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 1. Introduction 

 

Despite a long history of empirical studies on corporate R&D and a rich theoretical foundation 

of joint R&D decision-making, there is little empirical research on the relationship between 

product and process R&D in combination with coordinated strategies. Most studies that 

empirically analyse the effects of coordinated strategies, for instance, in acquisitions, joint 

ventures, or alliances, refer to innovative activities in general, regardless whether these are 

focused on processes or products.1 We argue that exactly this distinction between product and 

process R&D is important to fully understand the effects of coordinated strategies that take place 

in groups of firms, as opposed to individually competing firms. If product and process 

innovations have different externalities, the internalisation of these effects via joint decision-

making may result in a different R&D portfolio than that of independently competing firms. 

 

In this paper we develop a generalized version of the model of Rosenkranz (2003) and deduct 

testable hypotheses on the basis of which we empirically analyse the level and the relative 

importance of process and product R&D in firms that belong to a group and in independently 

competing firms. The data also allow us to test for respective differences in R&D performance 

and efficiency, both, on an aggregate level and for product and process R&D separately. In 

summary, the central questions addressed in our analysis are: does the theoretical concept of 

product and process externalities find empirical support? Do firms that are part of a group invest 

relatively more in product or process R&D than independent firms? Do firms with coordinated 

strategies show a different level of aggregate R&D, performance, and efficiency? 

 

                                                 
1 Throughout this paper we define ‘acquisition’ as the consummated purchase of any kind of equity interest (minority 
or majority) in another company. In contrast to a merger we assume that both companies remain a legal entity. The 
term ‘alliance’ includes equity alliances (cross-holdings) as well as contractual alliances (non-equity) between two 
companies, while ‘joint venture’ refers to new legal entity that is funded (50:50) by two parent firms. 
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For empirical testing we use data from the first Italian Community Innovation Survey (CIS) on 

18467 firms across all manufacturing industries and size groups (over 20 employees) which cover 

the period 1990 - 1992. We construct two samples, one with independent firms and one with 

firms that consider themselves to be a member of a group. Based on the questionnaire of the 

CIS, the claim of group membership can be interpreted as the willingness to (at least partially) 

coordinate innovation strategies and decisions within organizational structures of shared decision 

control. 

 

The empirical results support the propositions of the formal analysis in various aspects. Firms 

that are part of a group do invest differently in R&D than independent firms. Our multivariate 

results show that independent firms invest less into product, process, and aggregate R&D than 

firms that are part of a group. Moreover, bivariate analyses indicate that coordinated strategies are 

associated with a higher product vs. process ratio in the R&D portfolio. However, the empirical 

results also show that independent firms are superior with regard to R&D efficiency, since 

coordinated strategies lead to a comparatively worse R&D performance. 

 

The contribution of this paper to the current state of research is threefold: first, this study 

provides some empirical support for the theoretical notion that joint R&D strategies may not 

only be influenced by efficiency aspects, but also by externalities. Second, the paper sheds some 

light on the scarcely studied relationship between product and process R&D in coordinated 

strategies. Third, the study presents empirical results on aggregate R&D performance and 

efficiency in coordinated strategies. 

 

The paper is organised as follows: Section 2 provides a literature overview. Section 3 presents the 

game theoretic model including the formulation of testable hypotheses. In Section 4 we describe 
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the sample and the variables. The econometric analysis, its results and implications are presented 

in Section 5, followed by concluding remarks in Section 6. 

 

2. Literature Review 

 

Generally, we can distinguish three strands of previous research in this area: (i) studies on product 

and process R&D in independently competing firms; (ii) studies on coordinated strategies (in 

acquisitions, joint ventures, and alliances) and aggregate R&D; and (iii) studies on product and 

process R&D and coordinated strategies in joint ventures. 

 

(i) From an individual firm’s perspective, innovation strategies often focus either on process 

innovation or on product innovation. Michael Porter (1980) argues that a firm's strategic position 

within a broad-scope market is determined by one of two fundamental options: offer the lowest 

price or differentiate your products. Although Porter (1980) considers the two strategies of cost 

reduction and differentiation to be basically incompatible, Miller and Friesen (1986a, 1986b) 

make a strong case that a firm's advantage is rarely based entirely on costs or product 

differentiation and that both dimensions ought to be modelled and studied jointly. Such a less 

polarised world suggests that there exists an optimal mix in firms’ R&D portfolio, i.e. an optimal 

level of investment in process R&D (cost reduction) and in product R&D (product 

differentiation). This notion is also widely accepted in industrial dynamics, which can be traced 

back to the seminal work of Abernathy and Utterback (1982), who introduced a technological 

life-cycle model of industries. Klepper (1996) formalizes the concept and identifies the role of 

firm innovative capabilities and size in conditioning R&D spending. A number of theoretical and 

empirical studies usefully elaborate on this concept, but without specific focus on the strategic 

interdependence or coordination of firms’ R&D strategies.2 

                                                 
2 See e.g. Agarwal and Audretsch (2001), Duranton (2000), Yin and Zuskovitch (1998), Tushman and Anderson 
(1986), Anderson and Tushman (1990), Klepper and Graddy (1990), and Suarez and Utterback (1991). 
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From a sector perspective, Pavitt (1984) proposed a taxonomy that inter alia distinguishes between 

product and process oriented sectors, based on a statistical analysis of more than 2000 

innovations that have taken place in Britain after the second Word War. The taxonomy builds 

upon the interaction of several market, technology and innovation characteristics, like the sources 

of technology, the type of users, the objective and the trajectory of innovations. Pavitt (1984) 

identifies the following four different categories of firms according to the criteria used. Supplier 

dominated firms, typically small firms, for which innovation comes through equipment and 

machinery acquired from innovative suppliers. In this sector, process innovation dominates. 

Specialised suppliers firms, for which the main activity is the production of innovative equipment and 

instrumentation. Here, product innovation is dominant. Science based firms, mainly chemical and 

electronic firms that invest heavily in internal R&D and production engineering. In this sector 

there is a balance between product and process innovation. Scale intensive firms that generally 

produce bulk materials and assembly. They mainly pursue on process innovations and their 

sources of technology are often their R&D and engineering departments as well as external 

sources like science-based firms. In this paper we will include Pavitt’s (1984) taxonomy in the 

econometric specification to account for sectoral patterns with regard to product and process 

innovations. 

 

(ii) In the current debate whether coordinated R&D strategies, especially in equity alliances and 

acquisitions,3 are associated with higher or lower aggregate levels of innovation, empirical results 

are mixed and relatively limited in depth and breadth. This might be connected to the fact that, 

apart from industrial organisational models on joint ventures (discussed below), the theoretical 

literature largely remains mute on this issue.4 Some empirical studies on the financial and 

economic performance of acquisitions and alliances consider the consequences on firms’ 

                                                 
3 See Katz and Shelanski (2004) for an example of this debate about the U.S. antitrust and merger policy. 
4 For a comprehensive survey see Cassiman et al (2003). 
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technological activities. However, the results with regard to the effect of coordinated efforts on 

innovation levels turn out to be heterogeneous and difficult to compare: empirical analyses in 

industrial organization reach no consensus, but tentatively point towards a more positive 

relationship (Röller et al, 2001; also see Cohen and Levin, 1989; and Scherer, 1992, for useful 

reviews). Larger studies in the field of financial economics and corporate control are rather 

undecided, but tend to support the notion of a neutral or negative impact (Hall, 1990, 1999; 

Ravenscraft and Scherer, 1987; Hitt et al, 1991, 1996; Blonigen and Taylor, 2000). In contrast to 

that, several smaller in depth studies on acquisitions and joint ventures convey a more positive 

outlook on innovative investment and performance (Gugler and Siebert, 2004; Ahuja and Katila, 

2001; Cassiman et al, 2003; Adams and Marcu, 2004). 

 

One reason why the empirical results are so mixed may be that innovation studies use a multitude 

of measurements. These range from R&D spending, total innovation expenditure, intangible 

assets, patent applications, approved patents, patent citations, new product announcements, to 

shares in sales taken by imitative and by innovative products.5 In particular, many studies focus 

either on innovation input (e.g. R&D spending) or on innovation performance (e.g. patents). Any 

conclusion for innovative behaviour in general then implicitly assumes a constant R&D 

efficiency.6 However, while R&D investment may be cut, joint R&D performance or output can 

still be unchanged or even higher. Even if efficiency gains reduce investment in R&D (e.g. 

through elimination of duplication, or economies of scale/scope), the internalisation of positive 

externalities increase marginal returns to innovation and provide an incentive to invest more in 

R&D after the coordination of strategies via an acquisition, joint venture or alliance. For a 

thorough understanding, we therefore include such externalities in our analysis. Another reason 

                                                 
5 For studies on the differences and similarities between these measures and a review of the debate please refer to 
Brouwer and Kleinknecht (1999), Kleinknecht et al. (2002) and Hagedoorn and Cloodt (2003). 
6 As also mentioned previously (see, e.g., Hinloopen, 2003), when innovation measures are ill defined this can lead to 
some additional confusion whether terms like ‘innovation’ and ‘innovation level’ refer to R&D investment/spending 
(input) or performance (output). 
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why empirical studies on aggregate innovation levels are mixed may lie in the fact that they do not 

control for different effects of product and process R&D, as argued in our model. 

