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Abstract
This paper examines an oligopoly game model with a concave demand
function where labor-managed firms compete in quantities with each other.
There is no possibility of entry or exit. The timing of the game is as follows. In
the first stage, each labor-managed firm simultaneously and independently
chooses the level of social concern. In the second stage, each labor-managed
firm simultaneously and independently chooses whether to offer lifetime
employment as a strategic commitment device. In the third stage, quantity
competition takes place. This paper examines the reaction functions of labormanaged firms in the model. First, the paper presents the reaction functions of
labor-managed firms in the game model. It is shown that the reaction functions
of labor-managed firms have both upward and downward sloping cases. Next,
the paper provides a simple example to support the above result. This example
shows a case in which the reaction functions of labor-managed firms are
downward-sloping.
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Introduction
Corporate social responsibility (CSR) has become a growing topic in the areas of
business and economics over the past few decades. For example, nearly 90 percent of the
250 largest global companies issued CSR reports in 2015 (KPMG, 2015). More than half
of American consumers say that more information on a company’s ethical and social
behavior would influence their purchasing decision (Ipsos MORI, 2003; Kitzmueller and
Shimshack, 2012). Many major companies, such as Google, Microsoft, General Electric,
Exxon Mobil, Walmart, and Walt Disney, use an internal price on carbon as an incentive
and strategic planning tool (CDP, 2013).
The theoretical analysis of economic models that incorporate CSR firms has been
investigated by many researchers (see Goering, 2007; Lambertini and Tampieri, 2012;
Xu, 2014; Cracau, 2015; Flores and García, 2016; Fanti and Buccella, 2018; PlanerFriedrich and Sahm, 2018; García, Leal and Lee, 2019; Han, 2019; Leal, Garcia and Lee,
2019). For example, Lambertini and Tampieri (2012) examine an oligopoly market with
pollution where 𝑛(≥ 2) private firms compete with each other, and show that the
presence of a CSR firm improves social welfare if the market is large. Kopel and Brand
(2012) consider the managerial incentive contract when a profit-maximizing firm and a
CSR firm compete in a Cournot fashion, and demonstrate that there is a subgame perfect
Nash equilibrium in which both firms hire managers. Kopel (2015) considers the
endogenous choice of a price or quantity contract in a mixed duopoly consisting of a
profit-maximizing firm and a CSR firm, and demonstrates that quantity competition
might lead to higher economic welfare than price competition. Han (2019) uses a
quantity-setting mixed oligopoly model to examine effects of firms’ CSR activities on
privatization of a public firm, and shows that the optimal degree of privatization decreases
with the firms’ CSR activities. In addition, Leal, García and Lee (2019) examine the
environmental policy mix of tradable emission permits and emission taxes in a duopoly
model consisting of a CSR firm and a profit-maximizing firm, and show that an emission
tax can be redundant when both excess burden of taxation and the degree of CSR are
insignificant.
In this paper, we examine an oligopoly game model in which labor-managed firms
compete with each other. Since the pioneering work on a theoretical model of a labormanaged firm by Ward (1958), there have been many theoretical models that incorporate
labor-managed firms (see, for example, Law and Stewart, 1983; Lambertini and Rossini,
1998; Lambertini, 2001; Cuccia and Cellini, 2009; Luo, 2013).
We consider a three-stage game model in which labor-managed firms compete in
quantities. In the first stage, each labor-managed firm non-cooperatively chooses the level
of CSR. In the second stage, each labor-managed firm non-cooperatively chooses whether
to offer lifetime employment as a strategic commitment device (For details, see Ohnishi,
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2001, 2002). In the third stage, each labor-managed firm non-cooperatively chooses an
actual output level. We examine the reaction functions of labor-managed firms in the
model.

Model
There is a market composed of 𝑛(≥ 2) labor-managed firms. There is no possibility of
entry or exit. The market price is determined by the inverse demand function 𝑝(𝑄), where
𝑄 = ∑𝑛𝑖=1 𝑞𝑖 denotes the total output produced by all labor-managed firms. We assume
the strictly concave inverse demand function: 𝑝′ < 0 and 𝑝′′ < 0.
In the first stage of the market game, each labor-managed firm i (i = 1,…,n)
simultaneously and independently chooses 𝜃𝑖 ∈ [0,1], which denotes the percentage of
𝑄

the consumer surplus, 𝐶𝑆 = ∫0 𝑝(𝑋)𝑑𝑋 − 𝑝(𝑄)𝑄 . In the second stage, each labormanaged firm i simultaneously and independently decides whether to offer lifetime
employment as a strategic commitment device. If labor-managed firm i offers lifetime
employment, then it chooses an output level 𝑞𝑖∗ ∈ (0, ∞), employs the necessary number
of employees to produce 𝑞𝑖∗ , and enters into a lifetime employment contract with all of
the employees. In the end of the game, each labor-managed firm i simultaneously and
independently chooses an actual output 𝑞𝑖 ∈ [0, ∞).
Hence, labor-managed firm i’s objective function is given by

  Q
 p ( Q ) qi − c ( qi ) − f
i  0 p ( X ) dX − p ( Q ) Q  +
l ( qi )

i = 
  Q p ( X ) dX − p ( Q ) Q  + p ( Q ) qi − c ( qi ) − f

 i  0
l ( qi* )


if qi  qi* ,
(1)

if qi  q ,
*
i

where 𝑐(𝑞𝑖 ) denotes the capital input function, 𝑓 ∈ (0, ∞) is the fixed cost, and 𝑙(𝑞𝑖 ) is
the labor input function. We assume the increasing marginal costs: 𝑐 ′ > 0, 𝑐 ′′ > 0, 𝑙 ′ >
0 and 𝑙 ′′ > 0.
In the next section, we present the reaction functions of labor-managed firms in the
model.

