.20 to 2.00, which includes Santa Clara. The county of Los Angeles, on the 

other hand, is not specialized in this particular area, even though it comes 1st in output. One possible 

explanation for this finding are the many affiliated hospitals in the Los Angeles region, which probably 

result in a focus on medical sciences instead. 

 

Figure 8 Continental U.S. map of the specialization of U.S. counties in ICT 

research (2015) 
Note Only counties with at least 10 papers in ICT research are displayed. Data are incomplete as coding by 

U.S. county was only performed using zip code information. 

Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

While the analyses presented above are quite simple, they can become quite pertinent if more in-depth 

questions at the regional level need to be addressed. Science-Metrix is confident that having data in hand 

at county level could prove quite useful during the preparation of thematic reports, for instance. 

3.5.3 U.S. metropolitan statistical areas 

To provide a more refined assessment of the location of clusters of specialization in the United States, 

data per metropolitan statistical area (MSA) could be prepared instead of counties to avoid splitting 

research from a city and its suburbs across multiples counties. This exercise would result in data similar 

to those presented for counties in section 3.5.2, but with a bit of reaggregation for the largest metropolitan 

regions. These data could come in handy in conjunction with data from other sources based on this level 

of aggregation, to highlight the major metropolises behind observed phenomena. 

3.5.4 U.S. institutions 

As a final step in our process to provide data at more disaggregated levels, institutions are the last level 

Science-Metrix estimates would be of relevance in the context of the SEI. Institutions act as hosts of 

most research being led around the world and in the United States, so understanding where specialization 

lies at the institutional level is a natural next step. One could also argue that institutional data would 
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probably receive much attention given that readers can relate to these data much more than to data at the 

more aggregated levels. 

To illustrate the relevance of specialization data at the institutional level, Table 5 presents the performance 

of the top publishing U.S. institutions in Information & Communication Technology research. Carnegie 

Mellon University in Pittsburgh ranks 1st according to scientific output, with about 1,200 papers in this 

field, followed by MIT (1,000), Georgia Tech (900), the U.S. Department of Energy (870) and the 

University of Illinois at Urbana-Champaign (780). However, even though all the listed institutions 

published at least 400 papers in this field in 2015, only a handful of these are specialized in this field of 

research. Of the list, only Carnegie Mellon (SI = 3.60), Georgia Tech (1.80), the University of Illinois at 

Urbana-Champaign (1.25), Microsoft (7.11), IBM (4.60), the University of Southern California (1.15), 

Arizona State University (1.22), Google (6.60) and, to a lesser extent, Virginia Tech (1.10) exhibit 

specialization in ICT. This is again a reminder that large levels of output are not always fully representative 

of what is going on, because many institutions, simply due to the sheer size of their research output, have 

large contributions in many topics in which they do not dedicate a lot of effort.vii 

Specialization data at the level of institutions are quite helpful to better understand the research focus of 

U.S. institutions. They could, for instance, be used by a researcher trying to locate new partners across 

the country, enabling the researcher to target specific institutions that exhibit strong specialization 

combined with high impact, and to initiate contact with a selection of researchers from these institutions. 

For instance, a researcher from Carnegie Mellon involved in ICT might investigate collaborating with 

researchers from Georgia Tech and MIT because both institutions are specialized in this field (especially 

Georgia Tech) and present strong scientific impact. This researcher could also investigate whether 

intersectoral collaborations with Microsoft, IBM and Google would be possible given their high level of 

specialization in this field. Of course, in this case, these three targets from the private sector are quite 

evident, but in many other disciplines, identifying relevant private partners would not be as trivial, and 

having specialization data for all institutions in the United States could prove to be highly beneficial. 

Finally, data at the institutional level could also be consulted to explain what is driving the performance 

of the United States overall and, most importantly, the performance of U.S. states. For example, in 

specific cases the performance of a U.S. state, particularly a smaller state, might be singlehandedly driven 

up by a single institution. In such a case, having institutional data in hand makes it possible to avoid 

making a broad generalization about performance, putting into context the observed findings. 

                                                   

vii One example of this presented itself in a study performed by Science-Metrix for a group of Canadian faculties of agriculture and 
veterinary medicine a few years ago. In this study, the University of Toronto ranked close to the top in terms of output, even though 
it had neither a faculty of agriculture nor one of veterinary medicine. This finding troubled the client at first, but here the sheer size 
of total output from the university was enough to bring it close to the top in this research field even though it was under-specialized 
in that area.  
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Table 5 Scientific performance of top U.S. institutions in ICT research (2015) 

 

Note:  Color coding indicates scores below (red), on par with (white) or above (green) the world level, the 

intensity of the gradient reflecting departure from the world level. 

Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

 Specialization index for temporal analysis of evolving research focus 

Up until this point in this report, only analyses for fixed periods have been presented. However, given 

the evolving nature of research activity, it is expected that specialization patterns may be changing over 

time as new policies are put in place, new investments are being made to shift research focus, and new 

disruptive discoveries create new clusters where research in a specific subfield may bloom (e.g., Silicon 

Valley). All the previously presented tools to display specialization data (i.e., dashboards, positional 

analysis graphs, maps) can be used to study changes in specialization. Indeed, dashboards can present 

data for multiple periods (and data can be presented on a trendline to visualize yearly changes), illustrating 

increases and decreases in specialization. Multiple sets of the same map can be prepared and compared 

to analyze specialization for different periods, or differences between periods can be mapped directly, 

with the coloring on the map illustrating the changes for each country/region, those with the largest 

variations catching the eye of the reader. 

However, none of these tools are as effective as the positional graph to track changes in specialization 

while also making it possible to track changes for other metrics at the same time. Because it is easy to 

U.S. institution Papers SI ARC

Carnegie Mellon University 1,222 3.60 2.11

MIT - Massachusetts Institute of Technology 1,021 1.12 3.49

Georgia Tech - Georgia Institute of Technology 903 1.80 1.53

DOE - US Department of Energy 866 0.48 1.23

University of Illinois at Urbana-Champaign 784 1.25 1.51

Microsoft Corp. 759 7.11 2.15

IBM Corp. 724 4.60 1.53

University of Southern California 694 1.15 2.29

University of California, Berkeley 678 0.71 1.62

Stanford University 639 0.56 4.28

University of Texas at Austin 621 1.02 2.69

University of Michigan 581 0.51 4.11

University of California, Los Angeles 577 0.61 1.77

Penn State - Pennsylvania State University 536 0.75 1.55

Arizona State University 526 1.22 1.68

University of Washington 494 0.49 1.80

University of California, San Diego 493 0.61 1.69

Columbia University 470 0.50 1.93

Google Inc. 450 6.60 1.45

Harvard University 447 0.19 1.48

Virginia Tech - Virginia Polytechnic Institute and State University 433 1.10 1.89

Purdue University - Lafayette 425 0.86 1.28

Ohio State University 421 0.54 1.68

University of Maryland College Park 414 0.85 2.45

New York University 409 0.65 2.57
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include up to four parameters in positional graphs, one can simply map periods to the colors of the 

bubbles (instead of growth, as was the case in previous examples), and suddenly the figure makes it 

possible to track levels of output, specialization patterns and impact scores over two different periods. 

Figure 9 presents an example of a temporal positional analysis graph in the subfield of Computer 

Hardware & Architecture for the years 2000 and 2015 and for a selection of leading countries according 

to scientific output. 

 

Figure 9 Positional analysis of selected countries in Computer Hardware & 

Architecture research, 2000 and 2015 
Note:  Red bubbles are for year 2000, yellow bubbles for 2015. Directional green arrows indicate an increase in 

specialization between both periods, while directional purple arrows indicate a decrease. 

Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

This graph, with its presentation of data for two years (2000 in red, 2015 in yellow) and, with the addition 

of directional arrows to follow changes between both years, is quite effective at highlighting major 

changes over time, not only for specialization, but also for the other indicators (i.e., number of papers 

and ARC in this case). For this specific graph, because the focus was on specialization, increases in 

specialization are linked to green arrows, and decreases are linked to purple arrows. In this case, five 

countries experienced increases in specialization: India (from 1.37 to 2.30), France (from 0.75 to 1.48), 

Germany (from 0.72 to 1.08), Japan (from 0.59 to 0.82) and Canada (from 0.84 to 1.11). In the case of 

France, Germany and Canada, these shifts resulted in the countries’ status changing from under-

specialized to specialized. The United States experienced a slight decrease in specialization (from 1.66 to 

1.50), and in the process went from the most specialized among this group to second most, behind India 

(2.30). China (from 0.96 to 0.68) also experienced a decrease in specialization, even though its annual 
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output in the subfield was more than multiplied by 5, a testament to China’s tremendous growth in science 

overall. 