 

(iii) When we combine coordinated R&D strategies with the distinction between product and 

process R&D, a survey of the literature quickly reveals that most studies are theoretical, mainly 

published in the field of industrial organisation. Initiated by D’Aspremont and Jacquemin (1988) 

these studies focus on the internalisation of positive or negative externalities through research 

joint ventures (RJVs) and their comparative static effects with regard to process and product 

R&D spending (de Bondt and Veugelers, 1991, de Bondt, 1997; Bonanno and Haworth, 1998). 

Process innovations can be seen as negative externalities, since lower prices force competitors to 

either ‘wastefully’ invest in corresponding cost reductions or accept lower profits due to the 

‘business stealing effect’. However, by forming an RJV or acquiring a firm, this negative 

externality can be internalised and avoided. Technological spillovers, on the other hand, can be 

seen as positive externalities, since competitors profit from the know-how of others without own 

investment. When coordinating R&D strategies in RJVs, the returns lost to the innovator due to 

unprotected spillovers are (partially) captured and, depending on the magnitude of internalisation, 

lead to higher incentives to innovate. 

 

Most of the RJV literature addresses positive externalities only in the context of technological 

spillovers. However, horizontal product differentiation can have the same (positive) effect when 

it reduces the substitutability of competitors’ products and increases consumers’ willingness to 

pay.7 This leads to less direct competition and higher profits. An internalisation of horizontal 

                                                 
7 Much in line with Eswaran and Gallini (1996) this refers to horizontal innovations where no new product is 
automatically superior in the absolute sense. They simply have more distinctive characteristics, which generally 
increase consumers’ valuation. An extreme example for such horizontal innovations in alliances is a multi purpose 
vehicle (MPV) dubbed ‘Eurovan’, which is produced by a joint venture of PSA Peugeot/Citroën and Fiat/Lancia. 
For each of the companies involved a technically identical van with slightly differentiated bodies is produced and 
sold under the brand names Peugeot 806, Citroën Evasion, Fiat Ulysse, and Lancia Zeta. (For the second generation, 
which is produced since 2002, the names were partially changed to Peugeot 807, Citroën C8, Fiat Ulysse, and Lancia 
Phedra.) Other examples can be frequently found within automotive groups. In the Volkswagen group, for instance, 
Seat, Audi, Škoda, and Volkswagen build some of their cars on identical chassis platforms and with nearly identical 
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differentiation captures the positive externalities of consumers’ increased willingness to pay, 

which would otherwise be lost to competition. By modelling horizontal and vertical 

differentiation efforts in a specific strategic setting, Rosenkranz (2003) shows in a formal model 

that the formation of RJVs changes the optimal combination of product and process R&D. 

 

On the basis of prior research we can thus assume for our analysis: provided that product and 

process R&D have different externalities, coordinated strategies should lead to an adjustment of 

the optimal mix of innovation investments since they allow for the internalisation of different 

degrees of positive and negative external effects. The analysis of these effects would explain 

changes in not only the ratio of product vs. process R&D (i.e. the R&D portfolio), but also the 

level of spending on product and process R&D. 

 

3. Formal Analysis and Hypotheses 

 

We consider a duopolistic industry, consisting of two firms i j,  that produce quantities ix  and 

jx .8 The two firms operate under constant returns to scale. Firms’ unit costs of production are 

given by ic  and jc  with [0 ]i jc c a, ∈ , , which can be chosen through R&D investment before the 

market opens. The product characteristics which determine the degree of product substitutability 

given by i jδ δ δ:= +  can also be influenced by the firms i j,  through R&D investment in iδ , and 

jδ  respectively, with δ δ, ∈ ,
1[0 ]
2i j .  

 

The cost function for R&D is the same for both firms and is described by ( ) ( )i iK c G δ+  with 

0K ′ < , 0G′ <  and 0K ′′ > , 0G′′ > . The higher the marginal costs and the lower product 

                                                                                                                                                         
technical characteristics, but these cars are nevertheless differentiated by interior and exterior design, branding and 
positioning. 
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differentiation the lower is the needed research investment. Note that for simplicity we abstract 

from possible economies of scope between the two kinds of investments.9 We assume that there 

exists an initial level of costs oc  with ( ) 0oK c =  for all o
ic c≥  and lim ( ) 0o

i
ic c

K c
→

=  and an 

initial level of product differentiation 1
2

o
iδ ≤  with ( ) 0o

iG δ =  for all o
i iδ δ≥  and 

lim ( ) 0o
i i

iG
δ δ

δ
→

= .  Further, (to guarantee interior solutions) we impose that 0lim ( )
ic iK c→ = ∞  

as well as 0lim ( )
i iGδ δ→ = ∞ .  

 

Firms play a non-cooperative two-stage game under complete information. In the first stage, they 

decide on their marginal costs by investing in a research project generating a process innovation. 

Simultaneously, they decide on the optimal degree of product differentiation by investing in 

another research project generating a product innovation. In the second stage, firms choose 

quantities. Anticipating the outcome of the stage-two game as ( )i i j i jx c c δ δ∗ , , ,  and 

( )j i j i jx c c δ δ∗ , , , , firms choose optimal R&D portfolios.10 Possible R&D projects in such a 

portfolio are targeted at process innovation and at product innovation. Through the former they 

choose marginal costs of production and through the latter they choose a degree of product 

differentiation. Firms’ strategies are 2( )c Rν νδ, ∈ , with [0 ]oc cν ∈ ,  and [0νδ ∈ , δ ]ov  with 

ν = ,i j . In equilibrium a firm’s optimal R&D portfolio is  

{ }
ν ν

ν ν ν ν ν ν ν νδ
δ π δ δ∗

,
∈ Π = , − −( , ) arg max ( ) ( ) ( )

c
c c K c G  

with ν = ,i j , where νΠ  denotes a firm’s gross profit and νπ  a firm’s profit net of R&D costs. 

 

                                                                                                                                                         
8 The analysis generalises Rosenkranz (2003) as here no specific demand function is assumed. 
9 We consider this the benchmark case because, in principle, next to the here assumed independent cost functions, 
both economies of scope as well as diseconomies of scope are plausible. Their presence and sign depend on the 
product life cycle as well as the specificities of the product. 
10 The assumption of complete information relates here to a situation in which the firms have a good understanding 
of the technologies and opportunities of other firms on the market. Firms nevertheless face strategic uncertainty as it 
is assumed that they choose simultaneously, thus in ignorance of the other firm’s decision. Furthermore, the analysis 
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Now suppose that firms jointly decide on their R&D activities. For simplicity we assume that 

they remain competitors in the second stage of the game11 and operate under the constraint of 

identical investments.12 Assume that firms coordinate their strategies as to maximise joint profit 

but do not achieve efficiency gains because they utilise research technologies (both, for new 

products as well as processes) with decreasing returns. This rather unrealistic scenario is included 

in the analysis because it allows us to isolate the strategic effects of cooperative R&D investment 

and the influence of efficiency gains.  

 

Optimisation of firms’ joint profit k i jΠ =Π +Π  with respect to ic  leads to the following first 

order condition, which characterises optimal investment into process innovation under 

coordinated R&D strategies, for i j kc c c∗ ∗ ∗= = : 

 
∂Π∂Π ∂Π

= + = ,
∂ ∂ ∂

0jk i

i i ic c c
 

where 
cij

Π  is the externality conferred by firm i ’s cost reduction on the profit of its rival j .13 

Analogously, also the externality induced through product innovation by firm i  on the profit of 

firm j  is added to the competitive advantage externality that firm’s R&D effort has on its own 

profit through increasing the amount of differentiation of its competitor. Maximising joint profit 

with respect to the level of product differentiation iδ  yields the implicit function for optimal 

investment into product innovation, for i j kδ δ δ∗ ∗ ∗= = :  

                                                                                                                                                         
could be extended to the more realistic situation in which the innovative activities themselves are characterized by 
uncertainty, by translating all output values into expected values, which would not alter our results qualitatively. 
11 This is a common assumption in the IO literature when firms coordinate research strategies. An analysis without 
such an assumption leads to not only qualitative identical, but altogether stronger results (see e.g. Kamien et.al., 
1992). 
12 In general, when the equal treatment constraint is not imposed R&D cooperation always yields higher combined 
profits than R&D competition because depending on the R&D cost function firms have an incentive to reduce costs 
in one firm such that supplied quantity raises to the monopoly level and compensate the other firm via side payments 
for not producing (see Salant and Shaffer (1998) and Amir et al. (2003)). However, as emphasised in the literature, 
such solutions are hard to realise in practice. 
13 Note that this externality will usually be negative in the absence of technological spillovers due to the business 
stealing effect, but might also become positive in case of strong spillovers. 
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 0jk i

i i iδ δ δ
∂Π∂Π ∂Π

= + = ,
∂ ∂ ∂

 

