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1 Introduction

This paper revisits the Cournot-Bertrand comparison of firms’ incentives to invest in cost
reducing (process) R&D. Developing a model of differentiated network goods duopoly,
where firms non-cooperatively choose levels of investments in process R&D before engaging
in product market competition, this paper demonstrates the following. First, while network
externalities have a positive effect on R&D regardless of the nature of product market
competition, the effect is larger in the case of Bertrand competition compared to that in
the case of Cournot competition. Second, and more importantly, Bertrand R&D is higher
than Cournot R&D, unless network externalities are sufficiently weak. These are new

results.

Analyses of the equilibrium investment levels in process R&D in the case of non-network
goods oligopoly suggest that under Cournot competition firms invest more in process R&D
than that under Bertrand competition (see, for example, Qiu (1997) and Lin and Saggi
(2002)).! This is because an increase in a firm’s investment in process R&D has, not
only a direct positive effect, but also a strategic effect on its profit, which works through
influencing rival firm’s strategic variable — quantity or price. While under Cournot com-
petition the strategic effect is positive, it is negative under Bertrand competition. The
reason for this ranking to be reversed in network goods oligopoly under certain conditions
is as follows. When firms produce network goods, an increase in output (or a decrease

in price) of a firm enhances consumers’ expectations regarding network size, which shifts

! Bester and Petrakis (1993) argue that Bertrand competition may provide a firm greater incentive
to undertake process R&D than Cournot competition depending on the degree of product differentiation,
when process R&D involves a fixed amount of investment and the extent of marginal cost reduction due
to process R&D is exogenously given. Subsequent studies, including Qiu (1997) and Lin and Saggi
(2002), demonstrate that, if the extent of marginal cost reduction depends on the level of investment in
R&D, Cournot competition leads to higher R&D investments than Bertrand competition, regardless of the
degree of product differentiation. Bonnano and Haworth (1998) reaffirms this Cournot-Bertrand ranking

of process R&D in the case of vertically differentiated products.



its demand curve outward and that in turn has a positive effect on its profit. Thus, in
the presence of network externalities, an increase in a firm’s investment in process R&D
has an additional positive effect (henceforth, network effect) on its profit regardless of the
nature of competition. Further, Bertrand firms play more aggressively in the product mar-
ket than Cournot firms even in network goods oligopoly and more aggressive play has an
indirect positive effect on profits, via consumers’ expectations, which is larger in the case of
stronger network externalities (Pal, 2014). As a result, the positive network effect is larger
under Bertrand competition than under Cournot competition and it over compensates for
the negative strategic effect under Bertrand competition, unless network externalities are

sufficiently weak.

Starting with the seminal works of Farrell and Saloner (1985, 1986) and Katz and Shapiro
(1985, 1986), a number of studies have examined the implication of network externalities
on product development and introduction of new products by oligopolistic firms in differ-
ent scenarios.? However, the literature on process R&D in the context of network goods
oligopoly is rather sparse. Boivin and Vencatachellum (2002) and Saaskilahti (2006) are
the only two exceptions in this regard. While Boivin and Vencatachellum (2002) argue that
firms in Cournot oligopoly tend to invest more in process R&D in the presence of network
externalities compared to that in absence of network externalities®, Saaskilahti (2006) fo-
cuses on possible implications of product compatibility and product quality on investment
in process R&D in a linear city model of price competition. This paper contributes to this
literature by exploring the effects of the nature of product market competition and the

strength of network externalities on firms choice of investment in process R&D.

2See, for example, Katz and Shapiro (1992), Kristiansen and Thum (1997), Kristiansen (1996, 1998),

Cerquera (2006) and Xing (2014).
3They also argue that multiple R&D equilibria may exist in the case of non-linear network effects.



