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Abstract: Taking absorptive capacity effects on research
spillovers into consideration, this paper focuses on the R&D
investment decisions and the output decisions of labor-managed
firms. Based on the general model of the cost-reducing R&D,
the strategic interactions of output and R&D investment between
labor-managed firms in a duopoly are analyzed. Moreover, the
impact of absorptive capacity effects on optimal output in the
production stage is discussed. In the R&D stage, the impacts of
absorptive capacity effects on the equilibrium R&D investment in
cooperative and non-cooperative R&D are analyzed. Finally, the
R&D strategy of labor-managed firms is compared with the
behavior of profit-maximizing firms. The results show that
equilibrium R&D investment is always higher than that in the
exogenous spillover rate, which is similar to the behavior of the
profit-maximizing firms. However, unlike the profit-maximizing
firms, the impact of the absorptive capacity that affects the
relationship between the optimal output and its own(rival’s) R&D
is shown to be dependent upon a return-to-scale of the
production.
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rowing empirical evidence supports that a firm’s own

R&D, besides increasing its innovative ability, can al-
so contribute to realizing spillovers from other firms’ R&D
efforts. This is the second face of R&D, namely absorptive
capacity, which derives from its own R&D efforts as a
measure of the ability to benefit from other firms’ R&D ac-
tivity'"'. Cockburn and Henderson claimed that firms in
the pharmaceutical industry must invest in absorptive capaci-
ty in order to be able to benefit from publicly funded basic
research. Klette et al. " presented a more recent survey of
the empirical literature on spillovers and on absorptive ca-
pacity. In addition, some researches focus on the theoretical
study. Cohen and Levinthal' first set up a model with ab-
sorptive capacity effects to analyze the factors that influence
absorptive capacity. Kamien et al. " set up a three-stage
game in which the absorptive capacity is influenced by both
the R&D approach and the R&D budget; they examined
how to choose an R&D approach and an R&D budget.
Grunfeld® analyzed how an R&D investment decision is af-
fected by spillovers with absorptive capacity. Wiethaus'”
explored how the firms choose an R&D approach with ab-
sorptive capacity effects and found that competing firms can
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also adopt identical R&D approaches. Leahy and Neary™
specified a general model of the absorptive capacity process
and showed that costly absorption capacity can both raise the
effectiveness of a firm’s own R&D and lower the effective
spillover coefficients.

There have been significant advances in theoretical model-
ing of the R&D behavior of firms when considering absorp-
tive capacity. However, all these contributions focus on
profit-maximizing firms( henceforth, PM firms, or PMF).
There still exist some firms in Yugoslavia, America, Eng-
land, France, Germany, China, and Italy, etc., who do
not aim at maximizing profit, but strive to maximize share-
per-worker, namely labor-managed firms ( henceforth LM
firms, or LMF). The LM firms range from all kinds of co-
operatives, stock cooperative enterprises, and some enter-
prises derived from state-owned enterprise reform, such as
Plywood cooperatives, the Spanish Mondragon cooperation
complex, employee stock ownership plans.

In this paper, we analyze how R&D investment decisions
are affected by R&D spillovers between labor-managed
firms, considering that R&D investment improves absorp-
tive capacity.

1 Model

The framework in our model of cost-reducing R&D with
spillovers is according to Ref. [9]. Here firms choose their
R&D investment level in the first stage, and play a regular
Cournot game in output in the second stage. The subgame
perfect equilibrium output and investment level are identified
using backward induction.

Suppose that there is a well-behaved production function
in which the output is only a function of labor: ¢ = f(1),
f'(D) >0 and f"(I) <0. These restrictions on the production
function imply that the average product rate of labor is grea-
ter than or equal to its marginal product( For example, with
a production function of the form f = [°). The output
elasticity of employment & = If’/f. If the production function
exhibits CRTS, & = 1. Under increasing-return-to-scale
(IRTS), &£ >1. Under decreasing-return-to-scale( DRTS),
£ < 1. Given this set, based on the Ward model"”, the aim
of the i-th LM firm has the following form,

