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This paper examines two three-stage games with a labor-managed income-per-
worker-maximizing firm and a profit-maximizing firm. In the first stage, the labor-
managed firm (resp. the profit-maximizing firm) decides whether to make a com-
mitment to capacity. In the second stage, the other firm decides on a commitment
to capacity. In the third stage, both firms non-cooperatively choose quantities. The
paper shows the equilibrium outcomes of the two three-stage games. The paper
then finds that the introduction of capacity commitment into the analysis of three-
stage mixed market games is profitable for the labor-managed firm while it is not
profitable for the profit-maximizing firm. (JEL: C72, D21, L20)

1. Introduction

The possibility of firms using excess capacity
as a strategic instrument in duopolistic competi-
tion has been examined by many economists.1

For example, this idea is presented in a two-
stage model by Dixit (1980) and is extended to
a three-stage model by Ware (1984). Dixit
shows that an incumbent installing excess ca-
pacity in the first stage is able to deter a poten-
tial entrant in the second stage. Ware examines
the three-stage model in which an incumbent
installs capacity in the first stage, an entrant in-
stalls capacity in the second stage, and a quan-
tity equilibrium is established in the third stage.

* The author would like to thank Andreas Wagener (the
co-editor) and an anonymous referee for helpful comments
and suggestions on earlier drafts of this paper.

1 See Tirole (1988) and Gilbert (1989) for excellent sur-
veys of strategic capacity investment.

he concludes that although his three-stage equi-
librium is qualitatively similar to Dixit’s two-
stage equilibrium, it differs in that the strategic
advantage available to the first mover is less-
ened. Furthermore, Poddar (2003) examines a
two-stage model of strategic entry deterrence (a
la Dixit 1980) under demand uncertainty and
shows that to improve its strategic position in
the product market competition an incumbent
will choose a level of capacity that may remain
idle in a low state of demand.

We study the behavior of labor-managed and
profit-maximizing capitalist firms. Labor-man-
aged firms have existed in Western economies
since the advent of the factory system. The old-
est surviving labor-managed firms in the united
Kingdom and italy appeared in the nineteenth
century (Bonin, Jones, and Putterman, 1993).
Furthermore, after the second World War, the
right to manage a firm in the former Yugoslavia
was, within the limits determined by law, in the
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hands of its employees (Furubotn and Pejovich,
1970).

The labor-managed firm in all Western Euro-
pean countries grew significantly between the
early 1970s and the early 1980s, for example,
from 4,370 firms in 1970 to 11,203 in 1982 in
italy and from 522 to 933 firms in France over
the same period. Furthermore, in the united
Kingdom the number of labor-managed firms
rose by almost 1,000% and employment by
133% between 1976 and 1981 (Estrin, 1985). in
the united states, the most notable presence of
labor-managed firms is in the plywood industry
in the Pacific northwest where they have been
in existence since 1921, and during the 1950s,
they contributed as much as 25 percent of the
industry’s total output (Bonin, Jones, and Putter-
man, 1993). in China, the market-oriented eco-
nomic reform has given much greater autonomy
to state and collective enterprises’ managers to
make production, investment and marketing de-
cisions. Meng and Perkins (1998) find that the
state and the collective sectors behave like la-
bor-managed firms in their wage determination,
while private-sector firms behave more like
profit-maximizing firms.

Furthermore, the investment behavior of la-
bor-managed firms has been empirically exam-
ined. For example, Berman and Berman (1989)
examine marginal productivity in labor-man-
aged and capitalist firms in the plywood indus-
try of the united states and find that labor-man-
aged firms fully exploit their capital stock while
capitalist firms tend to be inefficiently over-
capitalized. Bartlett et al. (1992) examine a
sample of labor-managed and profit-maximizing
firms in italy and find that the labor-managed
firms have a significantly lower ratio of fixed
assets per head than the profit-maximizing
firms. Podivinsky and stewart (2007) examine
a panel on the entry of labor-managed firms into
uK manufacturing industries between 1981 and
1985 and find that there is a significant negative
relationship between entry counts and the cap-
ital-labor ratio. Estrin and Jones (1998) test the
view that labor-managed firms will invest less
(underinvestment hypothesis) by using data on
more than 300 French labor-managed firms
from 1970–1979 and find no strong empirical
support for the underinvestment hypothesis.