2 The Model

Consider an industry with two profit maximizing firms, firm 1 and firm 2, producing differ-
entiated network goods and are engaged either in Cournot competition or in Bertrand com-
petition in the product market. Following existing literature on network goods oligopoly,

we consider that the inverse demand function faced by firm i is as follows.*

where p; and ¢; denote price and quantity, respectively, of good 7. v; is consumers’ ex-
pectation regarding firm ¢’s total sales. a > 0, € (0,1) and n € [0,1) are preference

parameters. Lower value of  indicates higher degree of product differentiation. The

parameter n (= g—gf) measures the strength of network externalities — higher value of n

indicates stronger network externalities. Corresponding direct demand function of firm
is given by

qi:a(l—ﬁ)—pi;r_ﬁzg;nyi(l—ﬁ), Q=12 i (2)

Firms invest in cost reducing process R&D. The cost function of firm i (= 1,2) is given by

Ci(gi, z:) = (¢ — 3;)g; + 5x2, where ¢ € (0, ) is the marginal (average) cost of production

in absence of R&D investment, z; € [0, ¢] is the amount of investment in R&D and 3z? is

the cost of investing x; amount in R&D by firm 7. For simplicity, we assume that \ > 5\,

2a(2—n—pB?)
c(1-8)(2-n+p)*(2—n—p

where \ = ;> 0.5

Stages of the game involved are as follows. In the first stage, each firm simultaneously and

independently decide the level of investment in R&D so that its profit is maximized. In the

4See, for example, Economides (1996), Hoernig (2012), Chirco and Scrimitore (2013), Pal (2014)
and Pal (2015). The underlying utility function of the representative consumer can be written as U =

m+o(q +q2) — 26 + @3 +2Bq142) + n[(y1 + By2)ar + (y2 + By1)ae — 2 (y? + 3 + 2By1y2)], where m is

the quantity of numeraire good.
5These parametric restrictions ensure that, in each of cases analyzed in the paper, the equilibrium

outputs are positive, x; € [0, | is satisfied in the equilibrium, and both the second order condition and the

stability condition are satisfied.



second stage, firms engage either in Cournot competition or in Bertrand competition in the
product market. The mode of product market competition is exogenously determined and
it is common knowledge. We solve this game by the standard backward induction method
by considering Cournot competition and Bertrand competition respectively in Section 2.1

and Section 2.2.

2.1 Cournot Competition

If firms are engaged in Cournot competition in the product market, the second stage prob-

lem of firm i can be written as Mazx mi(q:, 453 Vi, Yj, i) = pilqis 453 Y, Y5)6 — Cil i, i), 4,7 =
qi

1,2;4 # j, where p;(.) is given by equation (1). From the first order condition of this max-

imization problem, we obtain firm i’s quantity reaction function as follows.

REC: q= STl gz 3

Clearly, a firm’s quantity reaction curve shifts outward due to higher consumers’ expecta-
tion regarding (a) its own sales and (b) its rival’s sales, though the effect of the latter is
smaller than that of the former. Further, such shifts are larger in the presence of stronger
network externalities. Following Katz and Shapiro (1985) and subsequent studies, we
consider that consumers’ expectations satisfy ‘rational expectations’ conditions. That is,
y1 = q1 and y; = ¢ are satisfied in the equilibrium. Solving RFC and RF{ along with
the conditions y; = ¢; and y, = ¢9, we get the second stage equilibrium outputs of firms
as follows.

Elonarm = QM2 =B} + 2= )z = 51 =)z,
7 RV B) (2_n>2_52<1_n)2

, b =120
(4)

dqf (wi,5;m) 9qf (wizjin) 9qf (wi,zjin) 9qf (wixjin) | 9 19af (wiyzjin)
It follows that — oz, > 0, 6—351 < O, | Oz, ‘>| dz, |, %[8—$1] >

Cloy: m.-
0 and %[W] > 0. Substituting ¢¥(z1, 72;n) and ¢§ (21, 72;n) in profit expressions
J

we get the second stage equilibrium profits: 7 (z;, z;;n), i,j =1,2;i # j.