PR %: [pi _gi(xi’ X,;]f(]’) —Mi(xl_) 0

i i

where p, is the market price of the i-th firm’s product, and
x, represents the R&D investment level. For simplicity, we
assume that p, is defined by a liner inverse demand function,

pi=a—f(1) —dfi(l) (2)

where parameter d denotes cross-price effects. We assume
that the products of the two firms are substitutes, namely 1
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<d <0. And the unit cost function g is

g(x, x;) =c-x,-0,(x)x, 0=<6,(x) =<1 (3)

where c is the initial unit cost component. §, describes the
proportion of R&D that spills over from firm j to firm i,
contributing to a cost reduction. In the AJ approach'”, this
variable is treated as a linear exogenous parameter, namely,
0(x) =B. Here, it is a function of own R&D investment
level.

From Egs. (1)to (3), the objective of the i-th LMF can
be written as

maxV, =

X L,

m, la-c~f —df, +x, +6,(x)x1f(1) —u,(x)
I~ I

i

(4)
2 Absorptive Capacity Effects in Production Stage

In the production stage, the LM firms choose employ-
ment ( consequently output) to maximize share-per-worker.
This process can be derived from the first-order conditions
for optimal employment as

Vi, la-c=2f -df,+x,+0,(x)x)1f, -V,

al, [

i i

0 (5)

2.1 Absorptive capacity effects on production reaction
function

The i-th firm’s marginal revenue is MR, =[a - ¢ - 2f, -
df, +x; +0,(x))x;1f,', and its marginal cost is MC, = V,. It
follows from the first-order conditions that the firm’s reac-
tion function regarding employment is given as [, = [,(1)),

di,  a'V/aLal, dfi(Lf -f)/L ©
d,~  yv/elk T aV/al

Incidentally, the two LM firms’ strategic interaction in
employment can also be expressed as

WV, _—dif. dnfi_ - df(ifi - )
= + - YJ > ¥l Ji7
abal, = 1, P z

i i

(7

where - df;’ f,'/1, < 0 represents the competitive effect;
namely, when the rival j increases( or decreases) its output,
firm i will decrease(or increase)its output. And df’f,/ >0
represents the labor effect; namely, when rival j increases
(or decreases) its output, firm i will also increase (or de-
crease) its output. When aZV,./al,.alj >0( =0, <0), namely
the labor effect > ( =, <) the competitive effect. This im-
plies that the products of the two firms are strategically com-
plementary ( or strategically independent, strategic substi-
tutes) as the production function is DRTS ( or CRTS,
IRTS).

Then both reaction curves are upward-sloping on the (/,,
[;) plane as long as the production function is DRTS. How-
ever, the products of the two firms are strategic substitutes
in the case of conventional PM firms involved in quantity
competition. Why is there some difference between the
LMF and the PMF? Since LM firms strive to maximize

share-per-worker, it will decrease share-per-worker when
they increase the output. Namely, they will increase the
output depending on whether or not they increase share-per-
worker. Usually, when the rival increases the output, share-
per-worker of LMF will decrease. However, if the LMF in-
creases its output, it will reduce the degree of the decrease
of share-per-worker. Consequently, the optimal reaction of
the LMF is also to increase its output when the rival increa-
ses its output. Moreover, when the production function is
CRTS, no interaction between the firms exists, so each
firm’s reaction function is perpendicular to its coordinate ax-
is and each firm’s output is determined independently. This
is also different from the PMF, where interaction among oli-
gopolies is significant.

2.2 Effects of changes in R& D on equilibrium output

Since our model is not a special functional formulation,
but a general case, we determine the comparative-static
effects of changes in the first-stage R&D on optimal second
period employment in a game with absorptive capacity
effects, and compare it with the one in the exogenous spillo-
ver rate. The effects of the i-th LMF’s R&D investment x;,
on its own equilibrium employment /; is
al,  (8V/alax)(FV/b) —(9V,/alal) (8 V,/alox,)

i

0x

. (VNG VL) —(aV,/alal) (8 V,/alal,)
(8)

Proposition 1  If the spillover rate §(x) with absorptive
capacity effects is the same as the exogenous spillover 8, for
the LMF, absorptive capacity effects have positive(no, neg-
ative) impact on the relationship between the optimal output
and its own R&D as the production function is IRDS
(CRTS, DRTS). Moreover, given a CRTS production, an
increase in R&D raises the LMF’s own equilibrium output.

