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Introduction 

Since the 1960s, governmental and intergovernmental organizations have published science 

and technology indicators for national evaluation (Godin, 2002). These works focus on 

national characteristics and do not fully account for the fact that international R&D 

increasingly takes place across national boundaries. Current metrics allow counts to be made 

of internationally coauthored papers, and citations to be attached to articles, but these 

measures do not disentangle the national contributions to the international effort, nor is it 

possible to assess the value to nations of participating in global collaboration. This paper 

explores the possibility of developing an indicator to better evaluate the benefits to nations of 

participating in international collaboration. The approach involves using fractionalized, field-

weighted citation counts. We proceed by analyzing the correlation of this measure to national 

R&D investment, international collaboration and researcher mobility. Doing this in the form 

of a time series analysis allows us to go beyond Wagner et al (2018) and explore the 

potentially causal links between these factors. 

International collaboration in science has grown rapidly in the past three decades. Ganzi et al. 

(2012), Adams (2013), and Wagner et al. (2015) demonstrated the rapidly increasing numbers 

of internationally coauthored articles. When fractional counts are used to attribute 

contributions to participating countries, about 25% of all papers from OECD countries are 

nowadays internationally coauthored. Glänzel and Schubert (2001) and Glänzel and deLange 

(2002) showed that international collaboration is more highly cited. Cimini et al. (2016) 

showed that countries with high levels of international collaboration have a higher impact. 

These analyses suggest that international collaboration has a strong impact on science as a 

whole. However, the metrics leave a gap for those who wish to account for the benefits to 

nations of participating in growing amounts of international collaboration. This conference 

paper seeks to address this gap by proposing a measure of national benefit using 

fractionalized field-weighted citations, and analysing these measures in relationship to public 

spending and researcher mobility. 
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Data  

The data gathered for this project, and the data sources, are shown in Table 1. Counts of all 

articles were collected for each country for each year from Scopus. With the total number of 

articles per year, we calculated the percentage of all articles that are internationally 

coauthored. The analysis uses fractional counts of the number of articles for specified years, 

as well as the percentage of all articles that are internationally coauthored. A fractional 

allocation of 3-year citation counts were calculated for each country for each year from 

Scopus data. In addition to the bibliometric data, we sought data on researcher mobility to 

contribute to assessing a country’s openness to international engagement, as well as spending 

on research and development (R&D) from OECD and GDP measures from the World Bank.  

Table 1 - Data used in analysis, with source 

Data   Source 

Fractional count of number of internationally 

coauthored articles, 2007-2015*  

FracPubs Scopus 

Fractional allocation of 3-year citation count for 

internationally coauthored articles, 2007-2015** 

FracFWCI Scopus 

Percent of all National Publications that have 

International Coauthorship 

Percent Intern Scopus 

Share of researchers who changed a national 

affiliation for a foreign affiliation in this year.  

Outflows Scopus 

Share of researchers which changed a foreign 

affiliation to an affiliation in a specific nation.  

Inflows Scopus 

Principal component index of Percent Intern, 

Outflows, Inflows 

Openness Calculated by team 

on the basis of above 

Scopus data 

Government Budget Allocation for R&D for 36 

countries, 2007-2015 

GBARD OECD 

Gross Domestic Product GDP World Bank 

 

Bibliographic Information  

 

The core data collection began with numbers of articles, numbers of international articles, and 

fractional counts of numbers of international articles from Scopus. The core data included 

aggregated FWCI from Scopus, which refers to "the ratio of citations received relative to the 

expected world average for the subject field, publication type and publication year" (SciVal, 

2017) calculated by field and then aggregated into a single number for each country, which 

became a variable in the analysis. In addition, for each country for each year (2007-2015), we 

gathered FracFWCI assigns counts to countries proportionally, dividing the citation counts 

according to the frequency with which a country appears in the authors’ addresses. (We use 

FracFWCI as a measure of impact.) From these data we calculated the percent of all articles 

that were internationally coauthored as one variable in the analysis.  

Mobility 

We sought to apply measures of openness of a country to international engagement, measured 

in part by researcher mobility. We added measures about the international mobility of a 

nation’s research workforce to percent of all papers that are internationally coauthored. These 

mobility data are calculated based on the percent of mobile researchers by examining new 

inflows and recent outflows. The “inflows”, or immigrant scientists, refers to the share of the 

authors who started publishing with an affiliation containing the country name under study 
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while initially using a different country as their institutional address. “Outflows”, or emigrant 

scientists, refers to the share of researchers who started publishing with the country under 

study as their institutional address followed by publications indicating (an) other(s) country or 

countries. Work by Sugimoto et at. (2017) showed that mobile researchers have higher 

citation counts.  

Openness 

With the data on collaboration (percent international) and mobility (outflows and inflows), we 

created an openness index. The index is used to combine the three variables, which we found 

to be highly correlated. As a result, we calculated a Principal Component (PCN) index of 

measures to create a single measure called “openness” to indicate the extent of international 

engagement. The results of the PCN are included as a variable in Table 4 in the Results 

section. 