Maietta and sena (2008) test the underinvest-
ment hypothesis by comparing the shadow price
of capital and the capacity utilization indexes
for a panel of italian labor-managed and con-
ventional firms over the period of 1996–2003
and find that the results do not support the un-
derinvestment hypothesis. in addition, the un-
derinvestment hypothesis has been widely stud-
ied in the empirical literature. Many empirical
studies contain no econometric support for the
underinvestment hypothesis.

in recent years, economic market models that
incorporate labor-managed firms have been
widely analyzed by many economists. The be-
havior of labor-managed firms is frequently
encountered in the literature on economic theo-
ry. The pioneering work on a theoretical model
of a labor-managed firm was conducted by
Ward (1958). Thereafter, many economists have
studied the behavior of labor-managed firms.2

For example, Furubotn and Pejovich (1970) de-
velop a theory of the labor-managed firm that
takes into account the characteristic property
rights structure and explain the pattern of be-
havior imposed on decision makers by this
structure. Furubotn and Pejovich show that
members of a labor-managed firm do not have
an incentive to invest in capital equipment as
they may not appropriate the increase in value
of their ownership share following the invest-
ment when they decide to leave the labor-man-
aged firm. Vanek (1977) shows a disincentive to
finance capital with internal funds if workers do
not have individual and transferable ownership
rights in the firm’s assets. The property rights
approach indicates that labor-managed firms
invest less in physical capital than profit-maxi-
mizing firms. Bonin, Jones, and Putterman
(1993) state that the property rights approach
predicts underinvestment in labor-managed
firms relying on self-financing, but the empiri-
cal literature contains no economic support for
this underinvestment hypothesis. Bonin, Jones,
and Putterman point out that the property rights
approach does not use the appropriate measure
for labor-managed and conventional firms

2 See Ireland and Law (1982), Stephan (1982), Bonin
and Putterman (1987), and Putterman (2008) for excellent
surveys of labor-managed firms.
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(modeling problem). Tortia (2005) shows that
the presence of underinvestment is due to a spe-
cific form of reinvestment, i.e., the reinvestment
of self-financed capital funds in indivisible re-
serves.

Furthermore, zhang (1993) and haruna
(1996) apply Dixit (1980) and Bulow, Geanako-
plos, and Klemperer (1985a) frameworks of
entry deterrence to labor-managed industries
and show that labor-managed incumbents have
greater incentive to hold excess capacity to de-
ter entry than corresponding profit-maximizing
incumbents. Goel and haruna (2007) use a two-
stage duopoly model of cost-reducing r&D
investment with spillovers and examine differ-
ent interactions between labor-managed firms.
Goel and haruna show that the effects of chang-
es in research spillovers on employment (out-
put) depend on the nature of the underlying
production technology.

The following studies consider the strategic
investment decisions in mixed market models
with labor-managed and profit-maximizing
firms. stewart (1991) explores strategic entry
interactions between profit-maximizing and
labor-managed firms using a framework sug-
gested by Dixit (1980) and shows that a labor-
managed potential entrant is more likely to be
accommodated into the industry than a profit-
maximizing potential entrant. however, he con-
siders the use of excess capacity to deter entry
and examines mixed competition in which a
labor-managed or profit-maximizing incumbent
unilaterally chooses its pre-entry capacity lev-
el.

Futagami and okamura (1996) examine a
three-stage duopoly model in which a labor-
managed firm and a profit-maximizing firm use
investments as strategic variables and commit
to investment levels and show that the labor-
managed firm invests more capital and produc-
es more than the profit-maximizing firm does.
neary and ulph (1997) examine the relative
profitability of profit-maximizing and labor-
managed firms in a mixed duopoly equilibrium
with strategic investment and show that there is
no point in the wage/fixed-cost parameter set at
which the two firms in a mixed equilibrium can
simultaneously make zero profits. Furthermore,
Lambertini and rossini (1998) examine the be-

havior of labor-managed and profit-maximizing
firms in a Cournot duopoly with capital strate-
gic interaction and show that the labor-managed
firm tends to over-invest while the opposite
holds true for the profit-maximizing firm irre-
spective of the capital rental price. Each study
examines mixed competition in which labor-
managed and profit-maximizing firms simulta-
neously choose their capacity levels.