Proof Supposing

o ~ L V/ab) (fil, =) x,00,/9x,1/1;
(VI (VL) - (9V,/aLal) (87 V9L al)

we obtain (9l,/9x,)"” = (9l./dx,)"™ +g"”. The superscript
s denotes the case of the spillover rate with absorptive ca-
pacity effects, and n denotes the case of the spillover rate
with no absorptive capacity effects.

1) When the production function is CRTS, (9/,/9x;) ® =
(9l,/9x,) " since g = 0. Therefore, absorptive capacity
effects have no impact on the relationship between the opti-
mal employment and its own R&D. In addition, the relation
between the i-th LMF’s R&D investment and its own equi-
librium employment can be expressed as

AN (@V/ob)u' (x)/1; -0
(6xi) C (VA (FV/E) —(8V/alal) (9 V,/aldl,)

9
ay (@ V/ol)u' (x)/1; >0
(ax,) ~ @Vl (@ V) — (8, alal,) (8°V,/ a6l

(10)

2) Under IRTS, g > 0. Furthermore, absorptive capac-
ity effects have positive impact on the relationship between
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the optimal employment and its own R&D.

3) Under DRTS, g <0. Furthermore, absorptive ca-
pacity effects have a negative impact on the relationship be-
tween the optimal employment and its own R&D.

Similarly, the effects of the i-th LMF’s R&D investment
x; on the rival’s equilibrium employment /; is

al\
(ax,.) -

Proposition 2 If the spillover rate §(x) with absorptive
capacity effects is the same as the exogenous spillover 8, for
the LMF, absorptive capacity effects have negative ( no,
negative) impact on the relationship between the optimal out-
put and the rival’s R&D as the production function is IRTS
(CRTS, DTRS). Moreover, given a CRTS production,
there is no correlation between the i-th LMF’s R&D invest-
ment and the j-th LMF’s equilibrium output.

Proof Supposing

(FV/INTV/dlox,)) —(8°V/alax,) (8 V,/alal,)
(& VALY (FV,/l) =(8V,/alal) (5 V,/ol,al,)

o LA = 1) (3 1) %90/ ax,1/ (L 1)
PV (VL) - (8°V/aLal) (97V,/ 3l al,)

we obtain (al,/dx,)" = (al,/ax) ™ +h".

@ Under CRTS, (al/ax,)™ =(al/ax,)™ =0.

® Under IRTS, h'” <0. Furthermore, absorptive capac-
ity effects have a negative impact on the relationship be-
tween the optimal employment and the rival’s R&D.

®) Under DRTS, %" <0. Furthermore, absorptive ca-
pacity effects have a negative impact on the relationship be-
tween the optimal employment and the rival’s R&D.

3 Absorptive Capacity Effects in R& D Stage

d’Aspremont™ first analyzed the equilibrium of coopera-
tive R&D with a two-stage duopoly model. Later, Choi,
Suzumura, Beath, Bondt, Kamien et al. explored research
joint ventures ( RJV) with a two-stage game based on
d’Aspremont’s study. And Nicholas, Katsoulacos, Kultti,
Kamien, Atallah et al. proposed three-stage models by in-
troducing new decision variables. However, besides the co-
operative and non-cooperative R&D, the organization
modes of R&D have other intermediate forms, such as a
cost-sharing mode, an information-sharing mode. For the
intermediate forms, Hu et al. """ proposed spillover rate 8 as
the collaboration degree of R&D. Therefore, we only need
to analyze the non-cooperative and cooperative modes be-
cause the intermediate forms can be expressed by spillover
rate (3.

In a non-cooperative game, LM firms compete in both
the research and production stages. However, in a coopera-
tive game, they choose R&D efforts cooperatively, but
compete in the output market.

