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Abstract. 

The purpose of this paper is to investigate the pattern of knowledge flows as indicated by patent 

citations. In order to compute the technological proximity, we have followed the methodology 

developed by Jaffe (1986), where a technological vector is based on the distribution of patents of 

each firm across technology classes. As far as the geographic proximity is concerned, we have 

used the latitude and the longitude coordinates of the city in which each firm is located. The 

empirical results suggest that the effects of proximity variables on knowledge flows are rather 

differentiated. 
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1. Introduction. 

 

The innovation process is a fundamental source of economic growth. Then, it is important to 

identify the factors able to explain its dynamics. In this analysis, the diffusion of ideas plays a 

relevant role, since it is hard to appropriate knowledge which “spills over” to other agents in the 

economy. The knowledge flows between the source and the destination, such as firms, regions or 

countries, might be explored by two principal frameworks. We may assess the impact of 

spillovers on productivity, into an aggregate production function or we may study the 

relationship between newly produced knowledge (usually proxied by patents) and research inputs, 

into a knowledge production function. According to Griliches (1979), it is difficult to separate the 

impact of knowledge spillovers from that of rent spillovers, then the second approach should be 

preferred to the first. According to Bottazzi and Peri (2003), if the social rate of return of new 

inventions is higher than the private rate one, then knowledge spillovers are likely to occur. The 

private rate of return of a new invention may be measured by the value of the related patent, 

while for the assessment of the importance of spillovers generated by the invention, we could 

consider the patent citations flows, following Jaffe et al. (1993). Indeed, it is possible to use patent 

citations to identify knowledge flows across countries or firms, and between ‘cited’ patent to 

‘citing’ patent.  

 

In this paper, we have explored the question whether geographic and technological proximities 

affect the knowledge flows, proxied by patent citations for large international firms and how 

these effects change over time. We expect that the geographical proximity impact on knowledge 

flows is decreasing over time, since information travels at lower communication costs over time 

(Coyle, 1997 and Friedman, 2005). Yet, according to Evans and Harringan (2005), distance is still 

relevant in some technological sectors, where face-to-face interaction is fundamental and 

knowledge is tacit and hard to codify. Then, it is also interesting to analyse the impact of 

technological proximity on knowledge flows over time. 

 

The paper is laid out as follows. A brief survey on previous studies are presented in Section 2. 

Section 3 details the data and the variables. Section 4 sketches our econometric model. After 

presenting the empirical results in Section 5, Section 6 concludes.  
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2. Related literature. 

 

 

The empirical literature over the last decade has focused on the role of knowledge in innovation 

patterns. As a public good, knowledge has two properties: it is non-excludable and it is non rival, 

since it can be used by more firms at the same time and the innovator cannot impede other firms 

from using it. For this reason, knowledge produces externalities, referred in the literature as 

knowledge spillovers. De Bondt (1997) defines a ‘knowledge spillover’ as “involutary leakage or 

voluntary exchange” of technological knowledge. Empirically, there are different methodologies to 

deal with the knowledge flows. In order to measure the knowledge flows, it is useful to compute 

a ‘weighting matrix’, in such a manner that the diffusion of knowledge will be proportional to the 

degree of transaction between firms.  

 

 

 

Concerning the papers based on a standard production function, the most influential 

contribution in the empirical literature on this topic has been the paper written by Coe and 

Helpman (1995). They use country level data on trade shares as a proxy for the intensity of 

knowledge flows between countries and find that international spillovers from foreign R&D 

positively affect productivity growth and that this effect is larger for small countries. Keller 

(1998) provides econometric evidence that casts doubt on the effectiveness of trade as a 

mechanism for knowledge transfer, finding higher coefficients on foreign R&D when using 

random weightings instead of those used by Coe and Helpman (1995), based on trade shares. As 

far as international trade is concerned as a channel of technology transfer, Sjoholm (1996) and 

Lichtenberg and van Pottelsberghe (1998, 2001) find a positive result, while Soete and Verspagen 

(1993) and Gittleman and Wolff (1995) do not find any effect. Lichtenberg and van 