Those externalities, positive or negative, are ignored when each firm chooses its R&D 

expenditure so as to maximise its own profit. They are internalised when the firms coordinate 

their R&D strategies. This makes the individual maximisation problems equivalent to the joint 

maximisation problem that would be solved e.g. by a single decision maker for the two firms. In 

order to analyze the effect of the internalisation of externalities on the individual equilibrium 

values, we can measure the degree of internalisation by [ ]0,1β ∈  and write the first-order 

conditions of the optimisation problems as  

 ' 0 and
c ci ii jKπ βπ− + = ,  (1) 

 ' 0.
i ii jG
δ δ

π βπ− + =  (2) 

Note that the equations represent the individual first order condition for 0β = ,  while they 

represent the joint profit maximisation problem for 1β = .  By differentiating with respect to β,  

we can analyze the effects of adding these strategic terms to firms’ first-order conditions of profit 

maximisation (and thus the effect of internalised externalities on firms’ investment incentives). 

Taking all variables as functions of β , differentiation of (1) and (2) with respect to β  yields:  

 ( '' ) ( ) 0
c c c c c c ci i i i i i i i ii j i i j i jK d c d d

δ δ
π βπ π βπ δ π β− + + + + = ,  

 ( ) ( '' ) 0
c ci i i i i i i i ii j i i j i jd c G d d

δ δ δ δ δ δ δ
π βπ π βπ δ π β+ + − + + = .  (3) 

Cramer’s rule leads to:  

 sign ( )idc
d β

= sign( ( " ) ( ))
c c ci i i i i i i i i ii j j j i jG

δ δ δ δ δ δ δ
π βπ π π π βπ− − + + + ,  

 sign ( )id
d
δ
β

= sign( ( " ) ( ))
c c c c c c ci i i i i i i i i ii j j j i jK

δ δ δ
π βπ π π π βπ− − + + + .  

The sign of the right-hand sides of both expressions is ambiguous if we do not make any further 

assumptions about the underlying demand functions. Obviously the slopes of the marginal R&D 
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cost functions (together with the sign of the externalities) determine whether R&D investment 

increases or decreases. Now, assume (i) negative externalities for process innovation due to absent 

or low technological spillovers such that 0π >
cij

, and positive externalities for product innovation 

as in case of horizontal product differentiation, such that 0
δ

π <
ij

. This implies decreased 

investment in process innovation, e.g. 0ic β
> , if the right-hand side of the first expression is 

positive, which is true in case: 

 ˆ" ( ) ( ) ''δ

δ δ δ δ δ δ

π
π βπ π βπ

π
> + − + := .i

c ci i i i i i i i
ci

j
i j i j

j

G G  

A coordination of strategies increase investment in product innovation, e.g. 0iβ
δ < , whenever the 

right-hand side of the second expression is negative, or if:  

 ˆ'' ( ) ( ) ''
δ δ

δ

π
π βπ π βπ

π
> + − + := .ci

c c c c c ci i i i i i i i

i

j
i j i j

j

K K  

 

Alternatively, assume (ii) positive externalities for process innovation such that 0π <
cij

, e.g. due to 

strong technological spillovers, and negative externalities for product innovation as in case of 

mainly vertically differentiated products, such that 0
δ

π >
ij

. This would imply increased investment 

in process innovation, e.g. 0
β
<ic , if ˆ'' ''>G G  and decreased investment in product innovation, 

e.g. 0
β

δ >i , whenever ˆ'' ''>K K . 

Finally, assume (iii) positive (negative) externalities for process innovation and positive (negative) 

externalities for product innovation. This would imply increased (decreased) investment in both 

process and product innovation, if ˆ'' ''>G G  and ˆ'' ''>K K . 
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These conditions on the R&D-cost functions can only be met if they allow for the existence of an 

equilibrium. To ensure that there exists an equilibrium for all values of β , the second-order 

condition has to be satisfied:  

 
2( )

''
''

c ci i i i

i i i i
c c c ci i i i

i j
i j

i j

G
K

δ δ

δ δ δ δ

π βπ
π βπ

π βπ

+
≥ + − .

+ −
 

Substituting ˆ ''K  into this second-order condition of profit maximisation reveals that whenever 

ˆ'' ''K K<  it is necessary for the equilibrium to exist that ˆ'' ''G G≥ . Similarly, ˆ'' ''G G<  requires 

that ˆ'' ''K K≥ .  

 
The above arguments for positive (negative) externalities for product innovation ( )0  0

i ij jδ δ
π π< >  

and negative (positive) externalities for process innovation ( )0  0
c ci ij jπ π> <  can be summarized in 

the following figure (where 0ic β
<  implies increased investment into process innovation, 0iβ

δ <  
implies decreased investment into product innovation): 
 

 
Figure 1: Positive (negative) externalities for product innovation and 

 negative (positive) externalities for process innovation 
 
Figure 2 illustrates the situation if externalities for process innovation and for product innovation 
have the same positive (negative) sign: 
 

no 
equilibrium

0  ( 0)

0  ( 0)
i i

i i

c c
β β

β β
δ δ

> <

> <

0  ( 0)

0  ( 0)
i i

i i

c c
β β

β β
δ δ

> <

< >

0  ( 0)

0 ( 0) 
i i

i i

c c
β β

β β
δ δ

< >

> <

''  G
''  $G

K ''  $

''  K
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Figure 2: Positive (negative) externalities for process as well as for  

product innovation 
 

It is obvious that only at the intersection of the two dotted lines investment would remain 

unchanged under coordinated decision making. These findings can be summarized in the 

following proposition:  

 

Proposition 1. A coordination of strategies induces firms to change their R&D investment with 

regard to process innovation and to product innovation as compared to the independent situation 

whenever ˆ'' ''≠K K  and/or ˆ'' ''≠G G . 

 

Proof: See the arguments above. 

 

Obviously we can expect to see unchanged R&D strategies only under very specific assumptions 

on the R&D cost functions. The more natural case will be that firms internalise the externalities 

from their investments by adjusting their R&D investments.  Furthermore, we can say something 

about the direction of the change if we make assumptions of the sign of the externalities, i.e. the 

level of technological spillovers and product market characteristics.  

 

no 
equilibrium

0  ( 0 )

0  ( 0)
i i

i i

c c
β β

β β
δ δ

< >

> <

0  ( 0)

0  ( 0)
i i

i i

c c
β β

β β
δ δ

< >

< >
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c c
β β

β β
δ δ

> <
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''  G
''  $G
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Proposition 2. Assume ˆ'' ''K K>  and ˆ'' ''G G> . A coordination of strategies induces firms 

1. to invest more in product differentiation and less in process innovation if there are negative 

externalities for process innovation and positive externalities for product innovation; 

2. to invest less in product differentiation and more in process innovation if there are positive 

externalities for process innovation and negative externalities for product innovation; 

3. to invest more in product differentiation and more in process innovation if there are positive 

externalities for both kinds of innovation; 

4. to invest less in product differentiation and less in process innovation if there are negative 

externalities for both kinds of innovation. 

 
Proof: See the arguments above. 
 
These findings correspond to the general economic insight, that the internalisation of positive 

externalities should increase incentives to conduct R&D while the opposite should hold for 

negative externalities.14 We expect case 1 in Proposition 2 to depict the most prominent situation 

as it suggests negative externalities and not too strong technological spillovers from process 

innovation and positive externalities from product innovation as in a predominantly horizontally 

differentiated market. For this case it can definitely be excluded that firms invest more in process 

innovation, 0ic β
< , and less into product differentiation, 0iβ

δ > ,  when they coordinate their 

research strategies (as compared to the competitive equilibrium).  Keeping in mind that ˆ ''K  as 

well as ˆ ''G  are functions of R&D spending one can simplify the interpretation for this case as 

follows: if both marginal R&D-cost functions are sufficiently steep (such that ˆ'' ''K K>  and 

ˆ'' ''G G> ), a coordination of strategies induce firms to invest more in product differentiation but 

less in process innovation. On the other hand, if marginal R&D costs increase slowly for process 

innovation, that is ˆ'' ''K K< , firms will invest less in both kinds of innovation compared to firms 

with independent R&D. If marginal costs for process innovation are low, negative externalities 
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become strong for competing firms and the internalisation of those strong negative externalities 

over-compensates positive externalities. If the slope of marginal R&D costs is low for product 

innovation, that is ˆ'' ''G G< , firms invest more in both kinds of innovation. If firms can easily 

differentiate their products, the internalisation of positive externalities over-compensates negative 

externalities. 