3.1 Absorptive capacity effects on non-cooperative R& D

When the i-th LMF non-cooperatively chooses R&D in
the first stage, the first-order conditions with respect to
R&D investment are given by

av, av,al,
ax, ol ox,

avial, oV, aV.al, v,
Ly —Lt=—1Jy
al, 0x,  ox, 9l ox,  ox,

i

[ —df'f.(al/ax,) + (1 +x,(060,/0x))f, —u;]
l.

i

(1D

Under CRTS, the equilibrium R&D investment level X in
a game with absorptive capacity effects can be computed by

AV, 11 +x,(80/0x)1f, —u;
ax, 1,

i i

=0 (12)

Namely,

a0,
fx[lx(xz)] _M;(Xi) +5C./' ax’fl[l,(ic,)] =0

i

(13)

On the other hand, the equilibrium R&D investment level
X in a game without absorptive capacity effects can be com-
puted by aV./dx, = (f; —u,") /I, =0, namely,

f;[ll('xAJ)] _ME(XA[) =0 (14)
From Egs. (13)and (14), we obtain
.f;[ll(-xA,)] —M;(.XA,-) :f:[ll(jc,)] _u,,'(x[) +
x,(96,/0%)f[1,(x)] =0 (152)
[‘ﬁ(l;(xAL)) _u’[(-xAi)] _[f‘[(l,(xl)) _M’[(X,')] =
X,(00,/9x) f,[1(x)] (15b)

For 9°V,/0x; <0, f, —u," will decrease with the increase
inx. If £=x, [f,([(%)) —u' ()] - [f,(1(X)) —u;(X)]
<0, which is inconsistent with ¥,(06,/9%,)f;[/;,(x,)] > 0.
Consequently, £ < Xx.

Proposition 3 Under CRTS, if the spillover rate (x)
with absorptive capacity effects is the same as the exogenous
spillover B in a non-cooperative game, the equilibrium R&D
investment in the game with absorptive capacity effects will
always be higher than the one in the exogenous spillover
rate.

Incidentally, 9°V,/dx,dx; =f,(96,/dx,)/1, >0. This im-
plies that the R&D investments of the two LM firms are
strategically complementary when considering absorptive ca-
pacity effects. So both reaction curves are upward-sloping
on the (x,, x;) plane as long as the production function is
CRTS. However, the R&D investments of the two LM
firms have no interaction under the exogenous spillover rate.
Thus, under CRTS, the R&D reaction curve of the i-th
LMF becomes perpendicular to the coordinate axis on the
R&D plane (x;, x;)in the game without absorptive capacity
effects.

3.2 Absorptive capacity effects on cooperative R& D

When the i-th LMF cooperatively chooses R&D to maxi-
mize the joint profits with respect to R&D investment in the
first stage,

maxV =max(V, +V)) (16)

Similarly, the equilibrium R&D investment can be com-
puted by

av _avial, aviel, av, av,_
ax, ol ox, a9l ox,  ox,  ox,

i i

0 (17)
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Under CRTS, 9l/,/9x; =0. And Eq. (17) is reduced to

av _fil6, —dfif,(al,/9x)] . [1+x,(00,/0x)]1f; - u;
ox, I3 [

j i

=0
(18)

We denote X as the equilibrium R&D investment in a
game with absorptive capacity effects. And the equilibrium
R&D investment £ in a game without absorptive capacity
effects can be computed by

av _fL6, —dfif(al/ox) 1 f—u;

ax, I, o c0 a9
From Eqgs. (18)and(19), we obtain
L6, = dfif,(al./ax,) ] . [1+Xx,(06,/0%)]1f, —u; _
l; l; -
f,[a, _df,,'fj(ali/a)ei)] f, - u;
+ =0
L l,
16. =df' f.(ol./ox. —-u'.
Defining g(x) :ff[e’ f‘J;’( /%) +f' lu ‘. we ob-
i i
tain
N _ Xx.(00,/0x,)f;
g(%) —g(x) =% (20)

i

For g'(x) =9’ V/ax; <0, g(x) will decrease with the in-
crease of x. If £=Xx, g(X£) — g(X) <0, which is inconsistent
with [X;(96,/9x,)f;1/1, >0. Consequently, £ <X.

