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Abstract

This paper analvzes how financial institutions affect efficiency in R&D investments
bv providing a new contractual foundation for soft budget constraints. We show
that inefficient elements (informational asymmetries and conflicts of interest among
co-investors) in multi-investor financing can be used as a commitment device to stop
bad projects which are discovered ex post. In the case of single investor financing
;such as internal financing). however, the commitment device does not exist. Our
theory predicts that optimaily many investors should finance a R&D project if there
arc high uncertainties. Otherwise. internal financing is preferable. In addition, an

institutional cost affects firm decisions and efficiency in R&D investments.
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Schankerman. and John Sutton for heipful discussions: Jian Tong for resecarch assistant: and cspe-
cially Nancv Hearst for oditorial help. In particular. we thank Erie Maskin for numerous invaluable
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INTRODUCTION

It has long been observed that cconomic institutions play important roles in tech-
nological progress and cconomic growth (c.g. Schumpcter. 1934. 1950). A closely
related obscrvation is that “idca-rich small firms originatc a disproportionate sharc
of innovations” (Scherer, 1992).> Numerous anccdotes suggest that small bio-tech
companics do better than their large counterparts in R&D.® A similar picture can
also be found in the computer, tele-communication, and other high-tech industries.*
However, theoretical analysis of the impact of economic instituticns on technological
change is lacking.

Onc of the key factors affecting the efficiency of large and small firm R&D is
financing. Early on, Schumpeter emphasized small firms' advantages in originating

innovations (Schumpeter. 1934): while later he argued that large corporations are

-In the U.5.. firms with 300 emplovees or less accounted for about 40 percent of all technical
inpovations in manufacturing in 1982 (Acs and Audretsch. 1988). A majority of the 100 most
important innovations during the 1900-1950 period were intoduced by small 3rms (Jewkes. Sawer
and Stillerman. 1969). Among 21 recent types of major software. 18 originated with small start-up
Srms. although the best-selling software was marketed by large established firms (Prusa and Schmitz.
19911,

SIn 1994. 1995. and 1996. Merck. the best perferming large pharmaccutical company (in terms
of Dow performance) in the U.S. spent S1.2 billion. 31.3 biilion. and $1.3 billion respectively for
R&:D: and respectively developed 10. 8. and 8 new drugs {in late-stage clinical trials). In contrast,
sinall firms developed more drugs than Merck. but spent far less. In those years. 130 publicly traded
small bio-tech companies in the U.S. spent §3.1 billion. $3.4 billion. and $3.9 biilion; and respectively

developed 60. 100. and 220 new drugs (Fortune. No. 6. Mar. 31. 1997).
! An uverwhelmingly large majority of today's major computer companics. such as Intel. MMicrosoft.

Apple Computer. Digitai Equipment. Compaq Computer. Lotus Development. and Sun Microsvstems
were all small firms and were financed by outside investors (c.g.. venture capitalists) in the period of
1970s and 1930s. Now Intel and Microsoft are larger than IBM. However. the amount of investment
invoived in all of these small firms together is less than that in one large tirm. For cxample. in 1988
IBM's investment for RaD and capital expenditurcs was about 39 billion. while in the same vear
the toral investment for R&D and capital expenditures from U.S. professional venturce capitalists to
small firms in all industries. including computer and bio-tech industries. was only about 53 billion
{Sahhman. 1990). The spinning-off of Bell Laboratorics. the largest and vnc of the most successful
research groups in industry. from AT&T in the mid-1990s may be another exazuple of the limitations

of laree corpurations in R&D.



able to do better than small firms in terms of innovation by providing internal funds
(Schumpeter. 1950). As a matter of fact. large firmns generally are not (or arc
less) constrained by wealth to finance R&D projects and indeed their R&:D projects
arc wmostly internally financed.” In comparison. a typical small high-tech firm is
financed externally by many investors. such as large companics. venture capitalists.
and others."