The problem with simultaneous capacity
choice lies in the nature of strategic behavior.
a firm may intend to adopt strategic behavior
earlier than its rival. That is, it is thought that
sequential capacity choice is an important ele-
ment of the competition between firms. how-
ever, this analysis has been ignored in capacity
choice competition with labor-managed and
profit-maximizing firms. Therefore, we exam-
ine sequential capacity choice competition with
a labor-managed income-per-worker-maximiz-
ing firm and a profit-maximizing firm. We con-
sider two three-stage games. The first game
runs as follows. in the first stage, the labor-
managed firm decides whether to install capac-
ity that cannot subsequently be reduced. at the
end of the first stage, the profit-maximizing
firm observes the behavior of the labor-man-
aged firm. in the second stage, the profit-max-
imizing firm decides whether to install capac-
ity that cannot subsequently be reduced. at the
end of the second stage, the labor-managed
firm observes the behavior of the profit-maxi-
mizing firm. in the third stage, both firms si-
multaneously and independently choose and
sell quantities. The structure of the second
game is nearly identical and differs only in the
order in which the firms decide on the installa-
tion of capacity in the first two stages. if a firm
produces within the limit of the capacity it has
installed, then its marginal cost decreases be-
cause its capacity cost is sunk as a fixed cost.
on the other hand, if it wishes to raise output
above the capacity level in the third stage, then
it must acquire additional capacity in the third
stage and incurs the full marginal cost of pro-
ducing any given quantity. That is, if capacity
is expended as a flow simultaneously with pro-
duction, then its cost is not sunk. We discuss
the equilibrium outcomes of the two three-stage
mixed games.
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our purpose is to analyze two three-stage
games where a labor-managed income-per-
worker-maximizing firm and a profit-maximiz-
ing firm can sequentially precommit to capacity
levels before competing in quantities and to
show the equilibrium outcomes of the three-
stage games. We find that there exists an equi-
librium that coincides with the stackelberg so-
lution where the labor-managed firm is the
leader even in the game with the profit-maxi-
mizing firm moving first and the labor-managed
firm moving second.

This paper is organized as follows. in section
2, the basic model of the paper is presented.
section 3 derives both firms’ reaction functions
in quantities. section 4 discusses the equilibri-
um outcomes of the model. section 5 concludes
the paper.

2. The Basic Model

The basic structure is from Dixit (1980) and
stewart (1991). We consider mixed duopoly
competition with one labor-managed income-
per-worker-maximizing firm (firm L) and one
profit-maximizing firm (firm P), producing per-
fectly substitutable goods. For the remainder of
this paper, when i and j are used to refer to firms
in an expression, they should be understood to
refer to L and P with i ≠ j. There is no possibil-
ity of entry or exit. The market price is deter-
mined by the inverse demand function p(Q),
where Q = qL + qP. The subscripts L and P de-
note firm L and firm P, respectively. We assume
that and p' < 0 and p'' ≤ 0. The three stages run
as follows. in the first stage, firm i decides
whether to install capacity ki > 0 that cannot
subsequently be reduced. at the end of the first
stage, firm j observes the behavior of firm i. in
the second stage, firm j decides whether to in-
stall capacity kj > 0 that cannot subsequently be
reduced. at the end of the second stage, firm i
observes the behavior of firm j. in the third
stage, both firms simultaneously and independ-
ently choose and sell quantities qL ≥ 0 and
qP ≥ 0.

Following stewart (1991), firm L’s income
per worker is given by

(1)

where r > 0 denotes the unit cost of capacity,
f > 0 the fixed cost, and lL the amount of labor
in firm L. if firm L produces output qL within
the limit of the capacity it has installed (i.e.,
qL ≤ kL), then its marginal capacity cost becomes
zero because its capacity cost is sunk as a fixed
cost. on the other hand, if firm L wishes to pro-
duce qL > kL in the third stage, then it must ac-
quire additional capacity to match its output in
the third stage, and its marginal capacity cost
rises to r.