Government R&D Spending 

The goal was to understand the benefits to nations of participating in international 

collaboration, so we originally sought to add data about government R&D spending rather 

than including all data, which includes higher education and business spending. In a recent 

article (Wagner et al., 2018), we used OECD data on Government Budget Allocations or 

Outlays on R&D (GBAORD) by country, limiting the analysis to 34 countries reporting these 

data. However, GBAORD are only available for OECD member countries. For this paper, we 

sought to reproduce the findings we showed for one year (2013) to more years. We added data 

on Gross Domestic Product (RD/GDP) for 2007-2015 to represent investment from the World 

Bank.  

Preliminary Analysis & Results  

Once all the data were collected and organized, we created a model to test the findings by 

Wagner & Jonkers (2017) and Wagner et al. (2018) that openness was significantly correlated 

to impact as measured by FracFWCI. First, we examined statistical relationships as a 

correlation matrix, then we conducted cross-sectional analysis of each year. Following this, 

we analysed the panel data using a two-way fixed effects model. 

In this section, we present the bivariate correlations between all the variables used in the 

analysis. All of the variables have been standardized with mean zero and standard deviation of 

one in order to facilitate comparison of effect sizes. Since the correlations do not account for 

dependency in within-country variability over time, the correlations are only to be viewed as a 

starting point for the analysis. The top row for each variable shows the correlation, and the 

bottom row shows the p-value. All of the variables show strong and significant positive 

correlations with FracFWCI. 
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Table 2 – Correlation Matrix 

Variable N Mean Std Dev 1 2 3 4 5 6 7 8  
1 - FracFWCI 312 -3.21E-12 1 1         
             
             
2 - FracPubs 312 2.24E-11 1 0.260 1        
    <.0001         
3 - Percent Intern. 312 3.21E-12 1 0.607 -0.267 1       
    <.0001 <.0001        
4 - Outflows 312 1.92E-11 1 0.485 -0.145 0.778 1      
    <.0001 0.011 <.0001       
5 - Inflows 312 -2.24E-11 1 0.635 -0.126 0.830 0.829 1     
    <.0001 0.026 <.0001 <.0001      
6 - Openness 312 0 1 0.616 -0.191 0.929 0.929 0.948 1    
    <.0001 0.001 <.0001 <.0001 <.0001     
7 - GDP 312 -9.62E-12 1 0.133 0.977 -0.320 -0.187 -0.197 -0.250 1   
    0.019 <.0001 <.0001 0.001 0.001 <.0001    
8 - GBARD 312 -1.92E-11 1 0.200 0.979 -0.270 -0.147 -0.157 -0.205 0.980 1  
    0.000 <.0001 <.0001 0.009 0.005 0.000 <.0001   
9 -GBARD/GDP 312 9.61E-12 1 0.608 0.295 0.263 0.107 0.126 0.176 0.234 0.317  
        <.0001 <.0001 <.0001 0.058 0.027 0.002 <.0001 <.0001  
  

            

 

 

Next, as discussed above, we created an “openness” measure since the percentage of 

publications that are international, as well as researcher inflows and outflows appear to be 

strongly correlated. They are theoretically conceptualized within “openness” for this project. 

We combined the three measures into a principal component. Table 3 shows the eigenvector 

loadings for the three measures on openness.  The component has an eigenvalue of 2.63. 

Table 3 – Principal Component Loadings for Openness Measures 

Table 4 shows the results of the regression models for each year between 2007 and 2015. 

Each model has FracFWCI as the dependent variable, and the model includes the fractional 

number of publications for each country, the openness principal component, and GBARD. 

Again all variables are standardised to facilitate comparison of effect sizes. The table shows 

that both the openness component and GBARD/GDP have strong significant positive 

relationships with FracFWCI across the entire time period. In 2007 GBARD/GDP has a 

stronger estimate than Openness, but this flips in 2009, and Openness continues to gain 

strength relative to GBARD across the period, supporting the hypothesis. 

  

Intern. Perc 0.573512 

Inflows 0.57317 

Outflows 0.585286 
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Table 4 – Cross Sectional Regressions, 2007-2015 

2007 2008 2009 2010 2011 2012 2013 2014 2015 

Intercept 0 0 0 0 0 0 0 0 0 

(0.114) (0.09) (0.102) (0.091) (0.103) (0.093) (0.097) (0.089) (0.084) 

FracPubs 0.074 0.141 0.195 0.206 0.252* 0.275** 0.324** 0.296** 0.311** 

(0.133) (0.104) (0.119) (0.102) (0.113) (0.101) (0.103) (0.095) (0.09) 

Openness 0.375** 0.522*** 0.535*** 0.579*** 0.555*** 0.633*** 0.69*** 0.668*** 0.74*** 

(0.119) (0.097) (0.109) (0.1) (0.11) (0.1) (0.103) (0.095) (0.09) 

GBARD/GDP 0.674*** 0.559*** 0.484*** 0.458*** 0.431*** 0.374*** 0.301** 0.382*** 0.314** 

(0.129) (0.104) (0.118) (0.104) (0.113) (0.102) (0.103) (0.095) (0.09) 

R2 0.614 0.74 0.679501 0.737274 0.664 0.717 0.71 0.748 0.774 

N 33 35 34 35 35 36 34 34 35 

P-value<0.05 = *, <0.01=**, <0.001***

Next, Table 5 shows the results of the two-way fixed effects analysis. This model focuses on 

the within-country variability over time, in contrast to Table 4 which focused on cross-

sectional between country variability. Table 5 shows an unexpected result, as the estimate on 

Openness has reversed sign, to become negative, apparently refuting the hypothesis that 

increases in openness in countries results in higher impact.  