As mentioned above, if of interest, readers can also track changes in impact and output in this graph by 

respectively looking at vertical movements and changes in bubble sizes. The most notable findings for 

these parameters include large increases in impact for most countries, especially China (from 0.69 to 1.54), 

and India’s tremendous growth in output (from 80 papers to 630 papers). 

 Other visual tools to display specialization patterns 

The various visual displays presented in previous sub-sections are some of the most frequent tools used 

at Science-Metrix. However, we have many other types of visuals that can be prepared depending on the 

context and the specific needs related to the project. Although it is not possible to make a detailed 

presentation of all of these in the context of this report, Science-Metrix wants to reaffirm to NCSES that 

it can always develop new methods to present data, not only on specialization but also for any other 

indicator. When necessary, Science-Metrix does not hesitate to develop innovative visuals to efficiently 

communicate complex indicators and the relation between variables, in order to support the analysis. A 

few examples are provided in Figure 10. 
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Figure 10 Examples of visuals prepared by Science-Metrix 
Source: Prepared by Science-Metrix using various data sources 
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4 Advanced analyses based on specialization 

In the previous sections of this report, examples were presented to exhibit how specialization could be 

integrated to provide more insights on research patterns at national, state and regional levels. In addition, 

it was shown that analysis of country performance per discipline could also be performed to better 

understand which countries were focusing the most on specific areas of research. Multiple tools to present 

these data were introduced, highlighting the fact that it is relatively easy to prepare relevant visuals that 

can greatly ease understanding for readers.  

Nevertheless, this report has only touched the surface of what could be achieved with specialization data, 

as they can be exploited in much more advanced ways to provide in-depth assessment. Science-Metrix 

has prepared many advanced analyses involving specialization over the last 15 years, and two proposals 

for some of these analyses are presented in the following sections to illustrate how far this indicator can 

be taken to provide insights into complex questions. The first case presented is that of the proposal for 

the design of smart specialization strategies in the European Community, and the second case addresses 

the construction of an international strategy for strategic collaboration partnerships. In both cases, 

Science-Metrix estimates that similarly designed studies could be performed in the context of the United 

States, either at country or state level. 

 Identification of regional specialization patterns in support of the 

development and evaluation of “Smart Specialisation Strategies” for the 

European Community 

The concept of smart specialization has been discussed for quite some time now, being actively used 

within the European Community and even becoming an important tool for the development of 

investment policies. The following section details a methodological approach to detect regional 

specialization patterns within the European Community. Science-Metrix would suggest adapting this 

methodology to implement it at the U.S. state level (or at smaller sub-units such as MSAs or counties), 

for the purpose of developing smart specialization strategies within the United States, using it as guidance 

for ensuring an efficient use of the country’s resources, acting on its existing regional strengths.  

Smart specialization: concept study for the case of the European Community 

The European Structural and Investment Funds (ESIF) represent Europe’s primary investment policy 

tool, with a budget of EUR 454 billion for 2014–20. The ESIF reflect the Europe 2020 smart, sustainable, 

inclusive growth strategy, which covers 11 themes including research and innovation, as well as the 

competitiveness of small and medium enterprises (SMEs). Funds provided through the ESIF are intended 

for European Union (EU) regions (i.e., the NUTS 2 level), and their allocation is conditional on various 

requirements stipulated in ESIF’s regulations. One such condition is the presence of a national or regional 

smart specialization strategy:  

national or regional innovation strategies which set priorities in order to build competitive advantage by 
developing and matching research and innovation strengths to business needs in order to address 
emerging opportunities and market developments in a coherent manner, while avoiding duplication and 
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fragmentation of efforts; a smart specialisation strategy may take the form of, or may be included in, a 

national or regional research and innovation (R&I) strategic policy framework.viii 

Research and innovation strategies for smart specialization (RIS3) have been evolving as a policy tool in 

the EU over the last decade.ix A 2010 European policy called for regions to identify sectors and 

technological domains where they could take concrete actions to build local innovation.x,xi Subsequently, 

an online platform (S3) was launched by the European Commission to provide professional guidance to 

EU Member States and regions for the design and implementation of their individual RIS3 strategies.xii 

The S3 platform has since expanded to include various tools and a best-practice repository.xiii  

It is Science-Metrix’ view that the study of regional specialization patterns in terms of scientific outputs 

(papers) can provide highly valuable information supporting the development and evaluation of RIS3 

strategies. By revealing the respective strengths of regions in terms of scientific performance, the analysis 

of specialization patterns, in combination with other indicators conveying information on such aspects 

as the scientific impact of regions, can offer several benefits, examples of which are listed here: 

▪ Guiding the formulation of policies aimed at filling gaps in terms of scientific capacity toward 

supporting the competitiveness of regions in targeted areas of strategic importance to a given 

region’s economy. 

