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Abstract. Studying the reasons for the underinvestment of innovation project is a hot topic in
corporate finance. Based on the study and analysis of dynamic models between investors and
managers, this paper reveals that managers cut down the investment volume of innovation project
under financial constraint condition; agency problem can enlarge the degree of underinvestment under
financial constraint condition. These game results are also proved by examples.

Introduction

Innovation is the engine of keeping long-term competitive advantages for firms and rapid economic
growth for countries[1 2]. Globally, specialists from various areas have been struggling to find out the
ways of improving the investment volume of innovation project [3]. However, underinvestment of
innovation project is still acommon phenomenon all over the world [4-6].

Researchers in corporate finance suggest that financia constraint may be a key reason for the
pervasive phenomena of the underinvestment of innovation project [3-5]. However, most of the related
research is based on static views [3-5], and little research is established on dynamic views. Especially,
scarce research devotes to study the dynamic game of investors and managers on the investment
volume of innovation project under financial constraint condition. However, managers are the top
directors who are responsible for executing innovation project, while investors are the vital capital
providerswho provide fund to initiate innovation project. Both investors and managers are the two key
roles related to the investment volume of innovation project [6 7]. Therefore, it is necessary and
interesting to analyze the dynamic game of investors and managers under financial constraint condition,
and find out the reasons why the investment of innovation project is always severely cut down by
managers in the end. Hence, this paper builds dynamic game models to analyze the game relationship
between investors and managers about innovation project under financial constraint condition. Wefind
that underinvestment of innovation project is the result of the dynamic game between managers and
investors under financial constraint condition, and agency problem between investors and managers
exacerbates the underinvestment degree of innovation project under financial constraint condition. The
results are also proved by the examples in this paper.

Establishment of the Dynamic Game M odel

Establishment of Functionsand Parametersin the Dynamic Game Model. This paper builds the
models based on the classic research [7]. () Assumptions about financial constraint: Financial
constraint is a common situation that most firms are confronting with [8]. When firms suffer financial
congtraint, firms don't process enough resources to invest into all projects, including innovation
project and ordinary project, to the optimal investment volumes. Assume that firms only process
enough resources to invest |1 in total. When firms are under financial constraint condition, it is
reasonable to assume that | <1, +1, (1, ,1, are the optima investment volumes of innovation

project and ordinary project in efficient market.). Then, managers have to choose one of innovation
project and ordinary project, or both of them, to cut down the investment volume. This paper is
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interested in whether managers will finally choose to cut down the investment volume of innovation
project under financial constraint condition.

(b) Assumptions about the profit function: p is the profit function of the firm. a is the amount of
the effort devoted by managers. 1, istheinvestment volume that managersinvest in innovation project.

I, is the investment volume that managers invest in ordinary project, such as constructing factory
buildings, purchasing machines and inventory. p, and p, are the return ratios of each unit investment

invested in innovation project and ordinary project respectively. Generally, innovation project is more
profitable than ordinary project, hence p,>p,. g, and g, are the random factors that related to each

unit investment of innovation project and of ordinary project respectively, and obey normal distribution
(g, ~N(0,s?) ; 9, ~N(0,s?)), and are independent with each other. The risk of innovation project is
higher than that of ordinary project, hence s ,>s,. f,(q,) ad f,(q,) are the density functions of g,

and q, respectively. The cost functions of innovation project and ordinary project are c,(1,) :%If

and c,(1,) = % 1?2 (b <b,). Therefore, the expression of the profit function is:
p=at+ p1|1(1+q1) + p2|2(1+q2) - %Ilz - %IZZ
(c) Assumptions about the sharing rule: s(p) isthe sharing rule contained in contract. a isthe fixed
salary that investors pay to managers. b is sharing ratio, which isthe ratio of the profit that investors
assign to managers, and 0£ b £1. Therefore, the expressions of the sharing rule are:

E |12 - E | 2@
2t 274

(d) Assumptions about investors' income: Investors are risk neutral. Hence, investors' risk premium
is 0. After assigning profit to managers, investors keep the left profit by themselves. Therefore, the

expression of investors incomeis:

s(p)=a+bp ; s(p):a+b§a+ P L+ + 1, (1+0,) -

& o]
Y, =-a +(1- b)8a+ Rl + pl, - %If- %ljz.

