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Scientific publications and patenting by  
companies: a study of the whole population of 

Canadian firms over 25 years  

Éric Archambault and Vincent Larivière 

There is ev idence in th e literature that technological invention s have an incr easing connectio n to  
scientific knowledge. This raises two related questions: (1) Are firms increasingly conducting scientific 
basic research? (2) Is being at the scientific forefront help ing firms to  be closer to the technolo gical 
frontier? This paper examines scientific outpu t, as measured b y numbers of papers, and technolog ical 
output, as measured by patents granted to all Can adian firms, during the 1980 to 2 005 period. Though 
the number of firms publishing papers  and obtaining patents is increas ing, s cientific res earch and 
patenting b y C anadian firms are at near ‘home opathic’ levels. Firms that both publish papers and  
obtain patents (1) perform research that is more basic than firms that only publish scientific papers; (2) 
publish in more highly  cited jo urnals than firm s that onl y perf orm scientific r esearch; (3) publish 
papers that are more highly cited; and 4) hold patents that are more frequently cited. 

HERE IS, according to N arin et al. (1997), a 
growing link in the USA b etween technology 
and public science. Techn ological inve ntions 

have strong connections with scientific knowledge,  
as exemplified by the increasing num ber of citations 
to scientific papers in the prior art sections of grant-
ed patents. If the trend is for enterprise s to increas-
ingly cite science in their research, two questions are 
raised: 

1. Are firms increasingly conducting scientific 
(and more basic) research? 

2. Are firms conducting scientific research also 
obtaining intellectual property protection in 
the form of patents? 

While there is an abundant literature o n why  firm s 
apply for patents, the literature on why the y perform 
scientific research and why they  publish their results 
is thinner. There is a wide consensus that firms want 
to obtain patents in order to help secure a monopoly 
position, which is subseq uently translated into eco-
nomic benefits. A corollary  would be t hat firms are 
reluctant to publish their results bec ause placing 
their knowledge into the public domain denies them 
a monopoly over this kn owledge, and results in a 
subsequent loss of economic competitiveness. The 
literature has proposed several reasons for this ap-
parent anomaly . Regardless of the pre cise rea sons 
for conducting basic resear ch, firms must be expect-
ing an economic return of so me sort, most likely 
from increased competitiveness. These i mportant is-
sues are examined in this paper through a systematic 
investigation of the publ ished papers and patents 
granted to th e whole population of Canadian firms 
between 1980 and 2005. 

The first par t of the paper succinctly  exa mines 
why firm s would be perform ing basic scientific  
research and publishing t heir results. The second  
part describes the methods, the third presents the  
results of this stud y, a nd the fourt h part is a  
discussion. 
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Why do firms perform basic research? 

The link between science and technolog y (S&T) in  
private firms became institutionalised i n the second 
half of the 19th century , most notably when German 
firms in the aniline dye industry started to systemati-
cally hire un iversity-trained chem ists (Beer, 1958). 
Despite the long-standing debate on the precise  
interactions between S&T,1 and the worthy contribu-
tions still being made today on this subj ect,2 it is un-
disputed that  the m odern industrial fab ric would be 
entirely different if it were not for  the  employment 
by industry of university graduates who engage in a 
wide range of scientific activity, ranging from highly 
applied and goal-oriented resear ch, to a dvanced and 
basic research. 

Although t he reasons for performing applied re-
search, and R&D more generally, have been ex-
plored at gre at length b y economists and historians  
of S&T, rel atively less attention has been given to 
why firms perform basic scientific research. As Ros-
enberg (1990) notes, there appear to be major disin-
centives to perfor ming basic res earch for firms. The 
first is the i mperfect ‘appropriability’ of science and 
the related fact that soci al returns are significantly 
higher than private returns (Nelson, 1959). For i n-
stance, the disclosure of resea rch resu lts by  firms  
through peer-reviewed scie ntific publi cations in-
creases soci al returns but at the expense of private  
returns. 