Pottelsberghe (2001) find a positive effect of foreign direct investment (FDI) or technology 

payments on productivity. Soete and Verspagen (1993) conclude that FDI does not produce 

effects, while Mohnen and Lépine (1991) find different results. Orlando (2000), by means of a 

production function framework, examines the role of geographic and technological proximity for 

inter-firm spillovers from R&D. He finds that the firms which belong to the same industry, 

obtain the highest spillovers. The spillover effect within the narrowly defined technological 

groups are not attenuated by the distance, while geographic proximity seems to attenuate 
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spillovers that cross narrowly defined technological boundaries. Greunz (2003) investigates inter-

regional knowledge spillovers across European sub-national regions. She finds that there are 

interregional spillovers between geographically close regions and between regions characterized 

by similar technological properties. Aldieri and Cincera (2007) use an extended production 

function to take into account R&D spillover components, besides traditional inputs and own 

R&D capital stock. In this way they investigate the extent to which R&D spillovers effects are 

intensified by both geographic and technological proximities between spillover generating and 

receiving firms. The results, estimated by means of a panel data econometric method (system-

GMM) indicate a positive and significant impact of both types of R&D spillovers on productivity 

performance for large international firms.        

 

 

 

Concerning the papers based on a knowledge production function, many studies analyse the 

relationship between the patents and the determinants of the innovation process. Pakes and 

Griliches (1984), Hausmann et al. (1984), Blundell, Griffith and Windmeijer (2002) use current 

and past values of R&D expenditures as well as a time trend as determinants of the innovation 

process on American firms. Cincera (1997) takes into account technological and geographical 

opportunities as additional determinants of the innovation process. He finds three main 

outcomes: first, a high sensitivity of the results to the specification of the patent distribution; 

second, a GMM panel data method leads to a decreasing returns to scale in the technological 

activity; finally, from the analysis, he obtains a positive impact of technological spillovers on 

firms’ own innovations. Crépon and Duguet (1997) introduce dummy variables and find a non 

linear effect of past patenting on the current innovation activities. Eaton and Kortum (1996, 

1999) identify knowledge flows through cross country patenting and find that spillovers decline 

with geographical distance. Jaffe (1986) considers some technological dummies and a pool of 

international spillovers in the specification of the knowledge production function, finding that 

the distance is relevant for the spillovers. He uses the firms’ patent distribution in a technological 

space as a weighting matrix. Branstetter (2001) follows a similar procedure to estimate the effects 

of domestic and foreign R&D spillovers for American and Japanese firms. He picks up a higher 

national impact than an international one.   
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According to Jaffe et al. (1993), patent citations can be taken as a paper trail of knowledge flows: 

a reference to a previous patent indicates that the knowledge of that patent was in some way 

useful for developing the new knowledge described in the citing patent. For this reason, citations 

provide the opportunity to avoid measuring proximity and look directly at the process of 

knowledge diffusion. Maurseth and Verspagen (2002) use citations by European patents to 

obtain estimates of knowledge flows across European regions. The results indicate that 

geographical distance has a negative impact on knowledge flows and that this impact is 

substantial. They find knowledge flows to be larger within countries than between regions located 

in separate countries, as well as within regions sharing the same language. Their results also 

indicate that knowledge flows are industry specific and that regions’ technological specialisation is 

an important determinant for their technological attraction as spillovers producers or receivers. 

Peri (2003), using NBER patent and citations data (Hall et al., 2001), does a similar exercise and 

then uses the obtained estimates to build a measure of accessible external R&D and determines 

the impact of spillovers within and across regions. He finds that only fifteen percent of average 

knowledge is learned outside the region of origin and only nine percent outside the country of 

origin. However, his results suggest that knowledge in highly technological sectors and 

knowledge generated by technological leaders flow substantially farther. Bottazzi and Peri (2003) 

use European patents and R&D data to estimate a knowledge production function on a cross-

section of European regions. They use a measure of proximity based on the geographical distance 

to weight R&D external to a region and find that spillovers are localised and exist only within a 

distance of 300 km. Finally, Griffith, Lee and Van Reenen (2007) examine the “home bias” of 

international knowledge spillovers measured as the speed of patent citations. In particular, they 

implement an estimator controlling for correlated fixed effects and censoring in duration models, 

by using USPTO patent citations data. They find that home bias declines substantially when we 

control for fixed effects.  