Furthermore, following Dixit (1980) and
stewart (1991), firm P’s profit is given by

(2)

where w > 0 denotes the wage rate and lP the
amount of labor in firm P. if firm P produces
output qP within the limit of the capacity it has
installed (i.e., qP ≤ kP), then its marginal cost
amounts to wlP' because its capacity cost is sunk
as a fixed cost. on the other hand, if firm P
wishes to produce qP > kP in the third stage, then
it must acquire additional capacity to match its
output in the third stage, and its marginal cost
rises to r + wlP'. That is, if capacity is expended
as a flow simultaneously with production, then
its cost is not sunk. Thus, each firm’s marginal
cost exhibits a discontinuity at qi = ki.

We assume that li' > 0 and li'' > 0. This as-
sumption means that the marginal quantity of
labor used is increasing. We use subgame per-
fection as an equilibrium concept. The fact that
inverse demand is defined only for non-negative
outputs ensures that all outputs obtained in
equilibrium are non-negative.

3. Reaction Functions

in this section, we derive both firms’ reaction
functions in quantities. stewart (1991) shows
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capacity reaction functions with linear demand.
First, we derive firm L’s best reaction function
from (1). if firm L does not install kL, then its
reaction function is defined by

(3)

and if firm L installs kL and reduces its mar-
ginal cost, then its reaction function is defined
by

(4)

Therefore, if firm L installs kL, then its best
response is shown as follows:

(5)

The equilibrium occurs where each firm max-
imizes its objective with respect to its own out-
put level, given the output level of its rival. Firm
L aims to maximize its income per worker with
respect to its own output level, given the output
level of firm P. The equilibrium must satisfy the
following conditions: if firm L does not install
kL, then the first-order condition is

(6) (p'qL + p – r)lL – (pqL – rqL – f)lL' = 0,

and the second-order condition is

(7) (p''qL + 2p')lL – (pqL – rqL – f)lL'' < 0.

if firm L installs and reduces its marginal
cost, then the first-order condition is

(8) (p'qL + p)lL – (pqL – rkL – f)lL' = 0,

and the second-order condition is

(9) (p''qL + 2p')lL – (pqL – rkL – f)lL'' < 0.

Furthermore, we have

(10)

and

(11)

since lL'' > 0, lL – qLlL' < 0, so that p''qL lL +
p'(lL – qLlL') is positive; that is, both RL(qP) and
RL'(qP) are upward sloping. This means that firm
L treats quantities as strategic complements.
The concepts of strategic complements and sub-
stitutes were introduced by Bulow, Geanakop-
los, and Klemperer (1985b). stewart (1991)
states that with linear demand, diminishing re-
turns to labor produce a positive slope whereas
increasing returns to labor generate a negative
slope.3

second, we derive firm P’s best reaction
function from (2). if Firm P does not install kP,
then its reaction function is defined by

(12)

and if firm P installs and reduces its marginal
cost, then its reaction function is defined by

(13)

Therefore, if firm P installs kP, then its best
reaction function is shown as follows:

(14)

Firm P aims to maximize its profit with re-
spect to its own output level, given the output
level of firm L. The equilibrium must satisfy the
following conditions: if firm P does not install
kP, then the first-order condition is

(15) p'qP + p – r – wlP' = 0,

and the second-order condition is

(16) p''qP + 2p' – wlP'' < 0.

3 See also Ireland and Law (1982), Delbono and Ross-
ini (1992), Futagami and Okamura (1996), and Lambertini
and Rossini (1998).
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if firm P installs kP and reduces its marginal
cost, then the first-order condition is

(17) p'qP + p – wlP' = 0,

and the second-order condition is

(18) p''qP + 2p' – wlP'' < 0.

Furthermore, we have

(19)

hence, both RP(qL) and RP'(qL) are downward
sloping. This means that firm P treats quantities
as strategic substitutes. Dixit (1980) suggests
that the best reaction function creates kinks at
the capacity level installed prior to production.

Third, we state the Cournot nash equilibrium
of the mixed market model. Firms L and P se-
lect their own outputs simultaneously and inde-
pendently. Firm L maximizes its income per
worker with respect to qL, given qP, while firm
P maximizes its profit with respect to qP, given
qL. The Cournot nash equilibrium is a pair
(q n

L, q n
P) of output levels and is derived from

q n
L ∈ Rk

L(q n
P) and q n

P ∈ R k
P(q n

L). From (5), (10)
and (11), we see that the optimal output q*

L is
nondecreasing in qP. Furthermore, from (14)
and (19), we see that the optimal output q*

P is
nonincreasing in qL. hence, the existence and
the uniqueness of the Cournot nash equilibrium
are guaranteed.