Rosenberg proposes seve ral rea sons a s to why 
firms fund and perform basic research. The first is to 
gain first-mover advantage: despite imperfect appro-
priability, being first to start the learning curves pro-
vides opport unities to create barriers to entr y for  
followers. The application of results  fr om basic  re-
search and s ecuring of patent protection allows the 
downstream market position to be cons olidated. The 

second reason is that it is ge nerally large firm s that 
engage in basic res earch, and the y can be confident 
that the findings will be put to good commercial use 
across a diverse range of products and  commercial 
networks. Another factor th at should b e considered  
is the unexpected and unplanned aspect of firms’ ac-
tivities. Indeed, while perform ing more applied re-
search, they m ight m ake basic discoveries. For  
example, there was certainly a degree o f serendipity 
in the discoveries of Louis Pasteur, wh o opened the  
door t o t he modern science of bacteriolog y, and  of 
Karl Jansky’s discover y of cosmic background radi-
ation, which he made while working for the Bell   
Laboratories, trying to ide ntify the cause of static in 
transatlantic radiotelephone services. 

One of the most powerful reasons for conductin g 
scientific re search is that it allows entry  i nto i nfor-
mation networks. This serves two functions. First, as 
Von Hippel (1987) pointed out in the case of collab-
oration between rivals, to obtain information from a 
network, it is neces sary to be a contributor to the  
work of the network (see also Harhoff et al., 2003). 
Second, firms need to perfo rm basic r esearch to be 
able to absorb the knowledge that resides on the not-
so-freely-available ‘information shelf’. For instance, 
‘a firm is much less likely to benefit from university 
research unless it also performs some basic research’ 
(Rosenberg, 1990: 1 71; Mowery, 19 83, Furukaw a 
and Goto, 2006). 

Rosenberg also suggested that firms often perform 
basic research in order to give them a better under-
standing of how and where to conduct research of a 
more applied  nature. In addition, conducting basic 
research allows the m to m onitor and evaluate re-
search conducted elsewhere. Finall y, a nd it shoul d 
be noted that this may apply more specifically to the 
USA given the weight of its m ilitary–industrial 
complex, Rosenberg suggests that fir ms perfor m 
basic research in order to increase their visibility and 
eligibility for military procurement contracts. 

Why, then, would firms divulge the results 
of their research? 

One interesting h ypothesis as to why  firm s publish 
the results of their scientific rese arch is  that if the y 
encounter a research bottleneck, they may be keen to 
signal to the wider rese arch community that a scien-
tific problem is currently unsolved.3 This would help 
bring attenti on to the pr oblem and to collectively 
find a solution. Another hypothesis is that firm s that 
are behind in the patent ra ce publish papers in order 
to change the prior art in t he hope of sl owing down 
competitors (see e.g. Bar, 2006). Alternatively, firms 
sometimes publish the results of their scientific re-
search when in the course of it they make serendipi-
tous discoveries. These discoveries may appear to 
firms as bei ng too big to be kept secret; the  
knowledge created would confer much lower eco-
nomic returns than the longer-term positive effects 
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of adding to their reputation. The important aspect of 
this suggestion is that firm s will trade t he short-term 
gains potentially  associated with proprietary  knowl-
edge against the gains to  be achieved from  improv-
ing their reputation. Muller and Pénin’s (2006) work 
supports this explanation. 

For Muller and Pénin, fir ms that openly  disclose 
knowledge are motivated by concerns related to rep-
utation, and the benefits of having t he reputation of  
being an innovator are huge. For Muller and Pénin, a 
good reputati on can facilitate access to financing,  
grants and subsidies, and help to win contracts. It 
can play  an im portant role  in increasing innovative  
capability by enabling firms to attract the best  re-
searchers and find excelle nt partners w ith whom to  
collaborate on R&D projects. An excel lent reputa-
tion and being at the for efront of science may, as  
Rosenberg, and Muller and Pénin sugg ested, make 
them attra ctive to the best acade mic a nd industrial 
partners and, we may add, government scientists. 