▪ Informing the design of policies aimed at fostering the development of technological capacity, 

building on areas of scientific strength at the regional level. 

▪ Assessing the level of alignment between a region’s existing specialization strategy and its scientific 

strengths. 

▪ Monitoring the progress of a region along its specialization strategy. For example, is its scientific 

performance increasing in the areas it targeted? 

In brief, such analyses are well suited to supporting the development, assessment and monitoring of RIS3 

strategies, which are “characterised by the identification of strategic areas for intervention based both on 

the analysis of the strengths and potential of the economy.”xiv However, the S3 platform currently does 

not provide the type of data/analyses that Science-Metrix could produce to support the development of 

                                                   

viii European Parliament and the Council of the European Union. (2013). Regulation (EU) No 1303/2013 of the European Parliament and 
of the Council of 17 December 2013. EUR-Lex - 32013R1303. Retrieved from http://eur-lex.europa.eu/eli/reg/2013/1303/oj. (sec. 

Article 2 (2)). 

ix Campbell, D. et al. (2016). Data mining on key innovation policy issues for the private sector: application report. Prepared by Science-Metrix for 
the European Commission. 

x European Commission. (2010). Regional policy contributing to smart growth in Europe 2020. COM(2010) 553 final. Retrieved 
from http://ec.europa.eu/regional_policy/sources/docoffic/official/communic/smart_growth/comm2010_553_en.pdf. 

xi Camagni, R., & Capello, R. (2013). Regional innovation patterns and the EU regional policy reform: Toward smart innovation 
policies. Growth and Change, 44(2), pp. 355–389. 

xii Midtkandal, I., & Sörvik, J. (2012). What is smart specialisation? Nordregio News, (5). Retrieved from 
http://www.nordregio.se/en/Metameny/Nordregio-News/2012/Smart-Specialisation/Context/. 

xiii http://s3platform.jrc.ec.europa.eu/  

xiv Implementing Smart Specialisation Strategies: A handbook. (2016). Brussels, Belgium: European Commission, Joint Research Centre, 
Directorate B. Growth & Innovation, p. 10. Retrieved from 
http://s3platform.jrc.ec.europa.eu/documents/20182/154972/Implementing+Smart+Specialisation+Strategies+A+Handbook/2a0
c4f81-3d67-4ef7-97e1-dcbad00e1cc9. 

http://s3platform.jrc.ec.europa.eu/
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RIS3 strategies in Europe. To remedy this, Science-Metrix suggests producing positional analyses cross-

linking specialization and impact data (for research papers only), which would subsequently enable NUTS 

2 regions in Europe to identify their strengths and weaknesses in the production of new scientific 

knowledge (as measured by peer-reviewed publications). While positional analysis graphs are useful in 

synthesizing such data to highlight regional strengths and weaknesses, it would not, however, be realistic 

to produce such charts for each of the 276 NUTS 2 region. 

We also suggest providing the data at the subfield level (176 categories) as per Science-Metrix’ 

classification, although doing so would make positional analysis graphs too cluttered. For subfields, 

Science-Metrix would instead synthesize the data in dashboards such as the one presented below in Table 

6. This enables a presentation of all regions for all relevant levels of classification as well as the inclusion 

of a time component (e.g., prior to and during funding periods, such as the Seventh Framework 

Programme and Horizon 2020 in this case), all in the same table. These data would be very useful to 

NUTS 2 regions for each of the potential applications presented in the bullet points above. 

Table 6 Dashboard presenting trends in the positional analysis of NUTS 2 regions 

in the UK by scientific subfield (sample) 

 
Note:  This is a sample of what the dashboard could look like. Regions in which fewer than 30 publications are 

available in each period are not presented since the ARC cannot be computed in such cases. 

Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

As a demonstration of the potential value of these data, the policy brief could consist of a case study on 

one NUTS 2 region. The case study would examine the level of alignment between the region’s S3 strategy 

and its existing scientific strengths. Policy recommendations could be formulated on this basis. For 

example, if a given region has weaknesses in some of the targeted areas of strategic importance to its 

economy, the recommendation could be for the region to increase its level of R&D investment in the 

relevant area or to shift its focus to other areas of strength identified in the analysis. Of course, the 

background data for all NUTS 2 regions would be provided in an Excel databook. 

NUTS2 Code NUTS2 Name Science-Metrix Subfield pubs(full) SI ARC pubs(full) SI ARC

Civil Engineering 72 0.58 1.73 78 0.53 1.00

Mechanical Engineering & Transports 353 1.04 1.45 252 0.41 1.44

Civil Engineering 45 0.30 2.30 79 0.45 2.58

Logistics & Transportation 30 0.52 1.33 45 0.59 0.90

Mechanical Engineering & Transports 137 0.45 1.68 179 0.27 1.51

Civil Engineering 61 0.28 0.91 95 0.36 0.79

Logistics & Transportation N/A N/A N/A 52 0.36 1.75

Mechanical Engineering & Transports 356 0.65 2.85 335 0.36 1.65

Civil Engineering 243 0.39 1.85 311 0.42 1.26

Logistics & Transportation 231 1.06 1.66 238 0.77 1.54

Mechanical Engineering & Transports 530 0.40 1.68 641 0.23 1.67

Civil Engineering 77 0.34 1.66 59 0.17 1.38

Logistics & Transportation 55 0.48 1.89 85 0.62 2.48

Mechanical Engineering & Transports 345 0.60 1.34 367 0.34 1.75

Civil Engineering 59 0.42 1.86 60 0.37 1.42

Logistics & Transportation 39 0.79 1.96 69 1.12 1.66

Mechanical Engineering & Transports 303 0.96 1.41 357 0.57 1.28

Civil Engineering 83 0.48 1.96 131 0.66 1.73

Logistics & Transportation 68 0.99 1.22 66 0.67 1.55

Mechanical Engineering & Transports 79 0.19 1.50 101 0.13 1.60

UKM2 Eastern Scotland

Inner London

Berkshire, 

Buckinghamshire and 

Oxfordshire

Gloucestershire, 

Wiltshire and 

Bristol/Bath area

UKH1

UKI1

UKJ1

UKK1

Pre-FP7

East Anglia

FP7/H2020

UKD3 Greater Manchester

UKG3 West Midlands
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4.1.1 Development of an international strategy for strategic collaboration partnerships 

in Norway 

In addition to the benefit gained from identifying a country’s own areas of specialization, understanding 

the specialization patterns of other countries can also prove highly beneficial when the time comes to 

develop collaboration partnerships, especially knowing that international co-authorship tends to drive up 

impact metrics. While collaboration may appear as a trivial act, it is quite a complex process, and 

identifying potential partners for collaboration is not always easy. Indeed, targets for collaboration may 

greatly vary depending on the disciplines at stake, so understanding where the strengths of potential 

partners lie is crucial. The specialization index can play a critical role in this task because strong 

specialization is usually the sign of committed investments in a research topic, which normally bodes well 

when the aim is to build a long-term, fruitful partnership with other countries. 

By identifying countries that are specialized in areas where the United States is also specializing, targets 

for collaboration could first be identified. As a second step, identifying which among these countries 

exhibit strong scientific impact could help in targeting partnerships that could become highly beneficial 

for the United States. Similarly, in areas where the United States lacks specialization and that are identified 

as strategic areas to develop, the same approach could be used to identify ideal partners, helping the 

United States in reaching its goal. 

In 2012, Science-Metrix was mandated by the Research Council of Norway to perform an exercise like 

the one briefly described above. The goal of the study was to support Norway’s national strategy for 

international collaboration, identifying the most relevant countries for the development of strategic 

partnerships in a set of disciplines selected by the Council.xv Science-Metrix would advise NCSES to 

investigate whether a similar exercise would be relevant in the context of the United States. Two different 

analyses could be performed, the first one looking at international partnerships, and the second one 

focusing on state collaborations, aligning states sharing similar specialization patterns to help in the 

development of strategic interstate partnerships.  

Table 7 presents an example of a case study at the U.S. state level for a specific subfield, in this case 

Aerospace & Aeronautics. States combining both strong specialization and impact are colored in purple. 