 

 

 

As emphasized in Jaffe et al. (1993), the relevance of localization for knowledge flows identified 

by patent citations may depend on a pre-existing pattern of geographic concentration of 

technologically related activities. For this reason, they construct a ‘control’ sample, where for 

each citing patent, all patents, in the same patent class and the same application year, are selected. 

They exclude only other patents that cite the same originating patent. Through this control 
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sample, they are able to test for the hypothesis whether the geographic matching frequency, 

between the citations and originating patents, is significantly greater than the geographic 

matching frequency, between the controls and originating patents. They find the localization 

effects of spillovers even after controlling for timing and technology.  

Furthermore, in order to pick up widely the geographical and technological effects of spillovers 

from patent citations, it is necessary to take into account some relevant variables reflecting the 

patent quality or characteristics. In particular, Cincera (2008) considers several variables to 

identify the economic value of the patents, such as the number of given citations, the number of 

received citations, the number of European countries where the patents are protected, a dummy 

variable indicating whether the patent is official only in Europe or also in America and Japan or 

in all the world, and the number of claims. He takes into account the Herfindal index for the 

concentration of technological activities. This information is relevant in the innovation analysis, 

since we expect that the sectors characterized by higher Herfindal index could experiment higher 

number of citations.  

 

The main contribution of this paper is to implement an empirical model where we estimate the 

effects of technological and geographical proximities on the citation probability in such a manner 

that we can distinguish whether these effects are conditionated on a citation link or are due to 

sectoral characteristics. 
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3. Description of Data and Variables. 

 

We have used information from Hall et al. (2001) Patent Citations Data File, which is widely used 

in the empirical analysis of knowledge spillovers. It refers to all patents taken out at the United 

States Patent Office (USPTO), while the assignees and inventors may be located anywhere in the 

world. We have selected 808 International firms from the Worldscope/Disclosure database1 and 

matched their names to the patents’ assignees. In particular, our sample is composed by 116 

European, 227 Japanese and 465 US firms. A major task in assembling the dataset has been the 

matching of patents from the Hall et al. (2001) data with firms considered. Two difficulties have 

been encountered. First, patents are assigned to firms on the basis of their names which can vary 

from one data source to the other, e.g. ‘Co’ instead of ‘Corporation’, ‘Incorporated’ or ‘Inc’ and 

other such changes or abbreviations. Second, many large firms have several subsidiaries in several 

countries and it is not obvious to link the patents applied by these subsidiaries to the parent 

company. Ideally, one has to get a ‘mapping’ of the main firms to their subsidiaries and affiliates. 

However, it is not easy to construct an accurate mapping, since it changes over time through the 

process of merger and acquisition. 

 

Figure 1 gives an indication of the citations by patents for the countries in the sample. 

 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
1 See Cincera (1998) for a detailed description of this database. 
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 Figure 1.  Sample distribution of the citations by patents 
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The USA is the country with the highest number of citations by patents. 

 

As far as the technological proximity is concerned, we have followed the methodology developed 

by Jaffe (1986). This procedure rests in the construction of a technological vector for each firm 

based on the distribution of its patents across technology classes2. These vectors allow one to 

locate firms into a multi-dimensional technological space where technological proximities 

between firms are performed as the uncentered correlation coefficient between the 

corresponding technology vectors: 
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2 Thanks to the USPTO patent classification system, it is possible to identify the technological classes to which 
patents are assigned. In order to construct the technological proximity measures, we have used the higher level 
classification proposed by Hall et al. (2001) which consists of 36 two-digit technological categories. 
The technological sub-categories are further aggregated into 6 main categories : Chemical, Computers and 
Communications, Drugs and Medical, Electrical and Electronics, Mechanical and Others. 
“Others” field includes: Agriculture, Husbandry, Food, Amusement Devices, Apparel & Textiles, Earth Working & 
Wells, Furniture, House Fixtures, Heating, Pipe & Joints, Receptacles 
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where: Ti. is the technological vector of the firm i and  

           Pij is the technological proximity between firm i and j. 