However. the above noted observations arc puzzling. This is becausc it has been
well argued that the informational asymmetries between a firm and its investor(s) will
make external financing more costly due to moral hazard and adverse selection prob-
lems (Arrow. 1962: Stiglitz and Weiss. 1981: Myers and Majluf. 1984: and Kemien
and Schwartz, 1978). Particularly. when there arc more investors. the problem will
be exacerbated.  Moreover. given that a R&D project involves a large sunk cost
(low liquidation value!. with multi-investor external financing the moral hazard and
adverse selection problems are more severe {Bernanke and Gertler. 1989: Calomiris
and Hubbard. 1990: Hubbard and Kashyap. 1990). m

In this paper we provide a theory to attempt to explain this contradiction. With

high uncertainties and high sunk costs in R&D activities. the cfficiency of R&D in-

*Several independent investigations tind that for large firms. such as Fortunc 300 firms. there is no
corrclation between internally financed investments and R&D (Scherer. 1963: Mueller. 1967 Zliot.
19715, or there is a very low correlation (Hall. 1992). Consistent with these resuits. more recent work

finds that the larger the firm. the lower the correlation (Himmelberg and Petersen. 1994).
“It has been documented that a tvpical venturc-capital-backed firm is financed externailv by

multi-investors. For example. all 433 venture-capital-packed firms which had initial public oferings
between 1973 and 1987 in the U.S. \according to Barry et al. (1990} this is an exhaustive data
sct fur this category) had many investors. including venture capitalists (VC). large firms. and other
funds. The VC shares averaged 34.3 percent for cach firm's equity holdings: morcover. a tvpical
firm in this data set invoived more than one VC: cach firm averaged three venture capital investors.
Morcover. on average. two of the VCs sat on the boai'cl of a tvpical small I\igh-fcch firm {an average
of one-third of all scatst :Barrv ot al.. 1990). A survey of venture capital in New England one of
the two arcas in the U.S. with the highest VC concentration). shows the average number of investors
for cuch high-tech start-up firm - more than one-half of which were in bio-tech) was close to “our. and
onlv approximately one-eighth of the surveved finus were financed by one investor (Boston Globe,
Scptember 1Y, 1993, Schilit reported that most venture capirtal tirms coinvest or syvndicate with one
another. and that between T0% and 0% of the venrure capital backed projects had multi-investors

{Schilit. 1991, pp.76-77".



vestment is affected by the way that the R&D projects arc sclected. Because the
unccrtaintics associated with R&D projects can only be reduced when a project is
carricd out. cx post selection is morc cffective than ex antc selection. However, an ex
post screcning mechanism requires a commitment that a bad project will be stopped
cven when refinancing of a bad project is ex post profitable (which mcans that the
carlicr sunk costs of the project arc not taken into consideration in an cx-post deci-
sion) (Qian and Xu. 1998). We arguc that multi-investor financing’ can be deploved
as a commitment device to reject bad projects when they are discovered cx post.
Howcver, in single investor financing (intcrnal financing is a special case of single
investor financing) the commitment device, i.c. the ex post scrcening mechanism.
does not cxist.

In our model there are numerous entrepreneurs and large corporations. While the
entrepreneurs have innovative ideas. they lack necessary the wealth to finance them:
the large corporations are wealthy enough to finance at least one innovation inter-
nallyv (or externally jointly with other investors of their choice). We consider that all
projects can be either of a bad type. which requires three-periods of investment and
is cx ante unprofitable, or of a good type. which only requires two-periods of invest-
ment and is ex ante profitable. When a R&D project is financed by multi-investors.
there is an informational asymmetry and conflicts of intercst between the investors.
Informational asvmmetries and conflicts of interest between the co-investors increase
the ex post cost of refinancing a bad project.® This ex post cost can help the in-
vestors commit to terminating a bad project (Proposition 1).  Moreover. such a
commitment can deter entrepreneurs from continuing a bad project after they pri-
vatelv learn whether it is good or bad. Thus the commitment can effectively solve
the informational asymmetry between the entrepreneur and the investors and thus

can deter bad projects in a timely fashion (Proposition 2). In contrast. if a project