(e) Assumptions about managers income: Managers arerisk aversion, and have a constant absolute
2 2. 2 24 2
rb ('155 *1Ss) Suppose the cost

risk aversion coefficient r [7]. Hence, managers risk premium is

function of managers' effort is ¢, (a) = %az . Therefore, the expression of managers income is:

a)
é b, b, ,u rb?(12s?+12s75)
Yo :a+bg’:l+pl|1+p2|2-Elf-;lgﬂ-%az- 1; =

—2 é 0 rb’s
Set s =Is2+1s2,theny, =a +bga+ pl,+p,l,- %If- %IZZH %az- —

TheAction Order of Investorsand M anager s. Dynamic game means that the actions of the subjects
follow an order. This paper assumes that there are only investors and managers in the game. All the
investors' benefit are the same, and al the managers' benefit are also without differences. The design of
incentive system includes the following game order and strategies:

Stepl: The investors design a contract which contains fixed salary a and sharing ratio b .

Step2: When the managers get the content of the contract, managers need to decide whether to
accept the contract or not. If managers accept the contract, managerswill choosethe effort level a, the
investment volume of innovation project 1,, and that of the ordinary investment 1,.

Step3: The profits realize, and both investors and managers observe the profits.

Step4: According to the observation, investors and managers execute the contract.

Investors design different contracts under different situations, such as the situations that whether
financial constraint and agency problem are exist or not. Hence, in Step 2, managers will also choose
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different investment volumes of innovation. The profitsin Step 3 vary with investors' decisionsin Step
1 and managers choicesin Step 2.

Equilibrium in Dynamic Game

Because managers investment strategy of innovation project isthe research object of this paper, we
mainly focus on the investment volume of innovation project 1, in the equilibrium of the dynamic

game.
Equilibrium in Dynamic Game Problem with Financial Constraint and without Agency
Problem. In this situation, both investors and managers have common knowledge about financial
constraint (FC). Managers choose the investment volume of innovation project to maximize investors
income Y, . Suppose the opportunity cost for managers to take the contract is w,, . Investors should

pay at least w,, to managersto get managers involve in, which is the individual rationality constraint

(IR). Therefore, the dynamic game between investors and managers can be expressed as the following
equations:

- _ _ i E 2 E 20
avmaﬂ)fle' =-a+(t b)?H Pt Pl 2 h 2 IZEI

(IR) a+b§a+p1|1+p2|2-%lf-%l;a- %az_ rb25 =Wy
(FC) lL,+1,=1, I isafixed number, | <1 +1,

According to these equations, we can get that the investment volume of innovation project at the
equilibrium point 1, is equal to gp, - p,) +hl +rb s;Ig/ g +b,+rb. (s +s))y. In the expression of I,
b, isthe equilibrium result of b and b, =0.

Hence, |* = (pl' p2)+b2| )

1F bl + b2
Equilibrium in Dynamic Game Problem with Financial Constraint and Agency Problem. Inthis
situation, both investors and managers have common knowledge about financial constraint (FC) and
agency problem. Agency problem rises from that the benefits of investors and managers are not exactly
converged with each other, and that information asymmetry exists between investors and managers
(specifically, managers process more information about investment than investors) [9 10].

Therefore, when agency problem exists, managers will choose the investment volume of innovation
project which can maximize managers own income Y,, but not investors income Y, . This paper

names it the first incentive compatibility constraint (1C,).

What’ s more, when agency problem exists, managers may not only choose the investment volume of
innovation project which can maximize managers ownincome Y, , but also further expropriate firms
benefit from investment Y, , such as building a larger scale firm to enlarge their power and social
influence. This paper names it the second incentive compatibility constraint (1Cy).

(1) Equilibrium with the first incentive compatibility constraint (I1C,). The dynamic game between
investors and managers can be expressed as the following equations:

T%XYl =-a +(1' b)?"' Pl + Pl - %Ilz b22 IZZ%

—2
Y rbs "
2U_ Eaz . =W,

(IR) a+b§a+p1|1+p2|2-ﬁlf-ﬁl

g 2 27§ 2 2
—2
= ¢ _bl 2_b2 2l]_b0 z_rbzs
(ICl) m%YM =a +bga+ p1|1+ p2|2 Ell E|ZEI Ea 5
(FC) I,+1,=1, | isafixed number, 1 <1, +1,

According to these equations, we can get that the investment volume of innovation project at the
equilibrium point:
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_(p- p)+bl +rb.s]l
T btb Hrbg(si+si)

Intheexpressionof 1., b, istheequilibriumresult of b . It isvery difficult to obtain the analytical
solution of b.,. However, we can get that b, ,* 0 (specifically, 0<b,, £1). Because if b_,=0, the
equationsin 3.2 (1) cannot coexist. What’s more, aslong asthevaluesof p, p,, b, b, b, r, 1,s,
and s, are given, the value of b;, can be uniquely determined.