 

 

For the geographical distance, we have used the latitude and the longitude coordinates of the 

cities where the firms are located. Assuming a spherical earth of actual earth volume, the arc 

distance in miles between any two firms i and j can be performed according to the Haversine 

formula: 

 

 ( ) ( ) ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
++⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
=

2
2sincoscos

2
2sinarcsin*959.3*2

ilonjlon
ilatjlat

ilatjlat
ijd  (2) 

 

where:  3.959 is the radius of the earth in miles and latitude and longitude values are in radians 

(Orlando, 2000). 

 

To test for the hypothesis whether the localization effects of spillovers are conditioned on a 

citation link, we have followed the strategy as in Jaffe et al. (1993). In particular, we need to 

compare the probability of a patent matching the originating patent by geographic area, 

conditional on its citing the originating patent, with the probability of a match not conditionated 

on the existence of a citation link. To this end, for each citing patent, we have identified all 

patents in the same technological class with the same application year and we have excluded any 

other patents that have cited the same originating patent. In this way, we have selected a ‘control’ 

sample with the same technological and temporal profile as the ‘citation’ sample but without the 

citation link. Then, we have used a dummy variable (FC) which takes the value one if the 

geographic localization of the control patent has matched that of the originating one.  

 

In order to take into account the concentration degree in the sectors analysed, we have used as 

additional explanatory variable an Herfindal index, as in Cincera (2008): 
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where msjk are % of patents of firm j in technological class k (k=1...6) over total of patents of 

firm j. 

 

 

Table 1 shows the summary statistics of our sample.  

 

 

 

 

Table 1. Summary Statistics 

Variable Mean Std. Dev. Min Max 
Cij 7.71 1.103 0 15 
FC 0.35 0.112 0 1 
Hj 0.74 0.332 0 1 
Pij 0.47 0.234 0 1 
Dij 5.265 2.176 1.82 12.35 
lpp 16.18 1.969 11.21 25.36 

Notes: 652,056 observations. 
 

 

Table 2 reports the knowledge flows in percentage measured by the citations, for all countries in 

the sample, and their relative weights. In particular, the percentages in the table refer to the share 

of citations from the citing country directed towards the cited countries (i.e. row sums are equal 

to 1). Most of the citations are to patents held by American firms. The self citations takes into 

account the citations to own patents (knowledge internal to the firm). The higher the average 

number of self citations in a sector, the more firms innovating within such sector build upon 

internal knowledge in generating new ideas.  

 

Table 2. Matrix of knowledge flows in percentage across countries based on citation data  
               as average among the firms. 
 

 eu3 jap usa self tot. 
eu4 0.10 0.14 0.36 0.40 1.00 
jap 0.05 0.32 0.35 0.27 1.00 
usa 0.05 0.13 0.37 0.44 1.00 

 

 

                                                 
3 Cited country. 
4 Citing country. 
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4. Econometric Modelling Strategy. 

 

We have computed a 808x808 firm-by-firm citation matrix, with rows indicating spillovers 

received (citing patents) and columns indicating spillovers generated (cited patents). This matrix 

will be referred to as the ‘data matrix’. Our main dependent variable consists of the number of 

patent citations.  Since  the intra-firm citations (the diagonal elements of the matrix) will be left 

out, we get 808x808-808 = 652,056 observations. 

 

The model that will be estimated is the following: 

 

Cij = f (Pij ,FC, Hj, Dij , Pi , Pj , L)   (4) 

 

In this equation, Cij is the number of citations by firm i to patents applied for by firm j , Pij  is the 

technological proximity, Dij is the geographical distance, Pi and Pj are the numer of patents of 

firm i and firm j, L is a dummy variable that is equal to one for pairs of firms localized in 

countries that share the same language, and zero otherwise, FC is a dummy variable taking value 

one if the control patent matches the same geographic localization than the originating patent, Hj 

the Herfindal index measuring the concentration degree in the sample. All variables are taken in 

natural logarithm terms to attenuate the impact of the outliers and to reduce heteroskedasticity. 