" Obviousty. muiti-investor Anancing implies external financing: morcover. in reality. in most cases

of external Enancing there are multi-investors {c.g.. Barry et al.. 1990: Schilit. 1991°.
It is documented that information problems and conflicts of interest between investors destroy

values when a firm is under re-organization (e.g.. Weiss and Wruck. 1993: for a court casc of converting
a reorsanization into liquidation due to conflicts of interest between investors see U.S. Bankruprey

Court. 1997



is tinanced by a singlc investor (c.g. intcrnal financing within a large firm). the com-
mitment device does not exist (Proposition 3). Thus. a large firm does not have an
cffective ex post screening mechanism if its R&D projects are financed alone (that is.
internally).

The tradc-off between the costs and benefits of multi-investor financing and that
of single investor financing (c.g. internal financing) in our model allows us to analyvze
optimal R&D project selection and financing. Qur thcory predicts that if a R&D
project has high uncertainties and requires high investments at later stages (such as
in a rypical high-tech project). co-financing by multi-investors is optimal. Otherwisc
(such as in the casc of engineering perfection). financing R&D projects internally
within a large corporation is optimal (Proposition 3). Moreover. in an cconomy where
the institutional costs of external financing are high. R&D investment is efficient only
in projects of low uncertainty. such as these of imitation or cngincering perfection
( Proposition 6).

Our theory is built upon the concept of soft budget constraints (Kornai. 1980), due
to an cconomic system's lack of commitment to terminate an unprofitable project ex
post (Dewatripont and Maskin. 1995). This paper attempts to provide a new con-
tractual foundation or "soft budget constraints.” which allows us to expand the
soft budget constraint paradigm to many other important issues. such as financing
decisions of large corporations. Ve show that ex post incfficicncy caused by infor-
mational asymmetries and conflicts of interest between investors can be used as a
commitment device. However. in a centralized economy. cither duc to the fact that
there is only one investor — the state bank — or duc to high institutional costs of
external financing ourside of the state bank. a soft budget constraint prevails.

Following Dewarripont and Maskin (19951, we cmphasize the role of ex post inef-
fcicney as a commirment device. A key difference of our model is that investors are
not constrained by ’;iquidit}' of wealth to finance a project alonc if they so choose.”

In the spirit of Hart and Moore {1995} and Bolton and Scharfstein (1996). we con-

\forcover. in Dewastipent and Maskin's model the multi-investors are invoived sequentially
and thus the asvmmersic information between investors is generated sequentialiy: while in our
muodel multi-investors are invoived simultancousiv and thus the asvmmetric information is gener-

ated simultancousiv.



sider the conflicts of interest between the multi-investors. However. we focus on the
connnitment problem and endogenize a rencgotiation-proof institution.

The rest of the paper is organized as follows. In Scction 2 we sct up the model.
In Scction 3 we analvze the model. and more specifically we endogenize hard (soft)
budget constraints and analyzc their ex ante cffect on the cntreprencurs’ incentives.
Scetion 4 compares the cfficiencies of internal and cxternal co-financing. Finally. Sec-
tion 3 discusses the conceptual implications of our results. particularly on cconomic

growth. and presents some concluding remarks.

MODEL

e consider an economy where there are numerous entreprencurs and investors. !

Each entrepreneur has a new idea for an invention or an innovation. which can be
taken as a R&D project. but he has no wealth to finance it. Therc is no wealth
constraint on the investor side to finance R&D projects. When an entrcpreneur
proposcs a project to an investor. the investor can either finance the project alone (in
the casc that the investor is a large firm. the firm can buy the project and hire the
cntreprencur as an cmplovee), or the investor can co-finance the project with other
investors (we model the case of two investors but it can be easily extended to the
casc of more than two investors). Ve refer to the former as a case of single investor
financing. and to the later as a case of multi-investor co-financing.

e supposc that among all the projects proposed by cntrepreneurs. 1—A percentage
of the projects arc of the good type and A percentage of the projects are of the bad
tvpe. A good project takes two periods to finish and requires a total investment
of I; — I». where I, is the required investment in period t and [y and [ are sunk.!!