Thus, firms t hat perform basic scientific research 
might do so partly for internal reasons , such as in-
creasing their stock of knowledge, which will allow 
them to develop their own products, bu t might also  
do it to orie nt their m ore applied research, under-
stand what their com petitors are doing and give  
them the cap ability to abs orb knowledge generated 
elsewhere. When they  o penly disclose knowledge, 
through scien tific publicati on, t hey do so, in  m any 
instances, to improve reputation and, over a longer 
time period, to gain economic and technological ad-
vantages. In this context, it is relevant to exam ine 
whether firms at the  forefront of science a re also at  
the technolo gical frontier, since this would len d  
credence to the idea that perform ing s cientific re-
search increases competitiveness through the m edia-
tion of complex processes, such as  deriving benefits 
from an increase in reputation. 

Methods 

A nu mber o f indicators are us ed in this paper to 
measure the scientific and technological im pact of 
research. A widely used measure of the scientific  
impact of re search i s the  num ber of citations re-
ceived in subsequent pap ers (Garfield, 1979).  This 
paper uses citation counts to examine whether 
firms are located at the scientific for efront. More 
specifically, it uses a variant of citation counts  
termed the  average of relative cit ations (ARC),  
which reflect s the fact tha t citation patterns are dif-
ferent in each field and subfield — for exam ple, 
there are more references per paper in biomedical re-
search than in mathematics. The ARC is obtained by 
dividing the num ber of citations receiv ed by  each 
paper by the average number of citations received by 
papers in its particular subfield for the same publica-
tion y ear (RC).4 The AR C of a give n entity  was 
computed using the average RC for  each paper  
belonging to it. 

The present paper also uses the journal i mpact 
factor produced b y Thomson Scientific as it can be 
seen as an indicator of the  prestige of journals in the  
scientific community: the more a journal is cited, 
the more prestigious the journal is. Despite its well-
known lim itations (see e.g. Archam bault and  
Larivière, 2009; Vinkler, 2004), the jo urnal im pact 
factor is a useful metrics to determine whether firms 
can be s een to derive so me prestige fro m the publi-
cation of scientific research activities. This paper us-
es a variant of the im pact factor (IF) ter med the  
average relative impact factor (ARIF). This indicator 
is preferred to raw citation count for the same reason 
that the ARC metrics is preferred to use a simple av-
erage of impact factor (i.e. interfield variations in ci-
tation patterns). The ARIF of a given entity  was 
computed using the average RIF for each paper be-
longing to it. When the ARC, or the ARIF, is above 
1, it means that an entity (e.g. a country, a firm) 
scores better than the worl d average; when it is be-
low 1, an entity publishes papers that are not cited as 
often as the world average or are not published i n 
journals that are cited a s often as the av erage of sci-
entific papers considering the specialti es of each pa-
per (logarithmic transformations are sometimes used 
in this paper, in which case the baseline becomes 0). 

In this paper, firm s ar e c onsidered to be in the 
forefront of science if thei r ARC is above 1. This is 
a fair as sumption because the ARC val ue is greatly 
dependent on the scientific resea rch performed in 
universities, and the performance of basic research is 
the raison d’être of universities. If firms have an ag-
gregate ARC above the world average, then clearly 
they are making im portant scientific contribut ions. 
Second, firms are expect ed to be increasing their  
prestige and thus im prove their reputation if the y 
publish in pr estigious journals, that is, if the ARIF  
value of their  publications is above 1. A gain, this is 
a fair as sumption because the IF of m ost journals is 
to a large extent determ ined by the quality of t he 
scientific research published by  university  research-
ers whose primary  output is knowledge published in  
scientific journals. 