 

Citations to patents that belong to the same assignee represent transfers of knowledge that are 

mostly internalized (self-citations), while citations to patents belonging to different assignees are 

to be considered pure spillovers. Instead of entering both Pi and Pj in the equation separately, we 

choose to enter them jointly in the form of ln(Pi Pj ), denoted by lpp, as in Maurseth and 

Verspagen (2002). 

Our expectations on the signs of the coefficients to be estimated are as follows. For technological 

proximity a positive sign is expected, while for the geographic distance a negative sign coefficient 

is expected. Indeed, according to the theory, higher proximity (technological) leads to more 

spillovers and higher geographic distance affect them negatively. Because patenting is a pre-
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requisite for patent citations (and thus knowledge spillovers) to occur, a positive sign is expected 

on the variable lpp. Finally, also for L and Hj variables we expect positive sign coefficients. 

Because the citations are count data5 and are not normally distributed, OLS is not appropriate. 

In order to handle count dependent variables, the Poisson model is usually implemented. The 

Poisson regression model has been extensively used to model patents as a function of R&D 

(Hall, Hausman, Griliches, 1984).   

This model estimates the relationship between the arrival rate of patents (patent citations, in this 

case) and the independent variables. The dependent variable yit is assumed to have a Poisson 

distribution with parameter itμ  which, in turn, depends on a set of exogenous variables xit 

according to a log-linear function: 

 
itiit xβαμ +=ln        (5) 

 
where iα  captures the individual effect. 

One way to estimate this model is to run the conditional Poisson regression by maximum 

likelihood, including the dummy variables for all individuals (less one) to directly estimate the 

fixed effects. If there is not a specific interest in the fixed effects or if their number is a large 

conditional  maximum likelihood, it represents an alternative method. Conditioning on the count 

total for each individual, ∑
i

ity , it leads to a conditional likelihood proportional to: 
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   (6) 

 

which no longer includes the iα  parameters. 

 

The fixed effects Poisson regression model allows for unrestricted heterogeneity across 

individuals, but requires the mean of counts for each individual to be equal to its variance, i.e. 

ititit yVyE μ== )()( . This is an undesired feature whenever there is an additional heterogeneity 

not accounted for by the model, when the data show evidence of overdispersion. Such problem 

might be dealt with by assuming that the variable yit has a negative binomial distribution (Hall, 

Hausman, Griliches, 1984), which can be regarded as a generalisation of the Poisson distribution 

with an additional parameter allowing the variance to exceed the mean.  

                                                 
5 See Greene (1994) and Winkelmann and Zimmermann (1995) for a survey of count data models. 
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In the Hall, Hausman, Griliches (1984) negative binomial model, it is assumed that : 

itity γ/ ~ Poisson ( )itγ  and iit θγ / ~ Gamma ( iit θλ /1, ), where iθ  is the dispersion parameter 

and .ln itit xβλ =  This leads to the following density function: 
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where Γ  is the gamma function. Looking at the within-group effects only, this specification 

yields a negative binomial model for I-th individual with: 
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λθθ
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       (8) 

 

Under this model the ratio of the variance to the mean (dispersion) is constant within group and 

equal to (1+ iθ ). 

Hall, Hausman, Griliches (1984) further assume that for each individual I the yit are independent 

over time. This implies that  ∑
i

ity also has a negative binomial distribution with parameter iθ  

and ∑
t

itλ . Conditioning on the sum of counts, the resulting likelihood function for a single 

individual is  

∏
+ΓΓ
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which is free of the iθ  parameters. The likelihood of the entire sample is then obtained 

multiplying all the individual terms like in (7) and can be maximized with respect to β  the 

parameters using conventional numerical methods. 
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5. Empirical results. 