 

It is worthwhile to investigate whether firms also change the proportion of optimal R&D 

investment as compared to R&D competition if they invest either more in both or less in both kinds 

of innovations. Consider the ratio of the first-order conditions of profit maximisation (1) and (2) 

given by:  

 '
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Note that both sides are negative such that with positive externalities for product innovation and 

negative externalities for process innovation it is likely to observe that firms proportionately invest 

more into product innovation whenever ˆ'' ''≥K K . Considering the conditions on the marginal 

R&D-cost functions, this ratio is most likely positive whenever firms invest more into both types 

of innovation. For the case that firms invest less into both kinds of innovation it is more likely 

that they shift their innovations towards more process innovation. On the other hand, for 

reversed externalities we expect to see a shift towards process innovation in case firms invest 

more into both kinds of innovation and a shift towards more product innovation in case firms 

invest less into both kinds of innovation. Table 1 summarizes the results discussed above. 

                                                                                                                                                         
14 See DeBondt and Veugelers (1991) for a comprehensive discussion of the effects of investment externalities. 
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Table 1: Predictions of the effects of externalities on coordinated R&D investments 

Coordinated R&D Investment 
ˆ'' ''K K>  
ˆ'' ''G G>  

[Case 1] 

ˆ'' ''G G<  
ˆ'' ''K K≥  

[Case 2] 

ˆ'' ''K K<
ˆ'' ''G G≥  

[Case 3] 

Exter-
nalities 

Type of 
Innovation 

level ratio level ratio level ratio 
+ 
+ 

product 
process 

+ 
+ 

+/- + 
- 

+ - 
+ 

- 

+ 
- 

product 
process 

+ 
- 

+ + 
+ 

+ - 
- 

- 

- 
+ 

product 
process 

- 
+ 

- - 
- 

+ + 
+ 

- 

- 
- 

product 
process 

- 
- 

+/- + 
- 

+ - 
+ 

- 

 

As Table 1 shows, the level and ratio of R&D investments in coordinated strategies is expected to 

differ from independent strategies. As a starting point for the empirical testing of our model we 

can thus formulate the following three hypotheses: 

 

Hypothesis 1 (product R&D level): 

Coordinated strategies are associated with higher or lower levels of R&D investment with regard to product 

innovation when compared to independent strategies. 

 

Hypothesis 2 (process R&D level): 

Coordinated strategies are associated with higher or lower levels of R&D investment with regard to process 

innovation when compared to independent strategies. 

 

Hypothesis 3 (product vs. process R&D ratio): 

Coordinated strategies are associated with higher or lower ratios of product vs. process R&D investments when 

compared to independent strategies. 
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Our model argues with externalities, but in principle, the expected changes in Hypotheses 1 to 3 

can also be related to efficiency effects in coordinated R&D strategies. Unfortunately, 

externalities per se are difficult to observe and measure. However, we have data on R&D 

efficiency, which allows us to empirically test for the existence and direction of effects of 

efficiency. From this, together with the empirical results on the level and ratio of R&D activities, 

we can then indirectly infer (by comparison with the predicted combinations of effects in Table 

1), whether externalities may play a role at all (as proposed by our model), and if yes, which effect 

they might have. 

 

Hypothesis 4 (product R&D efficiency): 

(a) Coordinated strategies are associated with higher R&D efficiency with regard to product innovation when 

compared to independent strategies. 

(b) Coordinated strategies are associated with lower R&D efficiency with regard to product innovation when 

compared to independent strategies. 

 

Hypothesis 5 (process R&D efficiency): 

(a) Coordinated strategies are associated with higher R&D efficiency with regard to process innovation when 

compared to independent strategies. 

(b) Coordinated strategies are associated with lower R&D efficiency with regard to process innovation when 

compared to independent strategies. 

 

If we observe that investment in both, product as well as process innovation, is increasing 

(decreasing) when firms coordinate their strategies, then this could alternatively be explained by an 

increase (decrease) in efficiency rather than the internalisation of externalities. On the other hand, 

if we observe an increase (decrease) in R&D investment and at the same time a reduction 
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(increase) in efficiency, this may indicate that externalities indeed play a role in determining 

coordinated R&D decisions. 

 

When we turn to the effect of acquisitions on aggregate R&D the results of the formal model are 

more complex and do not exclude certain possibilities. In principle, if both types of innovations 

have the same sign of externalities and marginal R&D-cost functions are equally steep (Case 1 in 

Table 1), we expect aggregate R&D to decrease (increase) in case negative (positive) externalities 

are internalized. If extra investments do not strongly increase marginal R&D-costs for only one 

type of innovation (Cases 2 and 3 in Table 1) and only this type has positive (negative) 

externalities, then the internalization of the positive (negative) externalities can outweigh the 

opposite incentive from the other investment and aggregate R&D investment may increase 

(decrease). Moderately increasing marginal costs for both types of R&D (Case 1 in Table 1) can 

lead to offsetting counter effects when externalities have opposite signs and thus to more or less 

unchanged aggregate investments. However, this is rather unlikely as the two opposing effects 

have to be equally strong. If there are strong differences in the R&D-cost functions (Cases 2 and 

3 in Table 1), the likelihood of exact compensation is even smaller. Hence, in correspondence to 

Hypotheses 3, we can formulate the following hypotheses on aggregate R&D. 

 

Hypothesis 6 (aggregate R&D level): 

Coordinated strategies are associated with higher or lower levels of aggregate R&D investment with regard to 

process innovation and to product innovation when compared to independent strategies. 

 

In correspondence to Hypotheses 4 and 5 we also test for possible differences between 

coordinated and independent strategies with regard to the existence and direction of aggregate 

efficiency effects, which may serve as an alternative explanation for changes in aggregate R&D 

investment. 
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Hypothesis 7 (aggregate R&D efficiency): 

Coordinated strategies are associated with higher or lower aggregate R&D efficiency with regard to process 

innovation and to product innovation when compared to independent strategies. 

 

4. The Data and the Variables 

4.1 The Data 

Our empirical analysis uses data drawn upon two databases on Italian firms both developed by 

the Italian National Statistical Institute (ISTAT): the MICRO.1 database and the Italian CIS1 

database. 

 

The MICRO.1 database contains the result of an annual Industrial Census conducted in all 

industrial sectors during the period 1989-1997 on firms with 20 employees or more. Data on the 

Profit and Loss Account and the Balance Sheet are collected and organized along the normative 

guidelines of the IV Directive of the European Community Council. In this paper, the database is 

primarily used for total sales and employment data.  

 

The Community Innovation Survey (CIS) is a comprehensive survey on innovation activities of 

firms covering European Union member States and European Union Candidate countries. The 

CIS has been designed to acquire information on various aspects of the innovation process that 

takes place inside firms, like the sources of information and knowledge, the different types of 

innovation, the effects of innovation on firm’s performances, etc. The statistical unit is the 

enterprise, as defined in the Council Regulation15 or as defined in the statistical Business Register 

of the country. This regulation defines the enterprise as “the smallest combination of legal units 

that is an organisational unit producing goods or services, which benefits from a certain degree of 

                                                 
15 Council Regulation (EEC) N° 696/93 of 15 March 1993, OJ N° L76 of the 3 March. 
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autonomy in decision-making, especially for the allocation of its current resources”, in other 

words, a company or a legally independent firm.16  

 

CIS data are collected on a four-year basis. As of 2007 four CIS surveys have been carried out: 

CIS1 referring to the three-year period 1990-1992, CIS2 for 1994-1996, CIS3 for 1998-2000, and 

CIS4 for 2002-2004. The data requirements of our model are quite substantial and are not 

covered by all of the four surveys, or – to the best of our knowledge – by other large-scale and 

publicly available databases on innovative activities. In particular, we need data on the distinction 

between product and process innovations both for the input and output side. While all four 

Community Innovation Surveys collected product/process data for the output side, only the first 

survey (CIS1) also made this distinction for innovation inputs. In particular, the first wave is the 

only one to report data on R&D expenses devoted to product innovations and R&D expenses 

devoted to process innovations. These data are necessary to test our hypotheses on efficiency in 

product or process innovations. Therefore, this paper focuses on the CIS1 in Italy. 