Table 5 – Two Way Fixed Effects Model, 2007-2015 

FracFWCI 

Intercept -0.5

(1.136)

FracPubs 0.266

(0.212)

Openness -0.454***

(0.077)

GBARD/GDP 0.119** 

(0.036) 

Country (36) Fixed 

Year (9) Fixed 

R2 0.976 

N 312 

P-value<0.05 = *, <0.01=**, <0.001***
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The unexpected results in Table 5 prompted further inquiry into the comparison of between-

country and within-country association of Openness and FracFWCI. Figure 1 shows the cross 

sectional scatterplot that pools all  years of data for all countries. The scatterplot shows the 

correlation between openness and impact, where the observations for each country are 

labelled with a specific symbol identified in the legend. 

 

Figure 1 – Scatterplot, Openness and FracFWCI, Pooled 2007-2015 

 

 

Figure 1 shows a positive slope for openness and FracFWCI. However, there is a good deal of 

within-country variability, illustrated with the country color coding, which indicates that, for 

many countries, the relationship between openness and FracFWCI has a negative slope. 

Figure 2 and Figure 3 show the USA and The Netherlands as examples of a country with a 

negative slope, refuting a positive relationship between openness and FracFWCI.  

 

1385



STI Conference 2018 · Leiden 

Figure 2 – Scatterplot for USA, Openness and FracFWCI 

Figure 3 – Scatterplot for Netherlands, Openness and FracFWCI 

Table 6 compares the number of countries having positive slopes with the number of 

countries having negative slopes. The number of countries with negative slopes outnumber 

those with positive slopes in the sample of countries.  
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Table 6 – Countries with positive and negative slopes for Openness and FracFWCI 

Positive/Flat Negative 

SWE USA 

SVN TUR 

NOR SVK 

MEX RUS 

KOR POL 

ITA NZL 

IRL NLD 

HUN LVA 

GRC LUX 

GBR JPN 

FIN ISR 

EST ISL 

ESP FRA 

DNK DEU 

BEL CZE 

AUS CHL 

ARG CHE 

CAN 

AUT 

Table 7 shows results for two-way fixed effects models for countries with (17 countries) 

positive and those countries with negative slopes (19 countries) over the nine-year period. The 

first model shows that Openness maintains a positive significant effect on FracFWI, but 

GBARD/GDP is no longer significant. The second models shows results consistent with the 

full model in Table 5, where there is a negative estimate for openness on impact and a 

positive estimate for GBARD on impact.  

Table 7 – Two Way Fixed Effects, 2007-2015 

Positive(FWCI) Negative(FWCI)

Intercept 0.969*** -1.941

(0.076) (1.596)

FracPubs 0.553** 0.462

(0.19) (0.296)

Openness 0.19* -0.781***

(0.073) (0.115)

GBARD/GDP -0.036 0.264***

(0.026) (0.056)

Country Fixed Fixed

Year Fixed Fixed

R2 0.992 0.975 

N 150 162 

P-value<0.05 = *, <0.01=**, <0.001***
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Discussion 

This paper extends analysis from earlier work (Wagner and Jonkers, 2017 and Wagner et al., 

2018) which introduced an index of openness of nations as a measure of engagement to test 

the possibility of measuring national benefit from international coauthorship and mobility. 

The earlier work had a number of limitations, particularly that the data were limited to a 

single year and consisted of cross-sectional correlations. Data on mobility and government 

spending were limited to a small set of developed nations, which is still the case in this 

conference paper. 

To improve upon the earlier work, this paper employs data over a nine-year period to provide 

a more robust test of the relationship between openness and impact. The idea of this 

additional test is to see if results would be robust across years; this included cross sectional 

analysis of each year as well as analysis of the decadal data. The goal of the work has been to 

assign proportional shares of output and impact to nations, to link that to spending, and to use 

the analysis to gain insight into the impact of international cooperation and mobility on 

national science. 

The cross-sectional analysis continues to show the relationship between openness and impact 

for years from 2008 – 2015. This means that on average, countries with higher openness also 

tend to have higher impact. However, the panel data do not support the hypothesis that 

increasing openness results in higher impact. We observe a mixed result, where some of the 

most advanced countries reveal a negative relationship between openness and impact. Other 

nations show a positive relationship.  

Further analysis and discussion will consider possible explanations for these findings. The 

next steps in this analysis is to explore: 1) what type of countries do and what kind of 

countries do not benefit from increasing openness and 2) adding more countries to the 

analysis.  The authors welcome all comments.  
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