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A Model for Paper Share as a Function of Investment Share
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The purpose of this annex is to derive a model that can account for paper publication or its share as a function of a nation's R&D investment.  The model will demonstrate that a country's share of publications mi depends mainly on that country's share of total world investment, wi.  A simple linear, deterministic model will initially be used, later it will be generalized.  Linear correlations typically show correlation coefficients of greater than 0.9, so such a model is reasonable, but there will be a random variation about the values predicted by this model by year or by country.   The model can be calibrated for a particular year's data, so that relations between parameters for that year are identities.  The model can sometimes be used to predict values for a subsequent year if it can be shown that its parameters are fairly constant from year to year.  

In a given year, the ith country invests gi millions of U.S. dollars in research and development, with i = 1, N, where N is the number of countries.  G is the world total investment.



G = (gi      


for i = 1, N



(A1)

In this paper the OECD GERD database for 1988-2003 will be used.  After 1991 the OECD also included some data for some non-OECD affiliate members, and data from all this "OECD Group" will be used where available.  Some countries do not provide data every year, but the value of  N is usually about 35.  The specific time series uses constant year-2000 dollars, with PPP normalizations to put investments on a more-or-less equitable basis.  Each country's share of the total investment from the OECD group is:



wi  =  gi /G


n = 1, N




(A2)

Scientists in each country use these funds to do research and report the results in technical papers that they submit to scholarly journals.  Let si be the papers submitted from the ith country, (a parameter that is not readily available), and let pi be the number of those papers actually published.  For simplicity the model will initially assume linearity-- twice as much research funding results in twice as many papers submitted si. 

si = bi gi








(A3)
We will also assume that the number of papers published from country i is proportional to the number submitted.  Thus

pi = ci si  =  ci bi gi  = (i gi






(A4)
where this equation will be used to define the values of  (i, the efficiency of the ith country in publishing papers in units of papers per $ million.  Typical efficiencies range from 0.5 to 1.5 papers per $1 million of GERD.  The total number of papers published by all countries is P:



P = ( pi = ( (i gi                          
i=1, N




(A5)

The share of the ith country among the total published is mi:



mi = pi/P  = (i gi /( (j gj           
 j= 1, N




(A6)

The model is sufficient to show that paper share is highly dependent on investment share.  For example in the symmetrical case where all the efficiencies are the same, (i = (j for all i, j:   

    
mi =  (i gi /((i ( gj)   =   gi /G  = wi   





(A7)
Thus in this case, each country's share of publications is not just dependent on its share of R&D investment, it is numerically equal to it!  Consequently, it is plausible that a country can greatly increase its investment in R&D, but still lose share of papers published, if other countries increase their investment even more.  

To generalize, it is not necessary to assume that the model is linear as long as one restricts all parameters to be calculated from a single year's data.  Start with the definition of efficiency:





(i  = pi /gi  or





(A8)



pi =  (i gi






(A9)
Then divide by P:



pi/P = mi  =  (i gi/P




(A10)

Now define an average efficiency over all countries:





(avg  = P/G  





(A11)

Substituting this into the equation above it yields:





mi  =  ((i /(avg ) (gi /G) =  ((i /(avg ) wi


(A12)





mi  = ki wi





(A13)


where ki = ((i /(avg) is the "relative efficiency," in papers per $ million of investment, normalized by the average efficiency of all the countries in the dataset.  Thus within a given year's data, the paper share is strongly dependent on the investment share regardless of what the exact model is.  This equation is an identity, and simply expresses the required relationship between the defined parameters within a single year's data.  However, if ki  can be shown to be approximately constant for a country over a range of years, the model could be used with some success to predict the result of changing investment shares in the future.  Absolute efficiencies (i do change from year to year; for example they would have to go down for most countries if some countries greatly increased their investments while ISI held the total publication count fixed.  However, Fig. 5 shows that the relative (normalized) efficiencies have been fairly constant for the U.S., EU15, EA2, and the aggregate of the remainder of the OECD Group in recent years.

The model in Equation (A13) permits some useful conclusions.  As before, if all countries had the same efficiency, which would have to be (avg, then paper share would be numerically equal to investment share for all countries, mi  =  wi.  More generally though, the equation states that even if the efficiencies are different, any country that has an efficiency of producing papers that is about equal to the average of all countries, then necessarily that country's paper share will be about equal to its investment share.  The data of Fig. 5 shows that the U.S. efficiency is near the average efficiency, perhaps because its investment is such a large part of world investment. Thus, as the U.S. has lost investment share to aggressive new entrants, this has translated directly into a loss of paper share.  In fact, for this limited range of years, the model in Equation (A13) does appear to predict output mi from input wi fairly accurately even with constant values of ki (Fig. 6).
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