 

The Italian CIS1 was carried out in 1994 by ISTAT on the innovative activities of firms in the 

manufacturing sector during the years 1990-1992. While the vintage of the data may limit the 

implications of some of our findings, the basic theoretical result and corresponding empirical 

claim of this paper focuses on showing the existence of externality effects in innovative activities, 

which is rather independent of the period studied.17 

 

Although the CIS is professionally generated by several European National Statistical Offices and 

frequently used in diverse economic studies, we are aware of the fact that the first European CIS 

                                                 
16 The aims, the methodology, the definitions and the questionnaire used in innovation surveys are described in the 
OECD Oslo Manual (OECD, second edition from 1997 and third edition from 2005). 
17 Note that possible recent changes in R&D efficiency, for example, due to rapid developments in information and 
communication technologies are not covered by the data. Such efficiency developments would not qualitatively 
change our results unless they affected independent and coordinated R&D strategies in a structurally and significantly 
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was less harmonized between European countries than subsequent surveys. The relatively high 

heterogeneity at country level gives rise to concerns about the quality of the data. Fortunately, in 

the case of Italy, the CIS1 data quality matches the standard of subsequent surveys. In fact, in 

some dimensions it even surpasses later surveys. For instance, while the CIS2, CIS3 and CIS4 

were sample surveys, based on stratified samples according to the industry classification (NACE) 

and firm size (number of employees), the CIS1 was a census, which was sent to 33,268 

manufacturing firms with more than 20 employees, of which 22,787 firms returned the 

questionnaire.18 The response rate of the Italian CIS1 was significantly higher (69%), compared to 

the majority of subsequent waves in other European countries, which had response rates between 

41 and 56 per cent (Eurostat, 2003). Italian CIS1 data has been largely used in economic and 

statistical studies and to draw policy implications for enhancing innovativeness (see among others 

Bartoloni and Baussola, 2008 and 2001; Crosato and Ganugi, 2007; Evangelista et al. 2002; Sirilli 

and Evangelista, 1998). 

 

While the CIS1 data on firms’ innovative activities supply information on the period 1990-92, 

some accounting variables (like total sales) only cover the year 1992. In order to be able to lag 

some of these variables we thus merge the CIS1 database with the MICRO.1 dataset described 

above. The merged sample consists of 18467 firms across all manufacturing sectors for which, 

according to Scarpetta et al. (2004), firms with at least 20 employees represent more than 68% of 

the total employment in Italy. In a comparative analysis of innovative indicators Kleinknecht et 

al. (1996, 2002) show that the CIS indicators measure innovation input and output more 

comprehensively and more directly than earlier measures. Brouwer and Kleinknecht (1999) also 

find a systematic relationship between a firm’s CIS innovation output and actual patenting data. 

                                                                                                                                                         
different manner. We thank one of the anonymous referees for pointing this out as it may provide an interesting 
extension to our model. 
18 In the stratified samples of the CIS2, CIS3 and CIS4, there are three size-classes: 20-49 employees (small) (in some 
countries, and depending on the wave, the first class starts at 10 employees), 50-249 employees (medium-sized), and 
more than 250 employees (large). The industrial stratification is by NACE at the 2-digit level. When a stratum size 
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Although the correlation is not perfect, this relationship holds for both the probability to apply 

for a patent as well as the actual number of patents. It is thus not surprising that CIS data have 

become a fundamental source to analyse innovation at the firm-level (among others, see 

Cassiman and Veugelers, 2002; Mairesse and Mohnen, 2002, as recent contributions using CIS 

data). Despite these strong arguments for the CIS data, we readily acknowledge that innovation 

measurement is diverse and that the results in this paper are tied to the proxies at hand. As 

mentioned in the literature review, we are fully aware of an ongoing debate on the differences and 

similarities of various innovation measurements (see, e.g., Kleinknecht et al. (2002) and 

Hagedoorn and Cloodt (2003)). 

 

The first Italian CIS is composed of 10 questionnaire sections among which the first one requires 

general information of the firm and in particular whether the firm is member of a group. 

Whenever the answer is positive the firm is asked whether it is the group headquarter, and, in the 

negative case, whether the group headquarter is Italian or foreign.  

 

Out of 18467 firms 3302 respondents (17.9%) declared themselves member of a group. We 

consider these respondents not to be completely independent in their innovation strategies and 

label them GROUP. In fact, the claim to be a group member can be interpreted as the willingness 

to (at least partially) coordinate innovation strategies and decisions within organizational 

structures of shared decision control. In principle, this claim allows various vehicles for 

coordination, including joint ventures, acquisitions, alliances or any form of joint decision 

making. Based on the context of the specific questionnaire item, however, we conservatively 

                                                                                                                                                         
was too small for sampling (especially in countries with very few large firms) a census was done within the specific 
stratum. 
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assume that the claim to be ‘part of a group’ primarily refers to equity-related organizational 

attachments, like acquisitions or equity joint ventures.19  

 

Such an equity-based definition comes with two caveats: First, it excludes non-equity forms of 

coordination, like contractual alliances or informal collaborations. This opens the possibility that 

some independent firms may coordinate their innovative activities with external (non-equity) 

partners to the same or even a larger extent than group members. However, for testing our 

hypotheses, the important question is whether firms within an equity-based group are – on average 

– subject to greater coordination (within the group’s overall product market policy) than 

independent firms. On the basis of a similar research question, Villalonga and McGahan (2005) 

analyze 9276 acquisitions, alliances and divestitures during the 1990s. In support of our proxy, 

they show that firms prefer acquisitions over alliances when they intent to appropriate and 

coordinate intangible resources from the focal firm. Further, Allan and Philips (2000) show that 

this even applies to the corporate acquisition of minority equity blocks. In their study the primary 

reason for corporate equity ownership (with an average of 20 percent of voting shares) are 

benefits in the product market optimization and coordination, particularly in industries with high 

research and development.20 Further, using the same data that we use in this paper, Evangelista et 

al. (2002) study regional systems of innovations, defined as a ‘localized network of actors and 

institutions […] whose activities and interactions generate, import, modify and diffuse new 

technologies’ (Evangelista et al., 2002, p.174). Their answer to the question, whether they can 

identify such networks in Italy ‘is clearly negative, at least for most of the regional clusters 

identified by our empirical analysis’ (Evangelista et al., 2002, p.184). 

 

                                                 
19 The specific question asked in Section 1 of the questionnaire is: ‘Is your firm part of a group? This question is followed by 
the following item, which can be interpreted as an equity-related definition of the term group: ‘If you are part of a group, is 
your firm the group headquarters?’ 
20 They also provide evidence that increases in operating performance and investments are strongest in cases when alliances 
and joint ventures are combined with corporate ownership in high R&D industries. 
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A second potential caveat of an equity-based definition of groups is the fact that group 

membership as such does not guarantee the coordination of innovative activities. In fact, 

individual or institutional financial investors may buy and sell substantial (even controlling) stakes 

in subsidiaries purely for portfolio reasons. In contrast to corporate investors, portfolio investors 

do not coordinate managerial activities between the assets in their portfolio. However, studies 

from Filatotchev et al. (2003) and Piga and Vivarelli (2004), show that headquarters are very 

active innovators within groups. These results stand in stark contrast to the notion of portfolio 

investment of purely financial holdings. This support for our proxy is particularly relevant, 

because both studies use data from the Italian manufacturing industry (as we do in this paper). 

Taken together, the above evidence provides support that the firms’ claim ‘to be part of a group’, 

even when defined conservatively as equity-based membership, can be interpreted as a proxy for, 

on average, a higher level of coordination, compared to the rest of the firms in the sample. 

 

Altogether, 15165 respondents (82.1%) did not see themselves as part of any group. We assume 

that these are, on average, independently competing firms and label them INDEP. Table 2 

describes the complete sample and the two sub-samples in more detail. 

 

Table 2: Descriptive Statistics of Italian manufacturing firms in 1st CIS, 1992 

 Total sample GROUP INDEP 
 Total Sales  

(in ’000 €) 
employees total sales  

(in ’000 €) 
employees total sales  

(in ’000 €) 
employees

N 18467 18467 3302 3302 15165 15165
Mean 14990 104 56205 326 6016 55
S.D. 189241 859 443305 1998 19497 128
25th pctl 1728 27 4835 43 1538 26
Median 3477 37 11728 94 2887 34
75th pctl 8112 71 30978 230 5912 55

 

Not surprisingly, the average size of companies in GROUP and INDEP is noticeably different 

with regard to most moments. Firms belonging to groups (GROUP) have average sales that are 

almost 9.5 times larger than those of independent firms (INDEP) and the median is 4 times 
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larger. Furthermore the mean of the number of employees in GROUP is 6 times larger and the 

median almost 3 times. In general, we can observe that the entire distributions of firms belonging 

to groups are shifted upward with respect to those of independent firms, regardless the proxy for 

size: total sales or number of employees. 

 

Since the theoretical model gives predictions on the proportion between product and process 

R&D expenses, firms with positive R&D expenses are our target population. Therefore, we select 

all firms with a positive R&D budget. Table 3 describes this sub sample of 3696 firms, split up 

into GROUP (coordinated R&D strategies) and INDEP (independent R&D strategies). It is 

worth noting that the magnitude of the size difference in Table 2 persists in the sub sample of 

firms investing in R&D: in Table 3 the median (mean) of sales of all firms in GROUP is about 

4.2 (11.2) times larger than the corresponding size in INDEP. Again, as for the total CIS sample, 

the entire distributions of firms belonging to groups are shifted upwards, regardless the proxy for 

size.  