Another indicator that is used in t his paper is the 
‘research level’  (see Nari n et al., 1976; Pinski an d 
Narin, 1976), which distinguishes between four lev-
els r anging from applied (l evel 1) to ba sic r esearch 
(level 4). This journal-level score was determined by 
Narin’s tea m at C HI R esearch (now the Patent  
Board). Here,  for each paper by  a firm , a score was  
calculated by matching the degree of appliedness of 
the journal in which the article was published. This 
is useful to exa mine whet her fir ms ar e merely per-
forming very applied research or if on the contrary 
they appear to be publishing the result of basic sci-
entific research. 

Counting citations to patents in the prior art sec-
tions of subsequent patents is a potent metrics that 
can be used to determ ine their technolo gical signifi-
cance ( Albert et al., 1991 ; Hall  et al., 2000; Jaffe  
and Trajtenberg, 2002). For each patent owned by a 
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firm over the period unde r study, its citations fro m 
subsequent patents were com piled to pr oduce an i n-
dicator of t he technological im pact of resear ch con-
ducted in i ndustry. Here it is assu med that, 
aggregately, the more highly  cited patents are, the  
closer they  are to the technolo gical frontier. In a 
manner similar to the use of ARC to relativise cita-
tions to pape rs published in varied fields, each pa-
tent’s citation is relativised by  the average nu mber 
of citations received by patents of the same US tech-
nological class and y ear of issuance (p atent average 
of relative citations, PARC). When thi s indicator is 
above 1, it means that p atents fro m a given entity 
have receive d m ore cit ations in other patents than 
patents of the sa me tech nological class and y ear. 
When PARC is below 1, it means the opposite. 

This paper uses data  fr om the US Patent and 
Trademark Office (USP TO) database and fro m 
Thomson Scientific’s Scie nce Citation Index (SCI). 
Several months of work  were required to create and 
extensively harmonise and  clean a data set co mpris-
ing the whole population of Canadian firms that had 
obtained at l east one patent or published one paper  
over the 19 80–2005 period. Canadian firms were 
identified by the presence of a Canadian address in a 
paper or in the assignee f ield of a patent. Com pany 

names w ere standardised, which w as a so mewhat 
challenging exercise, since this project drew on data  
from two ent irely separate databases. This was nev-
ertheless essential to examine the co nnection be-
tween scientific and technological activities. 

As is the case with all da tasets, the ones under-
pinning this paper have some lim itations. The m ain 
one is that, while numbers of scientific publications 
written by  i ndustrial researchers in Canada are a 
good m easure of scientific output, patents may un-
derestimate the output of Canadian technological re-
search sinc e they  do not necess arily measure the  
place wher e invention took place; they identify  the 
location where the intellectual property  (IP) is held  
(see Ar chambault, 2002, for a distinct ion between  
these two dimensions of patents). Another limitation 
of the dataset  used in the present research is the fact 
that patents o wned by independent Canadian inven-
tors are not considered to be firms’ patents although, 
in som e c ases, the inventors are the fir ms’ owners 
(see Amesse et al., 1991). 

The Canadian business enterprise R&D 
landscape as viewed by output indicators 

Our data reveal (Figure 1) that there is approximate-
ly the same proporti on of firms that publish scien-
tific papers but do n ot hold patents (84 %) as firms 
that hold patents but do not pu blish ( 87%). Of the 
group of firms that publish ed one paper or obtained  
one patent, only 8% both published and patented. In-
terestingly, firms that both obtained patents and pub-
lished peer-reviewed pap ers had an average of 16 
papers and 17 patents, which suggests that this pop-
ulation comprises a substantial number of large 
firms. By  com parison, firm s that only  p ublished 
produced onl y 4 .4 papers on average, while firms 
that held patents but did n ot publish ha d 2.4 patents 
on average. 