(2) Equilibriumwith the second incentive compatibility constraint (1C,). According to Motta (2003),
managers expropriate mi? through the investment of ordinary project [11]. m is the expropriation
degree, and m>0. Compared to ordinary project, innovation project contains more invisible property
and offer less or even no collateral value [12]. The investment of innovation project can hardly enlarge
the firms size and expand managers socia influence in a short time. Hence managers can hardly
expropriatefirms benefit from innovation project. Therefore, the dynamic game between investorsand
managers can be expressed as the following equations:

b, .6
rT;%xYl =-a +(1- b)g%+ pl+p,l,- %|12 E2|22E
s Y 2
(IR) a+b§a+P1|1+Pz|z'%|f'%I§§+mlj-%a2- rbzs =W,
. . 2
(ICy) m%YM :a+b§a+plll+p2|2-%|12_%|22§+m|22_5a2_ rbzs
(FC) I,+1,=1, 1 isafixed number, 1 <1 +1,

According to these equations, we can get that the investment volume of innovation project at the
equilibrium point:
— (pl' p2)+b2| - 2ml "'rb;AESz2I

o b, -2m e D (57 +5 )

In the expression of 1,.,., b., IS the equilibrium result of b . It is very difficult to obtain the
analytical solution of b,.. However, we can get that b, 0 (specifically, 0<b.,. £1). Because if
b, =0, the equationsin 3.2 (2) cannot coexist. What’s more, as long as the values of p,, p,, b, b,
b, r, ! s,, s, and m aregiven, thevaueof b_,. can be uniquely determined.

Results Analysis

In this session, we examine whether underinvestment of innovation project exist in the equilibrium of
the dynamic game, and calculate the underinvestment degree if it exists. First, we calculate the perfect
investment volume of innovation project I, . Second, we calculate the differences between the optimal
investment volume of innovation project |, and the equilibrium investment volumes of innovation
project in the dynamic game under different situations 1,.", 1., lieae -

The perfect investment volume of innovation project satisfies the rule that the marginal return of the
investment volume of innovation project is equal to the marginal cost of it [7]. That is p, =¢,(1,).
Therefore, wecanget I, = p, /b . (Inthe same way, we can aso get the optimal investment volume of
ordinary project 1, = p, /b,. JAccording to the expression of 1, , only the return ratio p, and the cost
function’s coefficient of innovation project b, can affect the optimal investment volume of innovation
project.

Results Analysis of the Equilibrium in Dynamic Game Problem with Financial Constraint and
without Agency Problem. According to the equilibrium in the dynamic game, the investment volume
of the innovation project I,. is not only determined by the return ratio p, and the cost function's
coefficient of innovation project b, , but also affected by thereturn ratio of ordinary project p,, and the
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cost functions coefficient of each project b,b,, and the total investment volume 1 which is
determined by the available resources.

In order to examine whether underinvestment exists in innovation project, we compute the
difference DR between I, and 1. . And if DR >0, underinvestment exists. The larger DR is, the
larger underinvestment degree of innovation project is.

i e pr = =P (P- )bl _ pb+pb-bb)l
The difference DR is. DRi_ll-llF_E- b+b  b(bsb)

Suppose + R=PBRABBIHL) o BIib b0 +1) o

b (b +b,) b (b +b,)
F | I+ ’ p1b2+p2b1'b1b2| p1t5+p2b1'b1b2(|1* + I;) d A .
or | <I, +1, bl(bl+b2) > bl(bl+b2) and DR >2 R,

Therefore, DR >0 and I; > 1. .

In conclusion, when firms suffer financial constraint, managers will choose to cut down DR of

innovation project, generating underinvestment in innovation project.
Results Analysis of the Equilibrium in Dynamic Game Problem with Financial Constraint and
Agency Problem. (1) Results analysis of the equilibrium with the first incentive compatibility
constraint (1C;). According to the expression of 1., , managers decision about the investment volume
of innovation project is not only determined by the return ratio p, and the cost b of innovation
project, but also affected by the return ratio of ordinary project p,, the cost of ordinary project b,, the
risk of innovation project s? and of ordinary project s?.

In order to examine whether underinvestment exists in innovation project, we compute the
difference between 1, and 1., . The difference DR, is.

DR =I- I’ _p_ (- p2)+b2*I +rb.s’l

P b pbrrb(sfes))
_bb+pb-bbl (- p,)S +s;)rbe+ (Bs/-bs;) rbg,l
b (b +b,) (b +b)go +b, +rb,(s?+s3)y

The cost of innovation project is less than that of ordinary project (b <b,). The risk of innovation
project is less than that of ordinary project (s? >s?). Therefore, bs?-bs2>0.