Next, from the first order conditions of firm i’s problems in the first stage of the game,

Mazx 7€ (x;,x;;n), we obtain its R&D reaction function
Ty

22 —n)[(@—c){2—n—pF(1—n)} — B(1 —n)x]
{(2-n)> = (1 =n)?f?P2A = 2(2 —n)?

Solving R&D reaction functions of firm 1 and firm 2 we get the equilibrium R&D invest-

RRES : x; =

b =121%#7 (5)

ments as follows.

Ce 22—n)(a—c) .
T B a0 n)B2—nt (l—n)f—2@—n) T h* (6)

Upon inspection we obtain the following.

Lemma 1: %25 >0 for alln € [0,1), i = 1,2.

Lemma 1 states that, in the equilibrium under Cournot competition, each firm would invest
more in R&D in the presence of stronger network externalities. The intuition behind this
result is as follows. Note that in the first stage of the game firm ¢ chooses z; in order to

maximize 77 (.), taking x;, ¢; and ¢; as given. Therefore, we have®
drnl(.)  on¢ N 87@-0% Jq;

- ngi 04;

2. 7

+5

An increase in x; affects firm ¢’s profit in three reinforcing ways. The direct effect (the
first term in the right hand side of equation (7)) is positive because an increase x; reduces
its marginal cost. The first order strategic effect (the second term in the right hand side
of (7)) is positive because a reduction in its marginal cost reduces its rival’s output and a
reduction in rival’s output has a positive effect on its profit. The third term in the right
hand side of (7) is the second order effect due to the presence of network externalities,
i.e., the network effect. A reduction in firm 7’s marginal cost increases its output, which

enhances consumers’ expectations regarding its sales and that in turn shifts its demand

6dri () _ onf | On{ o | Onf dq; | On{ dy; Oq; , Omf dy; Oa; s
e = 9 T G oe T e 0e T 5y on ver T By o o Now, (a) by the first order condition
. on’ . . R . 2]
in stage 2 L =0, (b) 227 = 1 since in the equilibrium y; = ¢;, ¢ = 1,2, (c) 677; 3p7 Lg; = ng; and (d)
871', Bp

ay; — oy, 1 = nB3q;.



curve outward and, thus, leads to higher profit. On the other hand, a reduction in firm

1’s marginal cost reduces its rival’s output and, thus, dampens consumer’s expectations

regarding its rival’s sales, which has a negative effect on firm 4’s profit (since gz; =nB>0
). However, since (i) a reduction in a firm’s marginal cost increases its output more than
proportionately than the corresponding decrease in its rival’s output and (ii) products
are differentiated, the effect through consumers’ expectations regarding a firm’s own sales
dominates the effect through consumers’ expectations regarding its rival’s sales. Therefore,

the network effect is also positive. Further, stronger the network externalities, higher is

the network effect of R&D on firm’s profit.

2.2 Bertrand Competition

In the case of Bertrand competition, taking p;, y; and x; as given, firm ¢ decides p; to
maximize its profit m;(p, pj, vi, i) = piqi(pi, pj, i) — Cil@i(pi, vy, vi), x4), 1, = 1,2, i # j;
where ¢;(p;, p;,y:) is given by equation (2). Solving firm ¢’s problem, we get its price

reaction function as follows.

REB . p, = a(l — B) + Bp; + (’32_ ;) +n(l — 5%)y; (8)

Note that, higher consumers’ expectation regarding a firm’s sales shifts it price reaction
curve outward and such shift is greater in the presence of stronger network externalities.
However, consumers’ expectation regarding rival’s sales does not have any effect on its
price reaction function, unlike as in the case of Cournot competition. Solving price reaction
functions, RFP and RFP, together with ‘rational expectations’ conditions, y; = ¢, and

Yo = @2, We obtain the second stage equilibrium prices as follows.

