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ABSTRACT 
 

History of humanity especially post renaissance era depicts the contribution of research and its output In 

terms of publication, patents and technology transfer paving the way for the societal prosperity. Scientific 

writing and research publication are fundamental components indicative of academic excellence and 

supposedly committed to the Research and Development (R&D) funding. Thus the budget allocation and 

expenditure thereof towards R&D is considered to be a vital parameter for the advancement in science and 

technology and also for social and economic well being. In view of the tall aspirations of society and 

government at large it becomes indispensable to investigate whether the scholastic output is going hand in 

hand with the R & D budget spillover or otherwise. We present in this communication a systematic 

clustering approach based on K-means algorithm to reveal the impact of R&D expenditure on the extent of 

research publications. Two independent sources of data, Research and development expenditure i.e. 

percentage of Gross Domestic Product (GDP) and Scientific and technical journal articles, are brought 

together in this comprehensive study. From an empirical perspective, present study found that there exist a 

positive linear correlation between R & D Expenditure and number of research publication. 
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1. INTRODUCTION 
 

The following meaningful quote by astronomer Carl Sagan “Somewhere, something incredible is 

waiting to be known,” essentially portrays the psyche of a passionate researcher, how however 

fails to perform in the crunch of diminishing R & D budgetary allocation. It is without any doubt 

that the investment towards R&D influences innovations and in turn stimulates the growth of a 

country [11]. However the relationship between the percentage of GDP spent on the R&D vis-à-

vis the quantity as well as quantity of scholarly journal articles published has been a topic of 

inquiry through the globe. There are number of studies reported in the past investigating the 

correlation of productivity in the academic research community in the light of the research 

expenditure [1, 2, 10].  
 

Igor Prodan has reported the model which portrays influence of R & D expenditures on number of 

patent applications in selected OECD countries and central Europe [4]. Research confirms the 

positive correlation between the two. Meo and Usmani have presented impact of R&D spending 

on research publications, patents and high technology exports among 47 European countries [3]. 

This research collected the information regarding per capita GDP, R&D expenditure with the 

conclusion that R&D expenditure and research publications are the most significant contributing 

factors towards a knowledge economy.   
 

Janodia has compared expenditure on R & D and patents of India among SAARC and BRICS 

countries [5]. The study revealed that it is essential to raise R&D expenditure to motivate research 

activities leading to innovation, increasing patenting and larger number of publications. Dietmar  

reported the effect of R&D spending on its productivity in German manufacturing firms [7]. The  

result of the study suggested that spillovers affect industries in a heterogeneous manner. Yet  
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another paper by Kamath and Kamat reported clustering of countries based on their R&D 

expenditure and its productivity [6]. Here analysis has done based on the number of research 

publications, patent applications and trademarks registered with reference to percentage of GDP 

spending on R&D. 
 

In the present communication we report a systematic methodology with R&D datasets as input to 

the k-means algorithm to cluster the performers as well as the gloomy ones in the interest of the 

public policy at large. The impact of research recourses quantified in terms of R & D expenditure 

and the corresponding research output, as measured in terms of the quantity of journal articles 

have been taken as two independent data sets for the correlation purpose. In order to visualize the 

competitive picture we correlate R&D expenditure and journal publications on a global scale 

taking into consideration the individual country performance. We use R data mining tool for more 

significant analysis resulting into the clusters having varied performance. 
 

2. DATASETS FOR PRESENT ANALYSIS 
 

In this comprehensive study, two independent sources of data, Research and development 

expenditure i.e. % of GDP and Scientific and technical journal articles, are brought together for 

the assessment purpose. These datasets are available at Knoema (http://knoema.com ) a free to 

use web based public and open data platform launched for the purpose of statistical analysis. This 

web based platform uses international open data platforms such as World Bank, IMF, UN and 

many more as sources to fetch the data. Expenditures for R&D available on this platform are 

current, up to date and include capital expenditures for both public and private sector on creative 

work undertaken systematically to increase knowledge and the use of knowledge for new 

applications. Knoema implies R&D that includes basic research, applied research, and 

experimental development. Scientific and technical journal articles refer to the number of 

scientific and engineering articles published in the following fields: physics, biology, chemistry, 

mathematics, clinical medicine, biomedical research, engineering and technology, and earth and 

space sciences. Snapshot of the dataset used in this study shown in figure 1.With such a 

voluminous availability of the data sets it would be really worthwhile to deice the trends and 

meaningful performance measures out of the same. Following section presents the methodology 

for devising the trends from the data sets. 