A bad project takes three periods for completion and requires a total investment of

- 'In this paper we do not distinguish between investors and large firms which have a lot of wealth to
tinunce R&D projects. In fact. large corporations often run venture capital subsidiaries which are a
ta ‘ot source of venture capital (e.g. Schilit 11991, p.68):. Morcover. the venture capital subsidiaries
of Jaree Brms have “deey pockers” and have access to additional sources of capital from the parent

cowpany i attractive opportunities develop.
=W ean revard zero as a normalized lquidation value. However. if we allow Iy and [z to be sunk

ouiv partially and the liquidation value to be positive. vur results will not be altered.



I, — I» = I3. For cach project. there arc two signals. 54 and 55. on different aspects
of the project that can be obscerved by the investors in the first two periods. If the
two signals 54 and §g arc observed by the investors. they will receive a positive profit
from a zood project. i.c.. V > I} — .12

We assumec that investors A and B specialize in technologics A and B respectively.
With their specialtics. investor 4 can observe 54 with no costs. but has to pay a cost
¢4 to obscrve signal 5g; and investor B can observe 3g with no costs. but has to
pav a cost cg to observe signal 34. Thercfore, in the casc that investors A and B
co-finance a project. they can collect 54 and 5p without incurring costs. In the casc
of single investor financing, investor J will collect signal 3; and pay cost ¢ to collect
information §;. where J,J = A.B.and J & J.!3

If a project is a good one, it will be completed at date 2 no matter whether it is
financed by one investor alone or it is co-financed by two investors. That is. from the
perspective of the financing decision there is no difference between these two financing
options. In the rest of the paper. we will focus on the case of bad projects.

We supposc that the returns from a completed bad project under the best possible
rcorganization strategy, V', generated at datc 3. arc greater than those of the last

period investment: but lower than the sum of the last two periods’ investment. i.e..

= There are many reasons why information collected by investors affects the value of a project: in
the case that the investors are large firms and intend to use the technology developed by the project.
the information may have a direcr value: in the case that the investors are venture capitalists. the

information may affect the value of the project when it goes pubiic.
“'The assumptions on signal s arc not critical to the model. Without these assumptions there

needs to be an item in the contract (or some other reason) to prevent the co-investors from sharing
information. We believe that our assumptions are realistic. and numcrous illustrative examoples can
Le provided. Fur instance. IBM and Kodak mav have interests to vo-finance a R&D project for a new
tvpe of memory chip sinee it could have a grear impact on the development of computers and digital
cameras (similarly, several large pharmaceutical companies mav have various iutcfcsts in co-fnancing
anew bio-tech projeet which may have a revolutionary impact on the development of a variery drugs
to treat diabetes or cancers. ete.'.  Duc to their idiosvncratic interests and specialtics. IBM and
Kodak mav derive different information from the same project.  Similar illustrations mav also be
provided for the co-financing of specialized Snancial institutions. such as co-financing provided by
different veuture capital srms specializing in various technologics: or co-financing provided by large

tirizs or murual funds. ete.