The return ratio of innovation project is higher than that of ordinary project (p, - p, >0).

Therefore (pl' pz)(312+322)rb;A+ ( bzslz'blszz) rb;AI >0.

" (b)) +b+rb,(sZ+s2)Y
For P, +p,0-bb, | >0 and (p.- pz)(s:l_2+1322)rb;A+ (bsi-bsy) rb;AI >0, DR, >0
b (b +b) (b,+b,)go,+b, +rb,(s 7 +s?)]

In conclusion, when firms suffer financial constraint and agency problem, with the first incentive
compatibility constraint (1C,;), managers will choose to cut down DR, of innovation project in the
game, generating underinvestment in innovation project.

What’ s more, compared to the equilibrium of the game with financial constraint and without agency
problem, the investment volume of innovation project will change DR, :

DR =1 - 15, =P P)*Bl (P ) +Bl+rbgs,l
b+b,  B+b+rb(sf+s?)
(pl' pz)(312+322)rb;A+ ( bzslz'blszz) rb;AI
(b +b,)é +b,+rb;, (s’ +s3)d
For 1, >1,.,wecanget I, >1,>1,,.

>0, hence 1. >1,,.

DR, =
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(2) Results analysis of the equilibrium with the second incentive compatibility constraint (1Cy).
According to the expression of 1., the investment of innovation project is further affected by the
expropriation degree m. In order to examine whether underinvestment existsin innovation project, we
compute the difference between 1, and 1, . The difference DR, is:

DR =1 - 1, = P (Pum P)+Dy1 - 2 #1 DS 5|
b b +b,-2m+rb (s, +S5)
_ Pb+pb-bbl (P - P)(S +83)r bt (bsi-bs?) rbg.el +2m{(p, - p) +hl]
b (b +b,) (b +b)ga +b,-2m+rbr,(sf +s )

(P~ P +s)rbeel+ (bsihs])rbeel”>0 and b +b, >0.

From the equations in 3.1, we can get I, =[(p,- p)+hb!]/[b+b]. For I,. >0 and b +b, >0,
(p,- p)+bl1>0.From3.2(2), wecanget I .. =gp,- p)+bl +rb.s’1f/ g +b-2m+rb., (s7+s?)j.
For 1,.>0and (p,- p,)+b,l +rb.s?1 >0, b +hb,-2m+ rb . (s? +s?2)>0.

Therefore. (P~ P)SI#)rbret (bsi-bs) rbgel +2m{(p, - p)+hbI] g

’ (b +b,)gh +b,-2m+rbi (s +s )l

Hence, we can get DR,>0

In conclusion, when firms suffer financial constraint and agency problem, with the second incentive
compatibility constraint (1C;), managers will choose to cut down DR, of innovation project in the
game, generating underinvestment of innovation project.

What’ s more, compared to the equilibrium of the game with financial constraint and without agency
problem, the amount of resources invest in innovation project will change DR, .

DR =1, - 1 = (P.- P) bl (p- py)+byl - 2m +r2b.ZAE§§I

b +h, b +b,-2m+rb_, (s, +S5)
P P)(S +s7)rbret (Bs-bs?) rbicl+2m(p, - p)+hl]
(b +b)ga +b,-2m+rbg,. (s’ +s])

For 1, >1,.,wecanget I, >, >l .

Aboveal, when firmsare with financial constraint and agency problem, managers will choose to cut
down the investment volume of innovation project, resulting underinvestment in innovation project.
What’s more, compared to the situation that firms suffer financial constraint but not agency problem,
when firms suffer financial constraint and agency problem, managers will choose to further cut down
the investment volume of innovation project, generating larger underinvestment degree of innovation
project. Because the coexistence of financial constraint and agency problem is a more common
situation than the situation that with financial constraint but not agency problem in the real world, the

equilibrium resultsin 3.2 can better explain the severe underinvestment degree of innovation project in
reality.

>0, hence 1 > 1.

bR, =

Summary

Underinvestment in innovation project isacommon phenomenon al over the world. Using dynamic
game model between investors and managers under financial constraint, this paper finds that: (1)
Managers will choose to underinvest in innovation project under financial constraint condition. (2)
Agency problem enhances the negative impact of financial constraint on the investment volume of
innovation project. Specifically, when managers choose to invest to maximize managers own income
(ICy), the underinvestment degree of innovation project is enlarged. What’s more, when managers not
only choose to invest to maximize managers own income but also expropriate firms benefit from
investment (1Cy), the underinvestment degree of innovation project is enlarged further more.

There are several interesting related topics for further research. For example, we can incorporate
competitive or collaborative relationship among managers into our model to extend the research.
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