 

Table 3: Descriptive Statistics of Italian manufacturing firms  

with a positive R&D budget, 1992  

 GROUP INDEP 
 total sales  

(in ’000 €) 
employees total sales 

(in ’000 €) 
employees 

N 1266 1266 2430 2430 
Mean 110205 606,06 9846 87,34 
S.D. 709821 3176,12 18841 284,34 
25th pctl 8078 72 2633 30,00 
Median 21272 168,00 5019 46,50 
75th pctl 56640 435 10329 88 

 

4.2 The Variables 

Sections 6 and 8 of the first Italian CIS focus respectively on R&D activities and on the effects 

on firm’s performance of innovation activities. Data pertaining to these sections provide detailed 

measures of innovation inputs and outputs, which we use as such or partially transform. Our 
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empirical investigation focuses on investment, performance and efficiency variables, which are 

defined in subsection (i). Subsection (ii) specifies the independent variables of interest and some 

additional control variables. All variable names are in capital letters: 

 

(i) Dependent Variables21 

Investment variables (input-related): 

TOT-IN: total R&D expenses divided by total sales 

PROD-IN: R&D expenses devoted to product innovation divided by total sales 

PROC-IN: R&D expenses devoted to process innovation divided by total sales 

 (PROD-IN and PROC-IN complement to 100% of total R&D expenses) 

PROD-REL-IN: R&D expenses in product innovation as percentage of total R&D expenses 

PROC-REL-IN: R&D expenses in process innovation as percentage of total R&D expenses 

Performance variables (output-related): 

TOT-OUT: percentage of total sales realised with new products and processes 

PROD-OUT: percentage of total sales realised with new products 

PROC-OUT: percentage of total sales realised with new processes 

Efficiency variables: 

TOT-EFF: TOT-OUT/TOT-INt-1 (with TOT-IN t-1=TOT-IN lagged by 1 year) 

PROD-EFF: PROD-OUT/PROD-IN t-1 (with PROC-IN t-1=PROC-IN lagged by 1 year) 

PROC-EFF: PROC-OUT/PROC-IN t-1 (with PROC-IN t-1=PROC-IN lagged by 1 year) 

Coordination variable: 

GROUP: Dummy variable indicating whether a firm belongs to a group 

 

(ii) Independent Variables 

GROUP_PROB:  Predicted probability that a firm belongs to a group 

                                                 
21 Reference year is 1992 unless otherwise mentioned. 
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SIZE: Log of total sales in 1992 (in ‘000 Euro) 

SIZE_EMP1990: Log of total employees in 1990 

HQ_DUM: Dummy variable indicating whether a group is headquartered outside Italy 

AT15; …. , AT36: Industry dummies at 2-digit SIC level (from 15 to 36) 

SCIENCE_BASED; SUPPLIER_DOM; SPECIALISED_SUPPL; SCALE_INTENSIVE: 

In order to control for differences in the nature of technology, the source and 

the appropriation of innovations and their influence on  product and process 

innovations,  we classify our firms according to Pavitt’s taxonomy (Pavitt, 

1984). As a result, we have four dummies, one for each of the Pavitt’s 

categories of firms: science-based, supplier dominated, specialised suppliers, 

and scale intensive.22 

 

5. Empirical Results 

5.1 Non-parametric Analysis 

We initially perform a non-parametric analysis in order to test our hypotheses. Table 4 reports the 

descriptive statistics of the variables of interest, while Table 5 shows the corresponding results of 

different two-sample tests, namely Levine’s23 test for the equality of variance, the Student’s t-test 

for the equality of the means and the Kolmogorov-Smirnov24 test for the equality of the location 

and the shape of the entire empirical distributions. 

 

                                                 
22 See the literature review of this paper for a more elaborate explanation of the Pavitt’s taxonomy and the 4 
dummies that we have derived from it. 
23 We perform the Levine’s test for the equality of variance among the two sample distributions. According to the 
Levine’s test results, we apply a Student’s t-test to check whether the means of the two sample distributions (with 
equal or not equal variance) are statistically different. We use a pooled- or separate-variances t-test for equality of 
means according to the results of Levine’s test for the equality of variances. 
24 The Kolmogorov-Smirnov test is a non-parametric test for the null hypothesis that a random sample has been 
drawn from a specified theoretical (discrete or continuous) distribution. The test is also used, as in our case, to 
examine whether two samples come from the same distribution. It is sensitive to any type of difference in the two 
distributions – shape, location, etc.. The test is based on the largest difference between the two cumulative 
distributions.  
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Table 4: Descriptive Statistics 

Variable Sample N Mean Median Variance Coef. of 
Var. 

Skew-
ness 

Kurtosis 

TOT-IN Group 
Independent

1266 
2430 

0.0326 
0.029

0.014 
0.014

0.004 
0.002

198.002 
174.364 

7.960 
6.258 

90.160 
56.350

PROD-IN Group 
Independent

1266 
2430 

0.023 
0.018

0.009 
0.008

0.003 
0.001

216.501 
191.025 

8.024 
7.390 

97.436 
89.317

PROC-IN Group 
Independent

1266 
2430 

0.009 
0.011

0.003 
0.003

0.001 
0.001

263.384 
272.678 

10.042 
8.416 

138.695 
93.2882

PROD-
REL-IN* 

Group 
Independent

1266 
2430 

64.526 
61.647

70 
70

976.387 
1055.748

48.426 
52.707 

-0.657 
-0.502 

-0.686 
-0.881

PROC-
REL-IN* 

Group 
Independent

1266 
2430 

35.474 
38.353

30 
30

976.387 
1055.748

88.085 
84.7188 

0.657 
0.502 

-0.686 
-0.881

TOT-
OUT 

Group 
Independent

1266 
2430 

55.043 
57.782

60 
60

1063.610 

944.593
59.250 
53.190 

-0.145 
-0.283 

-1.260 
-1.062

PROD-
OUT 

Group 
Independent

1266 
2430 

33.937 
35.040

30 
30

839.645 
776.875

85.384 
79.544 

0.697 
0.593 

-0.463 
-0.490

PROC-
OUT 

Group 
Independent

1266 
2430 

21.107 
22.742

10 
15

671.052 
675.344

122.732 
114.273 

1.598 
1.460 

2.012 
1.656

TOT-EFF Group 
Independent

1266 
2430 

113.552 
86.567

29.323 
33.301

176841.549 
30413.887

370.336 
201.458 

11.812 
6.256 

177.193 
61.919

PROD-
EFF 

Group 
Independent

1177 
2192 

109.919 
90.348

23.848 
27.624

229341.875 
143475.731

435.681 
419.247 

14.397 
31.581 

273.117 
1260.148

PROC-
EFF 

Group 
Independent

1003 
1894 

160.508 
157.129

42.654 
43.766

209902.759 
232239.664

285.438 
306.700 

8.517 
15.368 

101.190 
368.338

 
* The variables complement to 100, therefore, as expected, the distributions of GROUP and INDEP firms have 
complementary means, same variance, opposite Skewness, and same Kurtosis. 
 

As predicted by our model (Hypotheses 1 and 2), Table 4 reports that firms within and without a 

group invest at different levels into product and process R&D (PROD-IN, PROC-IN). In fact, 

independent firms spent, on average, 21.7% less (22.2% more) on product (process) R&D than 

firms with coordinated strategies. In total, independent firms invest 11.0% less in aggregate R&D 

(TOT-IN) than firms that are part of a group (2.9% vs. 3.26% of sales). However, as we can see 

from the two-sample tests in Table 5, only the differences in the level of product R&D and in 

aggregate R&D are significant, which supports Hypotheses 1 and 6, but not Hypothesis 2. The 



 30

significantly different investment levels in product R&D are also reflected in the product vs. 

process R&D ratio. 

Table 5: Two-sample tests for GROUP and INDEP firms 

 
*, **, *** denote statistical significance at the 0.1, 0.05, and 0.01 level respectively 
a The statistics reported in the table are calculated using  pooled- or separate-variances t tests for equality of means 
according to the results of Levine’s test for the equality of variances. 
 

Table 4 reports that firms that are part of a group invest, on average, a 4.7% higher (lower) share 

of their total R&D budget in new products (processes) than independent firms. The 

corresponding two-sample tests in Table 5 show that the means of PROD-REL-IN (PROC-

REL-IN) are statistically different (at the 1% level) between GROUP and INDEP, as are the 

entire distributions of the two samples. The non-parametric analysis thus also supports 

Hypothesis 3. 