4. Equilibrium Outcomes

in this section, we begin by presenting the fol-
lowing two lemmas.

Lemma 1 if firm i installs capacity ki and an
equilibrium is achieved, then in equilibrium qi

= ki.
Proof First, we prove that if firm L installs kL,

then in equilibrium qL = kL. Consider the pos-
sibility that qL < kL in equilibrium. From (1), if
qL < kL, firm L installs extra capacity. That is,
firm L can increase its income per worker by
reducing kL, and the equilibrium point does not

change in qL ≤ kL. hence, qL < kL does not result
in an equilibrium.

Consider the possibility that qL > kL in equi-
librium. From (1), we see that firm L has to
incur the marginal capacity cost of producing
any given quantity. it is impossible for firm L to
change its output in equilibrium because such a
strategy is not credible. That is, if qL > kL, ca-
pacity investment does not function as a strate-
gic commitment.

next, we prove that if firm P installs kP, then
in equilibrium qP = kP. Consider the possibility
that qP < kP in equilibrium. From (2), if qP < kP,
firm P installs extra capacity. That is, firm P can
increase its profit by reducing kP, and the equi-
librium point does not change in qP ≤ kP. hence,
qP < kP does not result in an equilibrium.

Consider the possibility that qP > kP in equi-
librium. From (2), we see that firm P has to in-
cur the full marginal costs of producing any
given quantity. it is impossible for firm P to
change its output in equilibrium because such a
strategy is not credible. That is, if qP > kP, ca-
pacity investment does not function as a strate-
gic commitment. Q.E.D.

Lemma 2 Firm ’s optimal output is higher when
it installs ki than when it does not.

Proof First, we prove that firm L’s income-
per-worker-maximizing output is higher when
it installs kL than when it does not. if firm L
does not install kL, then the first-order condition
is (6), and if firm L installs kL and reduces its
marginal cost, then the first-order condition is
(8). here, r is positive. Furthermore, Lemma 1
shows that if firm L installs kL and maximizes
its income per worker, then qL = kL. To satisfy
(6), (p'qL + p)lL – (pqL – rqL – f)lL' must be pos-
itive. Thus, firm L’s optimal output is higher
when it installs kL than when it does not.

next, we prove that firm P’s profit-maximiz-
ing output is higher when it installs kP than
when it does not. if firm P does not install kP,
then the first-order condition is (15), and if firm
P installs kP and reduces its marginal cost, then
the first-order condition is (17). here, r is posi-
tive. To satisfy (15), p'qP + p – wlP' must be
positive. Thus, firm P’s optimal output is higher
when it installs kP than when it does not.
Q.E.D.
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These lemmas provide characterizations of
capacity investment as a strategic commitment.
Lemma 1 means that in equilibrium firm i does
not install extra capacity. Lemma 2 means that
if firm i installs capacity in advance of produc-
tion, then its optimal output increases.

For the remainder of this section, we discuss
the equilibrium outcomes of two three-stage
games.

Game 1
in this game, first firm L moves, then firm P
observes firm L’s move, and subsequently firm
P moves. That is, the three stages of the game
run as follows. in the first stage, firm L decides
whether to install capacity that cannot subse-
quently be reduced. at the end of the first stage,
firm P observes the behavior of firm L. in the
second stage, firm P decides whether to install
capacity that cannot subsequently be reduced.
at the end of the second stage, firm L observes
the behavior of firm P. in the third stage, the
firms simultaneously and independently choose
quantities, and both firm L’s income per worker
and firm P’s profit are decided. The equilibrium
outcome can be stated as follows.

Proposition 1 in the three-stage capacity choice
game with firm L moving first and firm P mov-
ing second, there exists an equilibrium where:
(i) firm L installs capacity in the first stage, (ii)
firm P does not install capacity in the second
stage, (iii) the equilibrium solution occurs at the
stackelberg point with firm L leading and firm
P following, (iv) firm L’s income per worker is
higher than in the Cournot equilibrium with no
capacity installed, and (v) firm P’s profit is
lower than in the Cournot equilibrium with no
capacity installed.