 

 

5.1.  Basic results 

 

From the inspection of Table 3, we may observe the basic empirical results concerning the 

proximities effects on knowledge flows, proxied by the number of patent citations, and we may 

compare the Negative Binomial model coefficients to those of Maurseth and Verspagen (2002). 

 

 

 

                   Table 3. Estimation results. 

 Fixed effects 

Poisson 

(this paper) 

Negative 

Binomial 

regression (this 

paper). 

Negative 

Binomial 

regression 

(Maurseth and 

Verspagen 

(2002)). 

 

FC 

Hj 

Pij 

Dij 

Lpp 

L 

 

 

 

0.14 (0.008)* 

0.03 (0.001)* 

2.14 (0.096)* 

-0.05 (0.027)* 

0.96 (0.021)* 

0.39 (0.073)* 

 

 

0.11 (0.007)* 

0.04 (0.002)* 

2.31 (0.101)* 

-0.08 (0.029)* 

1.01 (0.022)* 

0.47 (0.083)* 

 

 

 

 

 

 

2.54 (0.106)* 

-0.30 (0.019)* 

0.97 (0.027)* 

0.20 (0.036)* 

 

 

 

2RPseudo −  0.67 0.72 0.94 

                                     Note: *=statistically significant at the 5 % level.  Standard errors are reported in brackets. 
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Results from different empirical studies seem to suggest that knowledge spillovers are sensitive to 

technological and geographical proximity variables, even if we control for timing, technology and 

the concentration index, the coefficient of lpp is positive as expected. The role of technological 

and geographical proximities evidenced here through the coefficients estimation has relevant 

implications for our assessment of the efficiency of concentrated market structures in knowledge 

intensive industries. The finding that the technological proximity coefficient is higher than the 

geographic proximity one leads us to prefer more concentration, in particular, on industries, 

instead of mergers between firms in a particular geographic region. 

 

This industrial process might also be used in an analysis of institutional arrangements that 

facilitate industrial convergence. Indeed, the aim of this policy is to avoid that firms without 

moderately advanced technology sectors may not take advantage of knowledge spillovers from 

more developed economies. 

 

 

 

 

5.2. Analysis of proximities effects over time 

 

Now we  can focus our attention on the relevant issue whether the proximities effects are stable 

over time.  For this aim, we have split our sample into an ‘early’ period (1975-1989) and a ‘late’ 

period (1990-1999), characterized by a similar absolute number of citations. We have estimated 

the Negative Binomial model on this two sub-periods separately. In particular, we have 

distinguished low tech and high tech sectors. The former includes: Chemical, Drugs and Medical, 

Mechanical. The latter includes: Computers and Communications, Electrical and Electronics. 

 

We might expect that geography plays a less important role as time passes in explaining the 

diffusion of knowledge, since information travels around the world at rapid speed, but there are 

sectors, such as Computers or Electronics, where the contact between individuals is fundamental 

for  the knowledge flows. This depends on the fact that all knowledge is not codified and where 

personal characteristics are intrinsic in innovations, knowledge may be transferred only by 

personal mobility. As a result, in these cases, we should expect a more persistent geographic 

effect. 
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Table 4. Estimation results 

 Negative Binomial   

1975-1989 

Negative Binomial 

1990-1997 

 

FC 

Hj 

Pij 

Dij 

Lpp 

L 

 

0.12 (0.006)* 

0.04 (0.001)* 

2.43 (0.95)* 

-0.41 (0.023)* 

0.97 (0.024)* 

0.27 (0.037)* 

 

0.13 (0.007)* 

0.03 (0.001)* 

2.37 (0.098)* 

-0.28 (0.019)* 

0.93 (0.019)* 

0.26 (0.039)* 

2RPseudo −  0.93 0.93 

 Negative Binomial 

Low tech 

1975-1989 

Negative Binomial 

Low tech 

1990-1999 

 

FC 

Hj 

Pij 

Dij 

Lpp 

L 

 

0.11 (0.005)* 

0.02 (0.001)* 

2.33 (0.098)* 

-0.43 (0.025)* 

0.93 (0.019)* 

0.21 (0.030)* 

 