Reaction Functions
We consider the maximization problem for labor-managed firm i. We derive labormanaged firm i’s best reaction function from (1). If labor-managed firm i produces output
𝑞𝑖 within the limit of the output level it has chosen in the first stage, then its reaction
function is defined by
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Q
p ( Q ) qi − c ( qi ) − f 


Ri (q− i ) = arg max i   p ( X ) dX − p ( Q ) Q  +
,
*
 0

qi  0
l
q
(
)
i





(2)

where 𝑞−𝑖 = (𝑞1 , 𝑞2 , … , 𝑞𝑖−1, 𝑞𝑖+1 , … , 𝑞𝑛 ). On the other hand, if labor-managed firm i
wishes to produce 𝑞𝑖 > 𝑞𝑖∗ , then its reaction function is defined by


Q
p ( Q ) qi − c ( qi ) −

Ri (q−i ) = arg max i   p ( X ) dX − p ( Q ) Q  +
 0

qi  0
l ( qi )

 

f

.



(3)

Therefore, if labor-managed firm i selects 𝑞𝑖∗ and offers lifetime employment, then its best
reply is shown as follows:

 Ri (q− i )

L
Ri (q− i ) =  qi*
 R (q )
 i −i

if qi  qi* ,
if qi = qi* ,

(4)

if qi  q .
*
i

Labor-managed firm i chooses 𝑞𝑖 in order to maximize Ω𝑖 , given 𝑞−𝑖 . Therefore, the
first-order condition for labor-managed firm i when 𝑞𝑖 > 𝑞𝑖∗ is

( p + pqi − rk ) l − ( pqi − rk − f ) l  − i pQ = 0 .

(5)

On the other hand, the first-order condition for labor-managed firm i when 𝑞𝑖 < 𝑞𝑖∗ is

p + pqi − c − il * pQ = 0 .

(6)

Therefore, we obtain
Ri(q−i ) = −

p ( l − qi l  ) − pqil − i p − i pQ
( 2 p + pqi − c) l − ( pqi − c − f ) l  − (1 + Q )i p

(7)

and
p + pqi − i l * ( p + pQ )
.
Ri(q−i ) = −
2 p + pqi − c − il * ( p + pQ )

(8)

Since 𝑙 ′′ > 0, 𝑙 − 𝑞𝑖 𝑙′ < 0, and hence 𝑝′(𝑙 − 𝑞𝑖 𝑙 ′ ) − 𝑝′′𝑞𝑖 𝑙 is positive. The numerator of
(7) is positive. On the other hand, the numerator of (8) may be negative.
The main result of this study can be stated in the following proposition.
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Proposition 1: (i) 𝑅𝑖 (𝑞−𝑖 ) is always upward-sloping. (ii) 𝑅̅𝑖 (𝑞−𝑖 ) may be not always
upward-sloping.
In the next section, we provide a simple example to support this proposition.

Example
We consider the strictly concave inverse demand function: 𝑝(𝑞1 , 𝑞2 ) = 𝑎 − (𝑞1 +
𝑞2 )2 , where 𝑎 ∈ (0, ∞) represents a constant and 𝑎 > 𝑞1 + 𝑞2 . Moreover, 𝑐(𝑞𝑗 ) =
𝑚𝑞𝑗2 (𝑗 = 1,2) and 𝑙(𝑞𝑗 ) = 𝑤𝑞𝑗2 , where 𝑚, 𝑤 ∈ (0, ∞) are constants. The objective
functions of labor-managed firms are those specified in the previous sections. Therefore,
the first-order condition for labor-managed firm j when 𝑞𝑗 > 𝑞𝑗∗ is
2 j ( q j + qk ) −
2

aq j + 3q 2j − 2q 3j − q j qk2 − 2 f
q3j

=0

( j , k = 1, 2; j  k ) .

(9)

On the other hand, the first-order condition for labor-managed firm j when 𝑞𝑗 < 𝑞𝑗∗ is
2 j ( q j + qk ) −
2

a − 3q 2j − 4q j qk − qk2 − 2cq j
wq*2j

= 0.

(10)

The former reaction function is always upward-sloping, whereas the later reaction
function is upward-sloping if and only if

j 

2q j + qk

2 wq*2j ( q j + qk )

.

(11)

We now assume that 𝑞𝑗 = 𝑞𝑗∗ = 𝑞𝑘 = 2 and 𝑤 = 1 . Then, if 𝜃𝑗 > 3⁄16 , labormanaged firm j’s reaction function is upward-sloping, whereas if 𝜃𝑗 < 3⁄16 , it is
downward-sloping.

Conclusion
We have studied a Cournot oligopoly model with a concave demand function where
labor-managed firms compete with each other and have presented the reaction functions
of labor-managed firms in the game model. First, we have shown that the reaction
functions of labor-managed firms have both upward and downward sloping cases. Next,
we have provided an example to support our result. In this example, we have shown a
case in which the reaction functions of labor-managed firms are downward-sloping.
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