Proof see appendix.
Proposition 1 means that capacity investment

is an effective strategy only for firm L in Game
1. The intuition behind Proposition 1 is as fol-
lows. in the first stage, if firm L installs capac-
ity, then its marginal cost decreases and thus it
increases its output (Lemma 2). Given the out-
put level of firm P, increasing firm L’s output
increases the total market output and lowers the
market price. hence, firm P’s profit decreases.
Furthermore, firm P decreases its output be-

cause of strategic substitutes. Firm L’s capacity
investment increases its income per worker.
Therefore, firm L installs capacity in the first
stage. in the second stage, if firm P installs ca-
pacity, then its marginal cost decreases and thus
it increases its output (Lemma 2). Given the
output level of firm L, increasing firm P’s out-
put increases the total market output and lowers
the market price. From (5), (10) and (11), we
see that increasing firm P’s output never de-
creases firm L’s output. Even though firm L’s
output is constant, both firm L’s income per
worker and firm P’s profit decrease. if firm L
increases its optimal output because of strategic
complements, then firm P’s profit decreases fur-
ther, and thus firm P does not install capacity in
the second stage.

Game 2
in this game, firm P moves first intertemporally.
That is, the three stages of the game run as fol-
lows. in the first stage, firm P decides whether
to install capacity that cannot subsequently be
reduced. at the end of the first stage, firm L
observes the behavior of firm P. in the second
stage, firm L decides whether to install capacity
that cannot subsequently be reduced. at the end
of the second stage, firm P observes the behav-
ior of firm L. in the third stage, the firms simul-
taneously and independently choose quantities,
and both firm L’s income per worker and firm
P’s profit are decided. The equilibrium outcome
can be stated as follows.

Proposition 2 in the three-stage capacity choice
game with firm P moving first and firm L mov-
ing second, there exists an equilibrium where:
(i) firm P does not install capacity in the first
stage, (ii) firm L installs capacity in the second
stage, (iii) the equilibrium solution occurs at the
stackelberg point with firm L leading and firm
P following, (iv) firm L’s income per worker is
higher than in the Cournot equilibrium with no
capacity installed, and (v) firm P’s profit is
lower than in the Cournot equilibrium with no
capacity installed.

Proof see appendix.
Proposition 2 means that capacity investment

is an effective strategy only for firm L even in
Game 2. The intuition behind Proposition 2 is
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as follows. in the first stage, if firm P installs
capacity, then its marginal cost decreases and
thus it increases its output (Lemma 2). Given
the output level of firm L, increasing firm P’s
output increases the total market output and
lowers the market price. Furthermore, firm L
increases its output because of strategic comple-
ments. Given the output level of firm P, increas-
ing firm L’s output increases the total market
output and lowers the market price. Both firm
L’s income per worker and firm P’s profit de-
crease. hence, firm P does not install capacity
in the first stage. in the second stage, if firm L
installs capacity, then its marginal cost decreas-
es and thus it increases its output (Lemma 2).
Given the output level of firm P, increasing firm
L’s output increases the total market output and
lowers the market price. hence, firm P’s profit
decreases. Furthermore, firm P decreases its
output because of strategic substitutes. Firm L’s
capacity investment increases its income per
worker. Therefore, firm L installs capacity in
the second stage. since firm P does not install
capacity, firm L chooses capacity corresponding
to its stackelberg leader solution. That is, the
equilibrium of Game 2 coincides with that of
Game 1. Consequently, we see that the intro-
duction of capacity investment into the analysis
of three-stage mixed market games is profitable
for firm L while it is not profitable for firm P.4

4 The advantage of being a first-mover in profit-maxi-
mizing quantity competition is very well known. We briefly
examine the analysis for mixed competition with sequential
output choice and compare its equilibrium outcome with
that of sequential capacity choice competition. There are a
profit-maximizing firm (firm P) and a labor-managed firm
(firm L). In the first stage of the game, firm P chooses an
output level. At the end of the first stage, firm L observes the
behavior of firm P. In the second stage, firm L chooses an
output level.

Firm L moving second will choose an output along its
reaction function. Firm P moving first is aware that its out-
put choice influences that of firm L. Therefore, in the first
stage, firm P picks the output level that maximizes its prof-
it in the reaction function of firm L. In the second stage, firm
L responds by picking the expected output level. Thus, it is
clear that the equilibrium of the sequential output choice
game coincides with the Stackelberg solution where firm P
is the leader. In the equilibrium, firm P’s profit and firm L’s
income per worker both are higher than in the Cournot
equilibrium because of the upward-sloping reaction func-
tion of firm L as shown in Section 3. This result differs no-
tably from that of the sequential capacity choice competi-
tion shown in Proposition 2.