 

 
Figure 1. Snapshot of dataset 
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3. ANALYSIS THROUGH CORRELATION AND CLUSTERING 
 

In order to visualize meaningful performance index relating the R & D budget with the 

publication output we adopt the K-means clustering algorithm [8]. The data were analyzed by 

using MS-Excel and R data mining tool. In this study 76 countries’ R&D expenditure and 

research publication for the years 2011, 2010, 2009, 2008, 2005 and 2000 were included. The 

correlation coefficient was calculated to find the imminence of relation between these two 

parameters. Correlation between R&D expenditure and quantity of research publications data 

demonstrated in table 1. All these 76 countries’ correlation coefficients are shown as Radar chart 

in figure 2. 
Table 1.  Correlation of R&D expenditure and Research publications 

 

 
Figure 2. Radar chart representing correlation coefficients 

 

This correlated data was further used for designing prominent clusters of countries by applying 

unsupervised learning. We undertake the same to uncover the relationship between R&D 

expenditure and research publications. R open source data mining tool has been used for 

clustering of countries based on their correlation coefficients [9]. The K-means algorithm is used 

here for grouping countries according to their similarity. Corresponding output of clustering using 

‘R’ is shown in figure 3. Three prominent clusters have been devised implying positive, negative 
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or neutral correlation. K-means clustering resulted into three clusters of size 17, 33 and 21 given 

in table 2. 

 

Figure 3. Snapshot of Result of clustering in R  

Table 2: Clusters of countries based on correlation data 
 

 

4. INTRA CLUSTER ANALYSIS AND PERFORMANCE MEASURES   
 

The countries belong to cluster 1 have non - linear relationship between R&D expenditure and 

Publication as their correlation coefficient is closer to -1. Negative correlation implies a 

completely inverse relationship between the R&D expenditure with number of publications. For 

instance Bulgaria and Japan belonging to this cluster with correlation coefficient -0.74 and -0.61 

indicate gloomy performance in terms of publication output despite being the heavy investment in 

R & D shown in table 3.  
   

Positive correlation i.e. correlation coefficient closer to +1 found in countries belonging to 

cluster2 reveals a linear relationship between R&D expenditure and Publication. Intra cluster 

analysis shows that as the R&D expenditure increases number of publications also increases in 

case of these countries. India, Argentina and Malaysia are the main countries belonging to this 

cluster with correlation coefficient 0.82, 0.91 and 0.95. Sample data of these countries belonging 
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to cluster 2 can be further analyzed so as to perceive the closeness of the publications versus the R 

& D spending given in table 4.  
 

The weak correlation between R&D expenditure and number of publications is exhibited by 

countries belonging to cluster 3. The correlation coefficient is closer to 0 implies almost no 

relationship between R&D expenditure and number of publications. For example Kuwait and 

Serbia belong to this cluster with correlation coefficient 0.0 and 0.28 shown in table 5.  
 

Table 3. Sample data of countries belonging to cluster 

 

Table 4. Sample data of countries belonging to cluster 2 

 
 

Table 5. Sample data of countries belonging to cluster 3 

 
 

5. CONCLUSIONS 
 

Our investigation using the K-means clustering algorithm using R-mining is in fact one of its 

kinds systematic modus operandi to device the correlation between two independent data sets for 

perceiving the performance metrics for the benefit of the policy makers, scientific community and 

the society at large.  Since the budget for the R & D is drawing from the tax payers, society 

ultimately becomes the major stakeholder of the research. Visualization and analysis technique 

such as the reported ones not only correlates independent data sets but also throws light on the 

preeminent trends and patterns that the stakeholders ought to know. Our investigation reveals that 

for 33 countries out of 76, there exists positive linear correlation between R & D Expenditure and 

number of research publications. The impact of research funding structure on quantity of journal 

articles is fundamental to an understanding of the functioning of research systems. This question 

is not of just aesthetic interest to scientific community. In times of limited funding there are 

pressures to implement policies that will affect the distribution of funds and the reported 
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framework will definitely ensure judicious distribution from the apex funding bodies like World 

Bank. 
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