I, < V < I = I3. Obviously, it is not cfficient to undertake a bad project cx ante.
bt it is cfficient to refinance it cx post. Therefore. at date 2 a decision has to be
made by the investor(s) regarding a bad project: cither to refinance it or to liquidate
it. To focus on this point, we supposc that ex antc all projects arc worthy of being
Hnanced. and we assume that the discount rate is zcro. '

With respect to information, we assume that cx ante the distribution of the types
of all projects is common knowledge. but ncither the investors nor the entrepreneurs
know precisely the type of each project. At date 1. after working on a project for
one period the cntrepreneur discovers the type of the project, but the investor(s)
still do not know its type. That is, there is an information asymmetry between the
cntrepreneur and the investor(s) at date 1 as long as the entrepreneur does not reveal
the truth.M

TWe assume that an entrepreneur gets a private benefit b, from working on a project.
where t denotes the date when the project is either completed or terminated at
t = 1.2.3. Specifically, if the entrepreneur quits the project at date 1. he gets a
low private benefit, by > 0. At date 2. a completed good project generates a private
benefit. bag > by, to the entrepreneur. A bad project will be liquidated or reorganized
at date 2. If it is liquidated. the entrepreneur gets a still lower private benefit boyp.
where 0 < ba, < by, If a bad project is refinanced. it will be completed at date 3 and
it will generate a private benefit b3 to the cntreprencur and dog > b3 > by > b3y 2 0.

Wec assume that there are two strategies to reorganize a bad project during the
third period, but only one of them can generate a profit ex post. The right decision
on the sclection of strategies depends on signals s.4 and sg. where 85 € (3,5, 8 <3
and .J = 4. B. Herc. we suppose that signal s can only be observed by the investor
who has observed 3y earlier. after I is invested.??

Ve assume that strategy b makes the project cx post profitable if signal s 4 is higher

-VThis is a realistic assumption cven in cases where the project is financed intcrnally within a large
curpuration or by one venture capitalist who monitors ciosely. hecause finance experts mav not be

cquipped to make judgments on the nature of a pruject at an carly stage.
-“The assumption that ss can oniv be vbserved after I3 is invested is not esscntial in the model.

It= role is to rule out mixed strategics which will complicate the model without providing more
insight. since it is rare to observe mixed strategies in financial decisions. Therefore. this assumption

is realistic.

(¥4



than sg. i.c.. s34 > sg. and strategy a makes the project ex post profitable if signal

s 4 is lower than sg, i.c.. s34 < sg. Formally.
Vb(s4.58) = I3 > 0> V®(s4.58) — I1, when s > sg:
VP(s4.58) = = V%s4.58) = I3 = 0. when s,y = sp: {A-1.1)

‘/"'(.i.4,55) bl [3 >0> Vh(s_.;.sB) ~ [3. when s4 < 55.
where V7 (s4.8p) is the total pavoff of the project reorganized by strategy j. In

the casc of co-financing, we denote the payvoff under strategy j to investor J by
VY (s4,58). and Vi(sy.sp) = I/f_{(s,.‘.s,g) - V‘é(s__{,b‘g). where j =aorband J= A
or B.

Morcover, we assume that the outcome of a wrong strategy is bad enough that

the cxpected nct pavoff of randomizing between the two strategics is worse than

“liquidation. i.c..

qV%s4.58) =11 = q)V%s4.58) =[5 <0 {A-1.2)

where ¢ = Pr{s4 > sg).1°
Finally. we suppose thar a higher s; is more beneficial to investor J if the project

is rcorganized under strategy j than under another strategy. That is. for any s* > s'.

A
S

Viish.sp) = Vi(ssm) > VE(sM.s8) = Vi(sy.sp >0, (A-21)

5B
Vhisa.s8) —1B8(s.4.8%) > VB(sa.58) — Vi(s4,85) > 0. {A-2.2)

In the case of muiti-investor co-financing, ex post the co-investors might share
their private information as long as theyv decide to reorganize a bad project. This is
cquivalent of saying that B buys s4 from A. or 4 buys 35 from B. Without a loss
of generality. however. investor B will buy the private information 54 from investor
A only when the price that B has to pav, T{s4.2g). is not too high:

Now we summarize the timing of the game as follows:

e Darc 0: All pa'rtics xnow the distribution ¢f the projects but none know which
project is good and which is bad. The investor(s) offer a take-it-or-lecave-it
conrtract to the entreprencur. If the contrac: is signed the investor(s) will invest
I; units of money into the project during period 1. and the investor(s) will start

to observe 54 and Fg.