0.12 (0.006)* 

0.02 (0.001)* 

2.32 (0.100)* 

-0.11 (0.018)* 

0.94 (0.028) 

0.22 (0.037)* 

2RPseudo −  0.94 0.94 

                 Negative Binomial 

High tech 

1975-1989 

Negative Binomial 

High tech 

1990-1999 

 

FC 

Hj 

Pij 

Dij 

Lpp 

L 

 

0.13 (0.006)* 

0.06 (0.003)* 

2.56 (0.102)* 

-0.36 (0.022)* 

0.97 (0.022)* 

0.23 (0.032)* 

 

0.12 (0.004)* 

0.06 (0.003)* 

2.52 (0.102)* 

-0.33 (0.022)* 

0.93 (0.026)* 

0.21 (0.037)* 

2RPseudo −  0.92 0.92 

 

From the empirical results in Table 4, we can observe that the localization effect has fallen over 

time, due to the decreasing costs of communication and travel, while technological knowledge is 

stable over time. Finally, the fall of the geographical effect is more relevant in the traditional 

sectors with respect to the modern ones. 
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6. Conclusions. 

 

In this work we have used information from US patent citations data to investigate to what 

extent the technological and the geographical proximity affect the knowledge flows, measured by 

the number of citations, between 808 large international firms. In order to compute the 

technological proximity, we have followed the methodology developed by Jaffe (1986). This 

procedure rests in the construction of a technological vector for each firm based on the 

distribution of its patents across technology classes. These vectors allow one to locate firms into 

a multi-dimensional technological space where technological proximities between firms are 

performed as the uncentered correlation coefficient between the corresponding technology 

vectors. As far as the geographic proximity is concerned, we have used the latitude and the 

longitude coordinates of the cities where the firms are located. Given the count variable nature of 

the number of patent citations, the dependent variable in the model, we have implemented 

alternative models to OLS estimator. In particular, we have performed two estimation 

procedures: Fixed Effect Poisson model and Negative Binomial model. Since it is hard to  

identify whether these effects are conditionated on a citation link or are due to sectoral 

characteristics in our sample, we have used as explanatory variables a dummy variable taking the 

value one if the geographic localization of the control patent matches that of the originating 

patent, and the Herfindal index to consider the concentration degree.  

 

The empirical results indicate that geographic distance has a negative impact on knowledge flows, 

that are also industry-specific. We have also found that the number of patent citations are 

positively sensitive to the language shared by citing and cited firms.  Therefore, the finding of this 

paper is that the technology flows are both industry-specific and confined by geography and 

language, even if we control for timing, technology and  the concentration index. Our results are 

in line with Maurseth and Verspagen (2002). 

 

Even if knowledge travels around the world at rapid speed, distance may still differ if face-to-face 

interaction is relevant in some sectors, such as high tech sectors, where the knowledge is tacit and 

hard to codify (Griffith, Lee and Van Reenen, 2007). To test for this idea, we have divided our 

sample into an “early” period (1975-1989) and a “late” period (1990-1999). In particular, we have 

identified a sample of traditional sectors (Chemical, Drugs and Medical, Mechanical) and a 

sample of high tech sectors (Computers, Electrical and Electronics).  
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From the empirical results, we have observed that the localization effect has fallen over time, due 

to the decreasing costs of communication and travel, while technological knowledge is almost 

stable over time. Finally, the fall of the geographical effect is more relevant in the traditional 

sectors with respect to the modern ones. 

 

 

Breschi and Lissoni (2004) apply a social network analysis to derive maps of social relationship 

between inventors and measures of social proximity between citing and cited patents. In this 

work, we suppose that social connectedness exists and that the ‘distance’ between citing and cited 

patents are not very extensive. But in the future, it would be interesting to investigate the social 

network of patent citations data, to delete those citations characterized by the absence of social 

connectedness with respect to other patents in the database, and to analyse how this procedure 

affects the final econometric results. Furthermore, it would be interesting to replicate this analysis 

by using both the EPO and USPTO Patent data. 
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