These highlighted states (California, Ohio, Virginia, Maryland, Georgia, Colorado, Indiana, New Mexico, 

Iowa, Kansas, Mississippi) potentially represent good targets for one another for the development of 

strategic partnerships in Aerospace & Aeronautics—although, of course, only after the examination of 

other factors not related to bibliometric data. 

                                                   

xv The report from this study can be consulted on the Science-Metrix website: http://www.science-
metrix.com/?q=publications%2Freports&title=norway#/?q=en/publications/reports/bibliometric-study-in-support-of-norways-
strategy-for-international-research  

http://www.science-metrix.com/?q=publications%2Freports&title=norway#/?q=en/publications/reports/bibliometric-study-in-support-of-norways-strategy-for-international-research
http://www.science-metrix.com/?q=publications%2Freports&title=norway#/?q=en/publications/reports/bibliometric-study-in-support-of-norways-strategy-for-international-research
http://www.science-metrix.com/?q=publications%2Freports&title=norway#/?q=en/publications/reports/bibliometric-study-in-support-of-norways-strategy-for-international-research
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Table 7 Scientific performance of top U.S. states in Aerospace & Aeronautics 

research (2015) 

 

Note:  Color coding indicates scores below (red), on par with (white) or above (green) the world level. U.S. states 

presenting high specialization and impact are colored in purple. 

Source: Prepared by Science-Metrix using the Scopus database (Elsevier) 

5 Conclusion 

The purpose of this report was to provide a proposal for the integration of analyses on specialization, 

with a view to future integration in the SEI. Dashboards, positional analysis graphs and maps were 

presented as tools to visualize specialization. These were used to highlight how specialization patterns 

could be implemented to compare a country’s performance across different areas of research, or instead 

to compare multiple countries in a specific area. Furthermore, data at the U.S. state level were presented 

to illustrate that specialization patterns could be especially relevant at regional levels. Following the same 

logical path, proposals going down to the level of counties and MSAs were briefly summarized. 

U.S. state Papers SI ARC GI

United States 5,574 1.62 1.37 0.84

California 1,080 1.91 1.42 0.81

Ohio 681 4.03 1.87 0.95

Virginia 634 5.59 1.61 0.81

Texas 456 1.63 1.30 0.86

Maryland 416 1.78 1.65 0.86

Florida 324 2.12 1.18 1.03

Georgia 255 2.07 1.50 0.95

Alabama 247 4.84 0.74 0.85

Massachusetts 240 0.74 1.49 0.96

Colorado 237 2.27 1.37 0.71

Indiana 207 2.18 1.88 1.08

New York 201 0.56 1.16 0.80

Michigan 179 1.22 2.22 0.80

Pennsylvania 169 0.70 1.09 0.90

New Mexico 160 3.31 2.01 0.83

District of Columbia 145 1.94 0.84 1.24

Arizona 143 1.90 1.78 0.84

Missouri 126 1.55 1.63 1.11

New Jersey 108 1.06 1.90 1.19

Washington 107 0.92 0.97 0.95

Illinois 107 0.55 1.83 0.86

Tennessee 102 1.15 1.13 1.00

North Carolina 88 0.55 0.47 1.00

Connecticut 75 0.91 1.44 0.73

Iowa 71 1.52 2.09 0.87

Minnesota 68 0.71 3.16 1.07

Utah 61 1.31 0.98 0.98

Kansas 61 2.19 1.53 0.90

Oregon 48 0.86 2.00 2.54

Mississippi 40 1.82 3.12 0.65Puerto Rico 1 5.3089975 #DIV/0! #DIV/0!
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To conclude the report, more advanced strategies using specialization data were presented to illustrate 

how far analytical methods could go in support of complex policy questions. In these specific cases, it 

was demonstrated that specialization data, in combination with other bibliometric indicators, could be 

deployed in the development of smart specialization strategies and for the implementation of strategic 

partnership plans. It is Science-Metrix’ assessment that all the strategies presented in this report could be 

implemented in one way or another in the SEI to provide more in-depth data on specialization. Some of 

these data would probably better fit in appendix tables because they would represent large sets of data, 

but salient findings could enrich the SEI reports. It is also expected that providing access to these new 

data might attract new users, because data at more disaggregated levels (e.g., state, county and institutional 

data) are closer to the experience and interests of end-users than generic country-level data. 
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