 
While numbers of scientific 
publications written by industrial 
researchers in Canada are a good 
measure of scientific output, patents 
may underestimate the output of 
Canadian technological research 

  

5,891 firms 
14,080 patents 

902 firms 
20,679 papers 
15,549 patents 

4,683 firms 
14,303 papers 

Science 
5,585 firms 

34,287 papers 

Technology 
6,793 firms 

29,554 patents 

Figure 1. Venn diagram of scientific and technological output of Canadian firms, 1980–2005 
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Table 1 shows that in co ntrast to the i mportance 
given to the knowledge economy discourse, Canadi-
an firm s on the whole have not entered or are far 
from having entered this paradigm . Overall, there 
were about 1 m illion Canadian firms in existence at 
any time during the last ten years. Only 1% of Cana-
dian firms reportedly performed R&D in this period. 
Moreover, only some 0.1% of firms that were in ex-
istence in any one year published a paper or obtained 
a patent duri ng t hat year. The percentage of firm s 
that both published and obtained a patent during any 
year was 0.01% of the fir ms in e xistence. This  
shows that th e concentrati on of fir ms t hat are  both 
publishing p apers and obtaining paten ts is nearing 
‘homeopathic’ concentrations. Hence, it is extremely 
rare, at lea st in the Canadian context, to see fir ms 
both visibly conducting basic scientific research and  
obtaining IP protection. 

Despite these small numbers, the number of firms 
with a scientific or technological output grew signif-
icantly over the period studied. More precisely , 
while in 19 83 only 0.07% of the 7 52,700 Canadian 
companies h ad a bibliographically  m easurable out-
put (paper or  patent), this share grew to 0.15%  in  
2003. For firms that had both patents and papers, the 
concentration among firms reputed to p erform R&D 
grew fro m 0.5%  to 0.9%  — a significant increase, 
but a percentage that confi rms that this phenom enon 
is rare. It al so raises the  question of whether the 
rules used in Canada to declare that firm s conduct 
R&D adequately reflect reality or provide a sm oke-
screen for the Canadian Government to subsidise 
firms with tax breaks. 

If one considers only  Canadian firm s that are re-
portedly active in R&D as the denominator, the rela-
tive importance of Canadian  firms with one or both 
types of output is much higher and increased  fro m 
9% of firms in 1994 to 12% in 2002. The proportion 
of firm s that reportedly  performed R&D but onl y 

published papers grew slightl y, from 5% in 19 94 to 
6% in 2002. Similarly, the  proportion of firms per-
forming R&D that obtained patents grew from 5% in 
1994 to 7%  in 2002. This shows that using onl y ei-
ther papers or patents as indicators of activities for 
firms reportedl y perform ing R&D is not sufficient 
since, even in the best case (when both indicators are 
considered), for 88%  of firms no such out put is  
measured ov er a 25- year period. Thus, for m ost 
firms claiming to perform R&D, there i s necessarily 
an important part that is submerged below the line of 
sight provi ded by  traditional bibliom etric and tech-
nometric measures and it is therefore cle ar that other 
innovation indicators are required to ex amine indus-
trial dynamics as a whole, or that a stricter definition 
of R&D is needed. 

Canadian firms that publish 

In the 1980–2005 period, 5,600 firms with a Cana-
dian address published at least one peer-reviewed 
paper indexed in the SCI database. Interestingly, 
we found that the number of firms that published 
scientific papers increased at a 4.2% compound an-
nual growth rate (CAGR), whereas the number of 
papers published by the same set of firms increased 
much more slowly at a CAGR of only 2.7% (Fig-
ure 2).5 There are two corollary consequences to 
these trends: (1) there is a diversification of firms 
that publish papers; and (2)  there is a diminishing 
average number of publications per firm. A detailed 
analysis of the data reveals that three institutions 
were largely responsible for the observed decrease 
in the average number of papers per firm. The pub-
lications output of Atomic Energy of Canada Lim-
ited and Hydro-Ontario, both of which traditionally 
published on nuclear technology, radically de-
creased over the years. Also, the publications  