5. Concluding Remarks

We have examined two three-stage games,
where a labor-managed income-per-worker-
maximizing firm and a profit-maximizing firm
can make a commitment to capacity. First, we
have examined the three-stage game with the
labor-managed firm moving first and the profit-
maximizing firm moving second and have
shown that there is an equilibrium in which the
labor-managed firm installs capacity in the first
stage and the profit-maximizing firm does not
install capacity in the second stage. second, we
have examined the three-stage game with the
profit-maximizing firm moving first and the
labor-managed firm moving second and have
shown that there is an equilibrium in which the
profit-maximizing firm does not install capacity
in the first stage and the labor-managed firm
installs capacity in the second stage. We have
found that there exists an equilibrium that coin-
cides with the stackelberg solution where the
labor-managed firm leads and the profit-maxi-
mizing firm follows even in the game with the
profit-maximizing firm moving first and the
labor-managed firm moving second. Further-
more, we have found that the introduction of
capacity investment into the analysis of three-
stage mixed competition is profitable for the
labor-managed firm while it is not profitable for
the profit-maximizing firm. The results of this
study indicate that labor-managed firms should
act more aggressively against profit-maximizing
firms.

The property rights approach originating with
the work of Furubotn and Pejovich (1970) and
Vanek (1977) shows a disincentive to finance
capital with internal funds if workers do not
have individual and transferable ownership
rights in the firm’s assets and indicates that la-
bor-managed firms invest less in physical capi-
tal than profit-maximizing firms. The underin-
vestment hypothesis has been widely studied in
the empirical literature, such as Jones and
Backus (1977), zevi (1982), Berman and Ber-
man (1989), Bartlett et al. (1992), Estrin and
Jones (1998), and Maietta and sena (2008).
Many empirical studies contain no econometric
support for the underinvestment hypothesis.
Bonin, Jones, and Putterman (1993) state that
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the property rights approach predicts underin-
vestment in labor-managed firms relying on
self-financing but it does not use the appropriate
measure for labor-managed and conventional
firms (modeling problem). in the real world,
labor-managed and profit-maximizing firms do
not always simultaneously choose their capac-
ity levels. a labor-managed firm may be able to
play the role of stackelberg leader, or a profit-
maximizing firm may be able to do so. in both
cases, the results of this study agree with many
empirical findings.

stewart (1991) considers the use of capacity
precommitment by incumbents to deter entry.
he analyzes strategic entry interactions between
profit-maximizing and labor-managed firms and
shows that a labor-managed potential entrant is
more likely to be accommodated into the indus-
try than a profit-maximizing potential entrant.
Futagami and okamura (1996) examine simul-
taneous capital choice competition with a labor-
managed firm and a profit-maximizing firm and
show that the labor-managed firm invests more
capital and produces more than the profit-max-
imizing firm does. Lambertini and rossini
(1998) examine the behavior of labor-managed
and profit-maximizing firms in a Cournot du-
opoly with capital strategic interaction and show
that the labor-managed firm over-invests while
the profit-maximizing firm under-invests. We
have examined sequential capacity choice com-
petition with a labor-managed firm and a profit-
maximizing firm and have found that the labor-
managed firm unilaterally installs capacity even
in the game with the profit-maximizing firm
moving first and the labor-managed firm mov-
ing second. These theoretical studies show that
the labor-managed firm can enter the market
more easily than the profit-maximizing firm
does and even after entry the labor-managed
firm is not attacked as much. That is, it can be
said that although many of the firms that exist
in the real world are profit-maximizing firms,
there is a large possibility that labor-managed
firms will increase in the future.
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Appendix

We begin by presenting the following two supplementary lemmas in order to prove the proposi-
tions.

Lemma 3 suppose the quantity-setting mixed game with no capacity installed. Then firm L’s
stackelberg leader output q s

L is higher than its Cournot output q c
L.

Proof Firm L selects qL, and firm P selects qP after observing qL. When firm L is the stackelberg
leader, it maximizes its incomer per worker wL(qL,RP(qL)) with respect to qL. Therefore, firm L’s
stackelberg leader output satisfies the first-order condition:

(20) (p'qL + p – r)lL – (pqL – rqL – f)lL' + p'qL RP 'lL = 0.