 

In principle, some of the above findings can be a result of an improved efficiency in coordinated 

strategies. If R&D is more efficient in groups, member firms may have an incentive to invest more 

in product and/or process innovation. In contrast to this, Table 4 reports that the mean 

 Levene’s test Student’s  t-testa Kolmogorov-Smirnov test
 F p-value T p-value Z p-value 

TOT-IN 10.481*** 0.001 -1.936* 0.053 1.310* 0.065 

PROD-IN 33.796*** 0.000 -3.403*** 0.001 1.492** 0.023 

PROC-IN 4.610** 0.032 1.445 0.149 0.563 0.909 

PROD-REL-IN 4.849** 0.280 -2.622*** 0.009 1.919*** 0.001 

PROC-REL-IN 4.849** 0.280 2.622*** 0.009 1.919*** 0.001 

TOT-OUT 15.701*** 0.000 2.470** 0.014 1.776*** 0.004 

PROD-OUT 3.101** 0.078 1.127 0.260 1.391** 0.042 

PROC-OUT 0.297 0.585 1.817* 0.069 1.905*** 0.001 

TOT-EFF 28.400*** 0.000 -2.187** 0.029 1.589** 0.013 

PROD-EFF 6.602*** 0.010 -1.213 0.225 1.308* 0.065 

PROC-EFF 0.223 0.637 -0.186 0.853 0.492 0.969 
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efficiency of firms in a group is lower for product, process, as well as aggregate R&D. With regard 

to product and of process R&D, Table 5 reports that the differences between the means are 

statistically not significant. Also, the differences between the distributions of the two samples 

differ only moderately with regard to product R&D (PROD-EFF) at the 10% level. With regard 

to aggregate R&D, Table 5 reports that the lower efficiency of firms that belong to a group is 

statistically significant, both, in the Student’s t-test and in the Kolmogorov-Smirnov test (at the 

5% level). Together these results neither support Hypothesis 5, nor fully support Hypothesis 4 

(b), indicating little efficiency effects in product or process R&D. Although we find some 

statistically significant differences, as predicted by Hypothesis 7, they report a lower aggregate 

R&D efficiency in coordinated strategies. As our model predicts, the empirical results therefore 

point towards the existence of other effects, like externalities, which may explain the higher levels 

of (product and aggregate) R&D investment in groups. 

 

5.2 Multivariate Analysis 

The aim of this section is to check whether the previous results on the relationships between 

being part of the group and the innovation proxies are robust when other independent factors 

(like size and having a foreign headquarters) are held constant. In order to analyse the correlations 

specified in our hypotheses, we firstly acknowledge that being part of a group could depend on 

the firm size and on the industrial sector in which the firm carries out its principal activity. Firm 

size and sector characteristics could in turn affect the innovative input, output and efficiency, 

giving rise to an endogeneity problem. To tackle this issue, we estimate a logit model in which the 

probability of being part of the group depends on the size of the firms and on the industrial 

sector at 2 digit-level. As size variable we include the logarithm of the number of employees in 

the year 1990 (SIZE_EMP). We lagged this variable to minimize endogeneity and to justify the 

inclusion of this variable as an ex-ante explaining variable. Table 6 shows that the probability of a 

firm to belong to a group significantly depends on its size and on the industrial sector in which it 
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operates. Indeed, the coefficients of the firm size and many of firms’ industrial sector dummies 

are statistically significant at 5% level. 

 

Given these results, we use the predicted probabilities estimated by the logit model as the 

independent variable of interest in the subsequent linear regressions. Table 4 shows the variables 

that we use as dependent variables. Further, we also include the following control variables: 

In Rosenkranz (2003), market size exerts an important influence on the R&D portfolio, by 

increasing (decreasing) the relative incentives to invest in product (process) R&D. Since the 

model directly relates market size to firm size, we include the latter to control for this effect. In 

order to better differentiate the multivariate regression from the logit estimation, we use the log 

of firm total sales in 1992. Local subsidiaries of foreign parent firms may be subject to global 

specialization in R&D, including outsourcing activities and a possible extraction of product 

and/or process R&D to other countries. We therefore include a dummy, which equals 1 if the 

headquarter of the group is outside of Italy, 0 otherwise. Furthermore, we apply Pavitt’s (1984) 

taxonomy to our firms in order to broadly control for the nature of the technology and the 

industrial characteristics. Pavitt (1984) identifies four different categories of firms based on the 

interaction of several market, technology and innovation characteristics. As explained in the 

literature review, this taxonomy identifies supplier dominated firms, specialised suppliers firms, scale 

intensive firms and science based firms and relates them to product and process innovations. According 

to Pavitt’s (1984) taxonomy, we have introduced 3 dummies (we have dropped the category scale 

intensive) that take value 1 when firms belong to that category and 0 otherwise. 
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Table 6: Logistic regression (ML) of the probability to belong to a “group” in 1992 

Dependent: GROUP Coeff. Std. Err. z P>|z| 

SIZE_EMP1990 1.15 0.05 25.30 0.000 

AT15 -1.46 0.59 -2.48 0.013 

AT17 -1.44 0.58 -2.49 0.013 

AT18 -2.05 0.67 -3.07 0.002 

AT19 -1.98 0.65 -3.05 0.002 

AT20 -1.67 0.66 -2.52 0.012 

AT21 -0.97 0.63 -1.53 0.126 

AT22 -1.00 0.66 -1.51 0.130 

AT23 0.09 0.78 0.11 0.913 

AT24 -0.61 0.57 -1.06 0.287 

AT25 -1.08 0.58 -1.86 0.062 

AT26 -1.07 0.58 -1.85 0.064 

AT27 -1.26 0.60 -2.09 0.037 

AT28 -1.33 0.57 -2.33 0.020 

AT29 -1.22 0.56 -2.17 0.030 

AT31 -1.16 0.58 -2.01 0.044 

AT32 -0.80 0.60 -1.32 0.186 

AT33 -1.20 0.59 -2.03 0.043 

AT34 -1.31 0.60 -2.19 0.028 

AT35 -1.54 0.64 -2.41 0.016 

AT36 -1.80 0.59 -3.04 0.002 

_cons -4.65 0.58 -7.97 0.000 

N 3696.00    

LR χ2 (21) 1101.22 P>(χ2) 0.000  

Pseudo – R2 0.23    

 

Table 7 and 8 report the results of the linear regressions where the independent variable of 

interest is GROUP_PROB, the predicted probabilities of firms to belong to a group. Given the 

heteroskedasticity, we implement the Huber (1967) and White (1980) sandwich estimator of 

variance. 

 

 Table 7 reports the results of the regressions on R&D investment levels and ratios, which serve 

as tests for Hypotheses 1 to 3 and Hypothesis 6. Corroborating the non-parametric results, 
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Hypotheses 1 and 6 are supported again since coordinated R&D strategies are, on average, related 

to significantly different (higher) levels of product and aggregate R&D. In contrast to the non-

parametric tests, the significant coefficient of GROUP_PROB on PROC-IN corroborates 

Hypothesis 2, which predicts different process R&D levels. As independent firms are much 

smaller than firms in a group (see Table 3), controlling for firm size corrects for the generally 

higher level of investment (as percentage of sales) of smaller firms into R&D. This can be seen in 

Table 7, where the control variable SIZE has a significantly negative coefficient when regressed 

on the level of product, process, and aggregate R&D, measured as a percentage of sales (PROD-

IN, PROC-IN, TOT-IN, respectively). 

 

Firm size may also explain why, in contrast to the non-parametric case, Hypothesis 3 is not 

supported anymore. In fact, the coefficients of GROUP_PROB are not significant when 

regressed on PROD-REL-IN or PROC-REL-IN, indicating that the difference in R&D 

portfolios (ratio of product vs. process R&D) is mainly associated with firm size. This is 

principally in line with Rosenkranz (2003), who shows theoretically that firm size is positively 

associated with the relative importance of product R&D in the total portfolio. Accordingly, the 

coefficient of the control variable SIZE is also positively (negatively) statistically significant when 

regressed on PROD-REL-IN (PROC-REL-IN). It is also interesting to note that, when 

examining the control variables, the fact that having the groups’ headquarters located outside 

Italy does not seem to statistically relate to differences in R&D investment levels or portfolios 

between coordinated or independent R&D strategies.25 

 

                                                 
25 This result is also supported by unreported robustness checks with samples that exclude all firms that report to be 
part of a group with foreign headquarters. 
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Table 7: Linear regression of R&D investment 
 

 Product R&D Process R&D Aggr. 
R&D 

 PROD-
REL-IN 

PROD- 
IN 

PROC-
REL-IN 

PROC- 
IN 

TOT- 
IN 

GROUP_PROB 3.04 0.04*** -3.04 0.03*** 0.07** 

 [0.38] [3.27] [-0.38] [3.30] [3.86] 

HQ_DUM 2.99 -0.00 -2.99 0.00 -0.00 

 [1.52] [-0.26] [-1.52] [0.37] [-0.03] 
SIZE 2.72*** -0.01*** -2.72*** -0.01*** -0.02*** 
 [3.31] [-3.78] [-3.31] [-4.89] [-4.90] 
SCIENCE_BASED 18.20*** 0.04*** -18.20*** 0.00* 0.04*** 

 [10.19] [9.01] [-10.19] [1.80] [8.15] 

SPECIALISED_SUPPL 17.64*** 0.01*** -17.64*** -0.00** 0.01** 

 [13.13] [6.03] [-13.13] [-1.97] [3.10] 

SUPPLIER_DOM 3.69** 0.00 -3.69** -0.00 0.00 

 [2.59] [0.86] [-2.59] [-0.52] [0.21] 

Intercept 31.74*** 0.09*** 68.25*** 0.07*** 0.16*** 

 [4.70] [4.45] [10.10] [6.14] [5.96] 

N 3696 3696 3696 3696 3696 

F 42.58*** 27.41*** 42.58*** 12.76*** 20.87*** 

Prob > F 0.00 0.00 0.0 0.00 0.00 

R2 0.06 0.11 0.06 0.04 0.10 
 
t-values in brackets, adjusted for heteroskedasticity (Huber (1967) and White (1980) sandwich estimator of variance) 
*, **, *** denote statistical significance at the 0.1, 0.05, and 0.01 level, respectively. 
 