Table 1. Number of Canadian firms in the science and technology landscape

Year Canadian  
firms 

Canadian firms active 
in R&D 

Firms publishing 
papers 

Firms holding  
US patents 

Firms with both papers 
and patents 

1994 918,000 11,132 520 560 59 

1995 923,000 10,771 540 575 67 

1996 925,200 9,805 619 595 64 

1997 945,000 9,649 631 644 77 

1998 957,900 9,784 682 771 83 

1999 970,200 9,967 760 779 95 

2000 980,800 10,849 747 787 106 

2001 991,500 12,087 782 857 98 

2002 1,003,000 12,272 782 854 115 

2003 1,018,900 - 801 810 124 

2004 - - 812 831 106 

2005 - - 818 775 118 

Note:  Data on the number of Canadian firms active in R&D are from Schellings (2005); data on the global number of firms in Canada 
are from Kanagarajah (2006) 
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output of the Canadian subsidiary of Xerox also 
fell significantly. When these three organisations 
are removed from the dataset, the number of papers 
per institution becomes more stable. 

Canadian firms that hold US patents 

Figure 3 shows that the number of Canadian firms that 
were granted at least one US patent had a 4.3% 
CAGR, and that the number of patents grew even 
faster for firms with a CAGR of 5.8%.6 The shape of 
the distribution for those with a CAGR of 5.8% is not 
exponential over the whole time period; it loosely fol-
lows an S-shaped curve. The number of patents grant-
ed to Canadian firms grew steadily between 1980 and 
1997 and, similar to the trend for number of patents 
granted by the USPTO overall, peaked between 1998 
and 2001, after which it reached a steady state before 

it declined notably in 2005. Figure 3 shows that the 
number of firms obtaining patents increased steadily 
across the whole period. Overall, the number of  
patents per firm fell slightly between 1980 and 1997 
but subsequently increased at quite a rapid rate. 

Firms that hold patents and publish papers 

Combining the data on scientific publi shing and  on 
patenting produces original results as this type of ev-
idence has r arely if ever been obtained for all fir ms 
in a country over such a long tim e period. When ex-
amining firms that both publish papers and obtain  
patents, we see that a greater num ber of papers were 
written (approxim ately 20,700) t han patents were 
granted (approximately 15,500). These data confir m 
the findings of other writers (see e.g. Hicks, 1995;  
Godin, 199 6) that publishing b y fi rms is an   

Figure 2. Number of papers and number of firms that publish, 1980–2005 

Figure 3. Number of patents and number of firms that hold patents, 1980–2005 
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important activit y, and ou r data show that in the 
population of Canadian firms, publishing and patent-
ing are almost equally frequent. 

Figure 4 shows that the num ber of firms that pub-
lish and also receive patents in any  given year grew 
threefold between 1980 and 2005. It  shows that  
the num ber o f papers produced by  these fir ms w as 
traditionally greater than the num ber of patents ob-
tained. However, due to a phase started in 1999 rec-
ognisable b y a marked increase in th e num ber of 
patents recei ved by Canadian firms and a fairly 
smooth decline of papers published, t he num ber of 
granted patents eventually overto ok t he num ber of  
published papers. Over the whole period, for  firm s 
publishing papers and receiving patents,  the nu mber 
of papers grew slightly more than twofold, while the 
number of patents granted to t his gro up of firm s  
increased about fivefold. 

The suggestion that firm s that are active in scien-
tific publications and patenting are large is supported 
by the fact that 43%  of  the publish ed outp ut is   

produced by firms that both pu blish papers and ob-
tain IP protection, although these represent onl y 
17% of the firms that published scientific papers 
during the period. Likewise, 51%  of patents are ob-
tained by  firms that publish and pate nt, and these 
represent a mere 13% of Canadian firms  that hold a 
US patent granted during the period. When four out-
liers (Merck Frosst, Nortel Networks, Xerox and Al-
can) are re moved, the data show that there is a very  
weak correlation at the firm  level betw een the num -
ber of paper s published over the per iod and  the 
number of patents held (r2 = 0.09). 

Are firms at the scientific forefront also at the  
technological frontier? 