Proposition 4 Under CRTS, if the spillover rate 0( x)
with absorptive capacity effects is the same as the exogenous
spillover 8 in cooperative game, the equilibrium R&D in-
vestment in the absorptive capacity game will always be
higher than the one in the exogenous spillover rate.

3.3 Comparison of R& D investments between non-co-
operative and cooperative R& D

In the Brander-Spencer model', there exist over-invest-
ment effects whenever there are no spillovers. As shown in
the AJ model™, the over-investment effect is not necessari-
ly valid in the game with spillovers since spillovers force
down the equilibrium R&D investment level. But in the
model of Grunfeld with spillovers affected by absorptive
capacity effects, whether PMF will over-invest or under-in-
vest depends on the learning effect. How about the case of
the LMF?

Under CRTS, using the first-order conditions ( 12) and
(18), and further evaluating (12) at the optimal point of
(18), we obtain the following equation:

(LV)““_(LV‘.)"" :f,[ej—df;f,(al,./ax,.)] (1)

0X; ax, L
where f;[ 6, - df,'f,(8l,/9x,)1/1; is the external effect, which
appears in cooperative R&D. The superscript nn denotes the
case of non-cooperation both in the R&D and the production
stages, cn denotes the case of cooperative R&D and Courn-
ot competition in output. The sign of this effect may be pos-
itive or negative. If §,=df,'f,(al,/0x,), (al,/ox)" =(al/

ax)™, de., (x)"=(x)™.

Proposition S Under CRTS, the equilibrium R&D in-
vestment in the cooperative game can exceed the one of a
non-cooperative game for a large spillover with absorptive
capacity. And it will be less than the one of a non-coopera-
tive game for a small spillover.

4 Comparison of LM Firms with PM Firms

For the sake of convenience when comparing the differ-
ences between the LMF and the PMF under same condi-
tions, we set up a similar model of profit-maximizing firms
as

maxr, =(p,+x, +0.x)f; —u(x) —wl, (22)
where w, is the wage per worker. The first-order conditions
for optimal employment are as follows:

am
al,

i

“=[a-c-2f —df +x,+0,(x)x,]1f =0 (23)

The two PM firms’ strategic interaction in employment
can be expressed as
&m dff)

alal, =~ 1, <0

i

Consequently, the products of the two firms are strategic
substitutes in the case of a PMF involved in Cournot compe-
tition. However, the strategic interaction of the output be-
tween LMFs depends upon return to scale of the production.

4.1 Effects of changes in R& D on equilibrium output

The effect of the i-th PMF’s R&D investment x; on its
own equilibrium employment /; is

al (s)
(ax,-) B

Supposing

(@ /olox) (@m0 — (8 olol) (8 /ol ox)
(8w /o) (8 /ol) = (3 ar./ ool ) (9, ol al,)
(24)

(/o) f x,00,/ dx,
(8a,/ o) (8L = (8 ar,/al,0l) (8 r,/ 9l o)

(s)

8§ ==

when 6(x) =, we obtain (al,/ax,)™ =(al,/ox,)™ +g*. Due
to g >0, absorptive capacity effects have a positive impact
on the relationship between the optimal employment and its
own R&D.

Similarly, the effects of the i-th PMF’s R&D investment x;
on a rival’s equilibrium employment /; is

al"Y
(ax,-) )

Supposing

@/l (@ olax) —(F i/ olax) (5w /lol,)
(& /o) (/L) = (3 ar./olol) (9, ol al,)
(25)

o _ - d(f})*f/x,00./ ox,
(/) (/L) - (9ar/alal) (9, /alal,)

when 0(x) =8, we obtain (al/ax,)" =(al/ax) " +h".
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Due to hY <0, absorptive capacity effects have a negative
impact on the relationship between the optimal employment
and a rival’s R&D investment.