Table 8 reports the results of the regressions on R&D performance and efficiency, which serve as 

tests for Hypotheses 4, 5, and 7. Before we turn to the analysis of R&D efficiency we first take a 

brief look at the influence of the probability of coordinated strategies (GROUP_PROB) on R&D 

performance or output (see PROD-OUT, PROC-OUT, and TOT-OUT in Table 8). 

Interestingly, the tendency of firms with coordinated strategies to invest more in R&D, which we 

observe in Table 7, is associated with a lower output of product, process, and aggregate R&D. 

We find that the respective coefficients of GROUP_PROB in Table 8 are negative and 

statistically significant. Consequently, the probability of being part of a group is also negatively 

related to the efficiency of product, process, and aggregate R&D, as the statistically significant 

coefficients of GROUP_PROB show. In the multivariate analysis we can therefore support 

Hypotheses 4 (b), 5 (b), as well as Hypothesis 7. Again, as argued in connection with the non-
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parametric tests, we interpret the negative R&D efficiency of coordinated strategies as a strong 

indication that other effects, like externalities, explain the higher R&D investment levels, as 

shown in the tests of Hypotheses 1 and 2. 

 

Table 8: Linear regression of R&D performance and efficiency  

 Product R&D Process R&D Aggregate R&D 
 PROD-

OUT 
PROD-

EFF 
PROC-
OUT 

PROC-
EFF 

TOT-
OUT 

TOT- 
EFF 

GROUP_PROB -12.22*** -1.56** -6.09* -3.77*** -18.32*** -3.09*** 
 [3.03] [-2.04] [-1.67] [-4.74] [-4.12] [-3.96] 
HQ_DUM -2.12 0.13 -0.70 -0.04 -2.82 0.08 
 [-1.24] [0.38] [-0.43] [-0.10] [-1.42] [0.30] 
SIZE 0.80 0.57*** 0.38 1.15*** 1.18 0.85*** 
 [1.12] [3.43] [0.57] [8.11] [1.47] [4.19] 
SCIENCE_BASED 13.63*** -0.53*** -8.60*** -0.81** 5.03*** -0.61*** 
 [8.12] [-2.79] [-6.22] [-2.41] [2.77] [-5.67] 
SPECIALISED_SUPPL 12.08*** -0.18 -6.37*** -0.51** 5.72*** -0.34*** 
 [10.18] [-1.13] [-5.84] [-2.06] [4.27] [-3.51] 
SUPPLIER_DOM 1.89 0.26 -0.68 -0.04 1.20 0.09 
 [1.61] [1.41] [-0.57] [-0.16] [0.88] [0.61] 
Intercept 25.73*** -4.08*** 23.56*** -8.67*** 49.30*** -6.20** 
 [4.45] [-2.93] [4.35] [-7.44] [7.46] [-3.72] 
N 3696 3696 3696 3696 3696 3696 
F 29.21*** 8.45*** 13.39*** 17.50*** 11.81*** 13.65*** 
Prob > F 0.00 0.00 0.00 0.00 0.00 0.00 
R2 0.05 0.02 0.02 0.03 0.02 0.06 
 
t-values in brackets, adjusted for heteroskedasticity (Huber (1967) and White (1980) sandwich estimator of variance) 
All coefficients in the efficiency regressions are divided by 104 
*, **, *** denote statistical significance at the 0.1, 0.05, and 0.01 level, respectively. 
 

5. Concluding Remarks 

 

The purpose of this paper is twofold. As a contribution to theory building, this paper proposes a 

generalized model where market externalities explain differences in firms’ propensity to invest in 

product and process R&D. Specifically, our model predicts that the coordination of strategies 

induces firms to internalise strategic effects of product and process innovations, which lead to 

different levels of R&D investment than independent decisions. Taking into consideration that 

process and product R&D may exercise different externalities, our model predicts specific 
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relations between the signs of the externalities and the direction of change of relative R&D 

investment. The empirical results largely support our theoretical predictions. 

 

A second contribution of this paper are the implications for management and policy makers that 

can be derived from the empirical analysis of our model.26 With regard to managerial implications 

the empirical findings provide a better understanding of how market externalities affect a firm’s 

approach to innovation. In line with Filatotchev et al. (2003) we find that firms that belong to a 

group invest significantly more into aggregate R&D than independent firms. Our results show 

that this applies both to product as well as process R&D. Despite higher absolute investment in 

both types of innovation, a bivariate analysis indicates that the R&D portfolio of firms that 

belong to a group is more intensive in product R&D. In a multivariate setting this result is 

attributed to firm size. The most important implication for managerial decision making probably 

is that these results are not driven by efficiency gains for firms in a group. In fact, despite higher 

total R&D investment, firms in a group have a lower R&D efficiency than independently 

competing firms, particularly in process R&D. On the basis of our model this implies that a 

firm’s intensity in product, process and aggregate R&D crucially depends on the externalities of 

these two types of innovative activities and on the firm’s ability to internalize them. 

With regard to policy implications, the empirical results enable us to identify the type of 

externalities of product and process R&D in the Italian manufacturing industry, which can serve 

as a basis for more specific recommendations. Referring back to Table 1, the multivariate results 

position our Italian sample in the first row and first column. Based on the assumptions 

underlying our theoretical model, the empirical results thus indicate that coordinated decisions on 

R&D portfolios are affected by the internalisation of positive externalities, both in product R&D and 

in process R&D. 

 

                                                 
26 Particularly for the implications, please note the data limitations discussed in connection with the data description. 
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Positive externalities in product R&D point towards a relatively low substitutability of Italian 

product innovations, indicating R&D activity in rather isolated niche markets. This corresponds 

with a distinct feature of Italian groups, namely that they are made up of small and medium sized 

firms, which tend to serve niche rather than mass markets (Filatotchev et al., 2003). The notion 

that innovative activities in Italian manufacturing concentrate on relatively small markets is also 

supported by the fact that products that are new to the Italian market constitute only 3.8 percent 

of total manufacturing turnover (Evangelista et al., 1997). From a policy viewpoint, these results 

suggest that, although the apparently low substitutability of product innovations is connected to 

higher R&D investments in coordinated activities, this comes at the price of lower R&D 

efficiency. The integration and joint coordination of formerly independent R&D activities should 

therefore be considered with care. 

 

Positive externalities in process R&D indicate relatively high technological spillovers in this type of 

innovation. This corresponds to earlier findings that, particularly in Italian smaller firms, 

innovations processes are often informal and hence less protected, even when firms operate 

within groups (de Marchi and Rocchi, 2000). Combined with the fact that the Italian industry is 

traditionally specialised in ‘mature’ technologies (de Marchi and Rocchi, 2000; Evangelista et al., 

1997), where process R&D is prominent, relatively high spillovers (positive externalities) in this 

type of innovative activity are likely. Our results suggest that the internalization of such spillovers 

relate to a higher level of process R&D in coordinated efforts. However, we also find that 

process R&D in groups is less efficient than independent research. If internalization and 

coordination is the answer to spillovers, then, from a policy perspective, it is important to note 

that the costs and benefits of decreasing spillovers in process R&D (e.g. through more effective 

knowledge protection) may be offset by changes in efficiency. 
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The fact that we do not find a significant difference in the ratio of product vs. process R&D 

indicates similar slopes of the marginal R&D cost functions. As the Italian industry is rather 

mature, and as we are analysing a sample that averages all Italian manufacturing industries in 

various stages of their technological life cycles, this result is not surprising. It does, however, 

point towards an interesting avenue for further research. Industry specific analyses may provide 

deeper insights into the dynamic aspects of the role of externalities, particularly as Klepper (1996) 

suggests that we should observe different levels of opportunities in product vs. process 

improvements over the evolution of an industry. 
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