From p' < 0 and RP' < 0, to satisfy (20), (p'qL + p – r)lL – (pqL – rqL – f)lL' must be negative.
Thus, Lemma 3 follows. Q.E.D.

Lemma 4 suppose the quantity-setting mixed game with no capacity installed. Then firm P’s
stackelberg leader output q s

P is lower than its Cournot output q c
P.

Proof Firm P selects qP, and firm L selects qL after observing qP. When firm P is the stackelberg
leader, it maximizes its profit pP(qP,RL(qP)) with respect to qP. Therefore, firm P’s stackelberg
leader output satisfies the first-order condition:

(21) p'qP + p – r – wlP' + p'qP RL' = 0.

From p' < 0 and RL' > 0, to satisfy (21), p'qP + p – r – wlP' must be positive. Thus Lemma 4 fol-
lows. Q.E.D.

now, we prove the propositions.

Proof of Proposition 1
First, we prove (i). Lemma 3 shows that q s

L > q c
L. Furthermore, wL= [p(Q)qL – rqL – f]/ lL(qL) is

continuous and concave. RP(qL) gives firm P’s profit-maximizing output for each output of firm
L. in RP, wL is highest at firm L’s stackelberg leader point, and the further the point on RP gets
from firm L’s stackelberg leader point, the more wL decreases. By Lemmas 1 and 2, if firm L
installs kL, then its income per worker becomes higher than in the Cournot equilibrium with no
capacity installed, and thus (i) is derived.

next, we prove (ii). Lemma 2 shows that firm P’s profit-maximizing output is larger when firm
P installs kP than when it does not, whereas Lemma 4 shows that q s

P < q c
P. RP(qL) gives firm P’s

profit-maximizing output for each output of firm L. pP = p(Q)qP – rqP – wlP(qP) – f is continuous
and concave. From (5), (10) and (11), we see that increasing firm P’s output never decreases firm
L’s output. Firm P’s capacity investment decreases its profit, and thus (ii) is derived.

at equilibrium, firm L unilaterally makes a commitment to capacity. Lemma 2 shows that firm
L’s income-per-worker-maximizing output is higher when firm L installs kL than when it does not.
since firm L can choose q c

L, its stackelberg income per worker must equal or exceed its Cournot
income per worker. Lemma 3 shows that q s

L > q c
L. Furthermore, wL= [p(Q)qL – rqL – f]/ lL(qL) is

continuous and concave. Lemma 1 shows that in equilibrium qL = kL. Thus, firm L’s stackelberg
income per worker exceeds its Cournot income per worker, and (iii) and (iv) follow.

Firm L installs capacity in the first stage, and firm P does not install capacity in the second
stage. Lemma 2 shows that firm L’s income-per-worker-maximizing output is higher when firm L
installs kL than when it does not. Furthermore, pP = p(Q)qP – rqP – wlP(qP) – f is continuous and
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concave. since ∂pP / ∂qL = p'qP < 0, increasing qL decreases pP given qP, and thus (v) follows.
Q.E.D.

Proof of Proposition 2

(i) Lemma 4 shows that q s
P < qc

P. Furthermore, pP = p(Q)qP – rqP – wlP(qP) – f is continuous and
concave. in RL, pP is highest at firm L’s stackelberg leader point, and the further the point on RL

gets from firm P’s stackelberg leader point, the more pP decreases. By Lemma 2, if firm P installs
kP, then its profit becomes lower than in the Cournot equilibrium with no capacity installed, and
thus (i) follows.

(ii) Lemma 3 shows that q s
L < qc

L. Furthermore, wL = [p(Q)qL – rqL – f] / lL(qL) is continuous
and concave. in RL, wL is highest at firm L’s stackelberg leader point, and the further the point on
RP gets from firm L’s stackelberg leader point, the more wL decreases. By Lemmas 1 and 2, if firm
L installs kL, then its income per worker becomes higher than in the Cournot equilibrium with no
capacity installed, and thus (ii) follows.

The proofs of (iii), (iv) and (v) are omitted, since they are the same as the proofs of (iii), (iv)
and (v) of Proposition 1. Q.E.D.