Result 1 If the spillover rate #(x) with absorptive ca-
pacity effects is the same as the exogenous spillover 8, for
the PMF, absorptive capacity effects have a positive impact
on the relationship between the optimal output and its own
R&D, and a negative impact on a rival’s R&D; for the
LMF, however, the impact of absorptive capacity effects on
the relationship between the optimal output and its own( or a
rival’s) R&D is shown to be dependent upon return to scale
of the production.

4.2 Effects of absorptive capacity on R& D investment
4.2.1 Absorptive capacity on non-cooperative R&D

For the PMF, the equilibrium R&D investment level X in
a game with spillovers affected by absorptive capacity
dm; 9m;dl, om

—=—"14+——"=0. And the
ax;, al,9x, ox,
equilibrium R&D investment level £ in a game without ab-
dm; 9w, dl;

= L+
9%, 9l a%,

effects can be computed by

sorptive capacity effects can be computed by

o,
—==0. Accordingly,
0% ccordingly
om, om.ol, 9w, om, 9l dm, _, 96,
— = — t = (f"’h )+7A+f,» -
ax, ol ox, ox, Il \ox, 0%, 0x,
(26)

Defining A(X;) = d7,/9X,, we obtain A(X,) — A(X,) =
- dff,h"” +f,00,/9%, >0 since h'” <0. Consequently, £ <
X.
Result 2 If the spillover rate #(x) with absorptive ca-
pacity effects is the same as the exogenous spillover B in the
non-cooperative game, for the PMF, the equilibrium R&D
investment in the game with absorptive capacity is always
higher than the one in the exogenous spillover rate. For the
LMF, there are the same results as for the PMF under
CRTS. Under IRTS or DRTS, however, the results are un-
certain.
4.2.2 Absorptive capacity on cooperative R&D

If the PMFs coordinate their R&D investments, in the
first stage the objective is to maximize joint profits, i.e.,

max (7, +1r;) i=1, 2; i#j

The first-order condition is

om Omdl, omol, om, om, 0
— = — + =
ox, al; ox,

+
; al, dx;  dx;  Ix,

i i

7. ol

L)

—
al; ox,

Each firm internalizes the externality, namely,

T With absorptive capacity effects, the equilibrium R&D

i

investment level x can be computed by

(g;)(s) _ _dfﬂ(gii) —dfﬁﬁ(j;’i) +f,{1 +xj(2%)] -
u (%) +6,f,=0

On the other hand, the equilibrium R&D investment level
X in the exogenous spillover rate can be computed by

(5) = -an(ig) - 55)

£ (%) +Bf, =0

Defining A(%,) = dm,/0X;, for 6(x) =B, we obtain A(X,)
—A(x) = —dfif;h"” -df fg" +f,00/9%, >0. Conse-
quently, £<X.

Therefore, in cooperative R&D, the results of the PMF
and the LMF is the same as those in the case of non-cooper-
ation, namely result 2.

5 Conclusion

In this paper, we have explored the intrinsic quality of
R&D spillovers. R&D directly increases the firm’s absorp-
tive capacity as well as its profitability. Focusing on the be-
havior of labor-managed firms, we discuss the impact of ab-
sorptive capacity effects on the output decision and the R&D
investment decision. Our research shows that the existence
of absorptive capacity can encourage LMF’s R&D invest-
ment in order to benefit from other firms’ R&D activity;
namely, the equilibrium R&D investment in the absorptive
capacity game is always higher than the one in the exoge-
nous spillover rate, which is the same as the behaviors of
the PMF. The main reason is that the benefits from R&D
investment are always higher than the benefits without ab-
sorptive capacity effects. And absorptive capacity effects
have positive impact on the relationship between the optimal
output and its own R&D in the PMF. However, the results
are uncertain in the LMF. Because in the PMF, R&D in-
vestment is in proportion to its own output, absorptive ca-
pacity effects increase the benefits from the R&D invest-
ment, and, consequently, raise its own output. On the oth-
er hand, the R&D investments are in inverse proportion to a
rival’s output, so absorptive capacity effects increase the
benefits from the R&D investments, and, consequently, re-
duce a rival’s output. But the result is uncertain for the
LMF due to the difference in objective functions.
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