Using an indicator that shows whether journals pub-
lish basic or applied resea rch, Figure 5 shows that 
firms that pu blish papers and obtain  patents have a 
tendency to perform more basic research (p < 0.001) 
than those th at only publish. This is not an entirely 

Figure 4. Numbers of papers and patents and number of firms, 1980–2005 

Figure 5. Research level of Canadian firms, 1980–2005 
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intuitive result. It m ight have been expected that 
firms that only  p ublish w ould perform more basic 
research than those that publish and also patent. The 
observation that firms that publish scientific research 
and obtain patents appear to perform  more basic re-
search than fi rms that only publish m ay be a reflec-
tion of firm  size. A s w e have seen, fi rms that both 
publish and patent are more active in  publications 
and in patenting than firm s that only publish or only 
patent, which is likel y a  reflection of their larger 
size. 

Figure 6 shows that firms that both publish papers 
and hold patents were traditionally cited much more 
frequently th an firm s that onl y published papers. 
Similarly, Figure 7 shows that firms that both  
publish paper s and hold p atents publish in jour nals 
that are more frequently  cited than fir ms that only 
publish papers (t-test on the aggregate y early figures 
shows that p < 0.001). This is interesting since it 

might have been expected that firms that concentrate 
on publishing articles would produce higher-quality 
output t han firms that were also involved in the  
technological side. Thus, these data show that, at the 
macro level, firms that publish and pat ent are closer 
to the scientific forefront than those that onl y pub-
lish. Importantly, the evidence shows t his is chang-
ing and firms that only  published during these y ears 
are increasingly producing an outp ut of high q uality 
and, in the latest y ear st udied, this output is cited  
more than world average — which is shown by in-
creasing levels of citations and a trend towards pub-
lishing in more highly cited journals. 

Figure 8 shows that pate nts held by firms that 
both publish and patent have, over the entire period , 
a significantly higher technological impact (1.11 vs. 
1.05, p < 0.0 01) than patents owned by  firm s that 
hold patents but that do not publish scientific papers. 
This shows that technological research undertaken in 

Figure 6. Average of relative citations of Canadian firms, 1980–2005 

Figure 7. Average of relative impact factors of Canadian firms, 1980–2005 
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firms a ctive in both sphe res of activities is more 
likely to be at the technol ogical frontier than that of  
firms only active in technological research. 

Discussion and conclusion 

The present paper described scientific output meas-
ured by papers and technological output as measured 
by patents for Canadian firm s between 1980 and  
2005. The whole pop ulation of firm s that published  
at least one paper indexed in SCI during this period 
and all firm s that held at least one pa tent granted  
by the USPTO during the period were included. This 
study clearly  shows that the nu mber of fir ms  
performing scientific re search is incr easing regular-
ly. In Canada, the num ber of firms with a measured 
scientific output is growin g at 4.2% per annum. The 
growth in number of firms obtaining a US patent in-
creased at e ssentially the same rat e (4.3% per an-
num) between 1980 and 2 005. Therefore, our results 
confirm the increasing role played by science and by 
technology in corporate development. 

This paper suggests that it might be more common 
for larger firms to conduct basic research and obtain 
patents — this would be expected as both require sub-
stantial investments and in many cases only longer-
term returns on investments. A cross-examination of 
the 902 Canadian firms that both patent and publish 
and the 500 Canadian firms having the largest market 
capitalisation indeed reveals that 50 firms are on both 
lists. This shows that firms obtaining patents and pub-
lishing papers are 60 times more likely than Canadian 
firms generally to be counted among the large cap 
companies. Moreover, these 50 companies had a mar-
ket capitalisation which was 3.4 times greater than the 
average of the 500 largest public firms in Canada and 
their revenues were 2.9 times larger. A very relevant 
question is whether this large size is due to their  
capacity to conduct scientific research and protect 
their IP or these firms can afford to conduct R&D be-

cause of their large means. Our data does not allow us 
to address this question but a longitudinal study that 
would examine the evolution of scientific output, IP 
protection, and market capitalisation over a long time 
period would shed light on this important matter. 