Blonaym) = 22T B =Bat (=} — (1 —n){@ —n)zi +z}
Y @2 2 ’

=12 i#].
(9)

e P (zi,a; P (zi,aj; P (zi,aj; P (xisx;
From (9) it is evident that w <0, w <0and | (; ZEDN PR (g zin) |
T X T Z 5

for all n € [0,1). Substituting p?(x1, z9;n) and pZ(z1, zo;n) from (9) in profit expressions

7



we get firm i’s second stage equilibrium profit 77 (z;, z;;n), 4,7 = 1,2, i # j. Now, solving
firm 1’s problem in the first stage of the game, Max 7P (z;,;;m), we obtain its R&D
reaction function
RRFB - . = 2(2 _n_BQ) {<a — C)<2 — n"’ﬁ)(l — B) — 6(1 — n)'TQ}
L {(@=n2-pP1-P)r-22-n-p)

Solving RRF? and RRF¥ we get the equilibrium R&D investments under Bertrand com-

(10)

petition as follows.

Bx 20 —c)(2—n—p?%) i
T (1+8)2-n—-pB)22-n+pA—-2(2—n—[2) =1,2. (11)

Form (11) Lemma 2 is immediate.
Lemma 2: ag_i* >0 forallne€[0,1),1=1,2.

Lemma 2 states that, as in the case of Cournot competition, the strength of network
externalities has a positive effect on the equilibrium R&D investment under Bertrand

competition as well. The mechanism behind this result is as follows. We have

deP(.) onP  OnP op; N onP dy; Op;  OnP dy; Op;
dIZ' n 81:2 apj 8171 8yz 8])1 81‘1 (9% 8pj 8962
N drf(.) onP  onf op; np; [ Op; N 681?]:

dr;  Ox N Op; Ox; * (1—n)(1—p52)" Bz ox;

J (12)

; orf _ Oyi _ —1 Oyi __ B 7 : ; ;
sice oy np;, o W and B_pj = W That 1S, an Increase 1 I; affects

firm ¢’s profit via three channels. First, there is a positive direct effect (the first term in
the right hand side of equation (12)) because an increase in x; reduces its marginal cost.
Second, the strategic effect (the second term in the right hand side of (12)) is negative.
This is because (i) a reduction in its marginal cost induces it to set a lower price and that,

in turn, forces a reduction in rival’s price and (ii) a reduction in rival’s price reduces its

"From ‘rational expectations’ conditions we have y; = ¢; and ¢; is given by equation (2). That is,

1-8)—p; i (182 1-58)—p; j onfP :
v = q =y = 21=8 lerLj%]2+ny( B) oy = %. Also note that aLy; = 0, since from

equation (2) we have ggf =0.
J




own profit. Third, there is a positive network effect (the third term in the right hand side
of (12)), which works through effects of prices on consumers’ expectations. In the presence
of network externalities, a reduction in firm ¢’s price enhances consumers’ expectation
regarding its sales and, thus, increases its profit, On the other hand, a reduction in firm j’s
price dampens consumers’ expectations regarding firm ¢’s sales, which in turn hurts firm
i’s profit. Since (a) the negative effect of a firm’s R&D on its price is larger than that on
its rival’s price and (b) in the case of differentiated products the magnitude of the own
price effect on consumers’ expectation regarding a firm’s sales is larger than the magnitude
of the cross price effect, the network effect is positive. Stronger network externalities lead
to larger second order effects of prices, through consumers’ expectations, on firm’s profit.
Thus, the positive network effect of R&D on firm’s profit is larger in the presence of stronger

network externalities.

2.3 Cournot-Bertrand Comparison

Let us now turn to compare equilibrium R&D levels under Cournot and Bertrand com-
petition. In Section 2.1 and Section 2.2 we have observed that, while under Cournot
competition both the direct effect and the strategic effect of an increase in firm s R&D
on its profit are positive and, thus, reinforces each other, under Bertrand competition the
negative strategic effect counteracts the positive direct effect. As a result, in absence of
network externalities, each firm’s incentive to invest in process R&D is stronger under
Cournot competition than that under Bertrand competition a la Lin and Saggi (2002)

and Qiu (1997). Presence of network externalities adds a twist to this comparison.