This paper suggests that althoug h there is no cor-
relation between the numbers of papers published by 
firms and the num bers of patents they  obtained, 
overall, firms that perform  scientific research and 
that actively protect their inventions: 

1. Perform research that is more basic than firms that 
only publish scientific papers, but d o n ot pro tect 
their IP with patents; 

2. Publish i n more highl y ci ted journals t han firm s 
that only perform scientific research; 

3. Publish papers that are more highly cited; and 
4. Hold patents that are more frequently cited. 

This suggests that, when  publishing papers, firms 
may trade short-term economic benefits in favour of 
establishing a reputation as leaders which would 
subsequently be translated into com petitive techno-
logical advantages. A good reputation can increas e 
innovative capabilit y by  enabling firm s to hire the 
best res earchers and find highly  capable partners 
with whom to collaborate on R&D pro jects. Having 
a good reput ation may  also facilitate financing and 
may help to win contract s and sell products and ser-
vices. The fact that firms that were active both scien-
tifically and  technologic ally p ublished in hig hly 
cited journals gives cre dence to the hy pothesis  
that firms publish their scientific result s to i mprove 
their reputation. Examining the list of firms that pub-
lished and patented, one has the i mpression that a 
substantial proportion of t hese fir ms has been sub-
ject to takeovers. In the future, exam ining how small 
firms use both patents and publication s to increase 
their value could be co nducted whil e exam ining 
takeover patterns. In partic ular, it would be interest-
ing to examine whether firms that are active in R&D 

Figure 8. Patents’ average of relative citations held by Canadian firms, 1980–2005 
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are more fr equently acquired than similar fir ms. It 
would also be interesting to see if these firms have a 
different mortality rate. 

Our res earch also reve als that there ar e two pro-
files of biblio graphic output among Canadian firms, 
each one com prising about the sa me num ber of 
firms. So me firm s have a more scien tific profile, 
while others have a m ore technological fingerprint. 
It is noteworthy  that there is little overlap between  
these two  types of output and, perhaps even more 
importantly, the vast majority of firms (99.85% ), 
and even those reportedly perform ing R&D (88% ), 
neither publi sh papers nor obtain patents. For the 
community of practitioners interested in the m eas-
urement of S&T, these res ults raise i mportant ques-
tions since the co mmonly used output indicators can 
measure only the tip of the iceberg. 

There are se veral aspect s that need to be consid-
ered in further rese arch on output indicators for  
enterprises: 

1. It is possible  that the m ajority of firms that are  
reportedly perform ing R&D may not engage in  
scientific or technological research, but may  
rather be engaged in de velopment work, which is 
not identified by indicators such as papers and  
patents. 

2. It would be interesting to verify  whether the dec-
laration by Canadian firms that R&D is being per-
formed is a potent mechanism for firms that  
actually conduct little real research to receive tax  
exemptions. 

3. Perhaps firms reportedly performing R&D tend to 
be largely unsuccess ful in  this activity, which 
means they produce little original knowledge that  
can be either published or patented. 

4. It may also be that the m ajority of firms reported-
ly performing R&D do not elect to pu blish or ap-
ply for patents as a result of their efforts. 

Thus, the type of data used in this paper may provide 
very useful evidence in the definition of R&D  and  
tax policies in addition t o explaining how R&D may 
increase firms’ competitiveness. 

Notes 

1. See Technology and Culture (1965), 6(4) for the papers by De 
Solla Price, and Multhauf, and commentaries by Beer and 
Condit. 

2. See, e.g. Narin and Olivastro (1992); Meyer (2000). 
3. This idea was suggested by our colleague Jean-Pierre  

Robitaille. 
4. Journals were assigned fields and subfields using the classifi-

cation used by the National Science Foundation in the Science 
and Engineering Indicators. 

5. These figures were obtained using geometric means; estimat-
ing growth using an exponential regression provides essential-
ly the same results. 

6. These figures were obtained using the geometric mean; esti-
mating growth using an exponential regression provides 
growth values of respectively 5.5% and 7.4% per annum. 
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