We have seen that, regardless of the nature of market competition, the network effect of
R&D is always positive and it is larger in the presence of stronger network externalities
(see Lemma 1 and Lemma 2). This is consistent with the finding of Vives (2008) that
an increase in market size raises firms’ cost reduction expenditure under both Bertrand

and Cournot competition. Now, comparing marginal effects of the strength of network



externalities on equilibrium R&D under alternative modes of product market competition
we get the following.

690?* ox

Lemma 3: 0 < - < 65* foralln €10,1),i=1,2.

Lemma 3 states that an increase in the strength of network externalities leads to more
than proportionate increase in Bertrand R&D than Cournot R&D. This is because network
effect is stronger, as firms play more aggressively in the product market, under Bertrand
competition than that under Cournot competition. It implies that in the presence of
sufficiently strong network externalities the equilibrium R&D under Bertrand competition
might be greater than that under Cournot competition. Now, from equations (6) and (11),

we obtain the following.

on_pe_ 20— OFA2 =30+ 2B+ (2= nPnf” — (1= )8 — (2 — )P

(2 K3 H

where H =[(2—n— 821+ 8)2—-n+ A =22 —n—-B)][{2—-n— (1 -n)B}{2 —n+
(1 —n)B}2A —2(2 —n)] > 0, since A > A > 0. Clearly, Sign [z7* — 2B*] = Sign f(n, ),
where f(n,) = [(2—3n+n?)?8+ (2—n)*nB? — (1 —n)*8> — (2 —n)®n|. It can be shown
(. 0,if 0 < n < A(f)

that f(n, 8) ¢ =0, if n = () ; where n(0) = 0, 2(1) = 0.434802 and 57;85) >0

\<0,ifﬁ(ﬁ)<n<1

for all 5 € [0,1]. The dasshed curve in Figure 1 depicts n = n(f) in the Sn-plane. At
each point below (above) the dassed curve, i.e., in (outside) the shaded region, we have
n < (B) (n > n(B)) and, thus, x&* > xP* (xP* > 28*). Tt follows that, for Cournot
R&D to be greater than Bertrand R&D, the strength of network externalities must be

less than a critical value (n(f)), which is smaller in the case of higher degree of product

differentiation.

Proposition 1: If network externalities are sufficiently strong (n > n), the equilibrium

RED under Bertrand competition is greater than that under Cournot competition, regard-

10



less of the degree of product differentiation, where n = 0.434802. Moreover, even when
network externalities are not sufficiently strong (n < 1), Bertrand Ré€D can be higher than
Cournot RED in the equilibrium, unless the strength of network externalities is less than a
critical level. In the later case, the higher the degree of product differentiation, the greater

is the possibility of Bertrand R&D to be higher than Cournot RED.

10
081

0.6

0.2r ="

0.0 = . . 1 . . . 1 . . . 1 . . . 1 . . . ﬁ

Figure 1: Equilibrium R&D - Cournot vs. Bertrand

3 Conclusion

In this paper we have demonstrated that a firm’s incentive to invest in process R&D is
higher in the presence of stronger network externalities, regardless of the nature of product
market competition - Cournot or Bertrand. However, the effect of network externalities on
R&D is greater under Bertrand competition than that under Cournot competition, which
drives the result that Bertrand competition induces firms to invest more in process R&D
compared to Cournot competition, unless the strength of network externalities is less than

a critical level. Clearly, the standard Cournot-Bertrand R&D ranking reverses in network

11



goods industries for a wide range of parametric configurations. We, thus, offer new insights
to understand the effects of product market competition on firm’s incentive to innovate.
Our results are relevant to the literature on optimal technology licensing agreements in

oligopoly.
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