" Auy randomization based on ¢ £ 0.1 and § = ¢ cannot get a berrer vesult than (A-1.2),



e Datc 1: By working on the project. the entreprencur becomes awarc of the type
of the project, but the investor(s) still do not know its typc. If the entrepreneur
stops the project he gets a private benefit by > 0: otherwise. if the project is to

be continued. I> units of investment arc required from the investor(s).

e Datc 2: The type of project becomes public knowledge:

— If the project is a good type. it will be complcted on date 2 and will
gcnerate a return of V' to the investors after they observe 54 and 5g: and

a private benefit of bog > b1 to the entrepreneur;

— if it is a bad project. a decision whether to liquidate or to reorganize has
to be made.
= If the project is liquidated the investor(s) get zero and the entrepre-
neur gets boy, < by; otherwise.

= if the project is rcorganized. I; units of investment arc required.

e After investing I3. signals s4 and sp are observed by the investor(s) and a

reorganization strategy is chosen based on the signals.

e Date 3: A bad project is completed and generates a return of V' to the in-

vestor(s) and a return of by < b3 < bag to the entrepreneur.

In the following we present a concrete example to illustratc how our model relates

to reality.

Example 1 : Suppose AVC. a venture capital fund. and BMI. a large computer
company. are interested in financing an entrepreneurial start-up firm called "Super-
Chip.” We refer to "Super-Chip’ as SC. AVC as investor A. and BMI as investor
B. 1's interest is to make the project gc; public and A is able to observe signals
related to SC's IPO value. 54. without incurring an ertra cost {an ertra cost means
some cost more than the investments committed to the project): while B's interest is
to share the technology developed by SC and it is able to observe relevant signals of
SC’s technological advance. 5g. without incurring an extra cost. Investor B needs

3p to decide how to use the new products and investor A needs 54 to promote SC

10



i the IPO. If the project is financed by A or B ulone. then the investor has to pay
an additional cost to acquire all information. including that about which she has no
expertise to observe (e.g. a consultant may need to be hired to observe the signal;.
But if the project is financed by A and B together. then A and B will take care of the
relevant signals. based on their expertise, without having to pay anything. In the case
that the SC project is a bad one (for example, the technology does not work unless
some more work is done), there are two possible strategies a and b to reorganize the
project: strategy a will forego exploring the technologies which are most useful to BALI
but will make the IPO value and the refinancing cost of SC break even. which unll
improve AVC's reputation as a venture capitalist: and strategy b wnll forego the plan
to sell SC equities to the public but will make SC technology useful to BAI That is.
strategy a benefits AVC but hurts BMI: and strategy b benefits BMI but hurts AVE.

INVESTMENT DECISIONS

In our model. because the earlier investments arc sunk. refinancing a (bad) project
after date 2 is ex ante inefficient although it can be cx post efficient (by (A-1.1)).
Therefore. only those institutions that are able to commit to stopping bad projects
arc cfficient in dealing with highly uncertain innovative projects. In this section.
we show that multi-investor co-financing provides a commitment device to stop bad

projects but single investor financing does not.
Multi-investor Co-financing

In analvzing the investment decision with regard to multi-investor co-financing, we
start with the refinancing decision at datc 2 and then consider the entrepreneur’s
investment decision at date 1. At date 2. when the two investors discover that the
project is a bad onc. thev should decide cither to liquidate or to rcorganize (i.c. to
assign a probability of p'7). If they decide to reorganize the project. they will invest
I:. Then signals s4 and sg arc observed by the two investors respectively and they
need to decide what reorganization strategy should be sclected (i.c.. the investors

assign probabilities of 1 — g(s4.3p) and g(s4.55) to sclect reorganization strategy

-“For example. if their decision is definitely to liquidate the project. they assign p = 1.

11



a and b respectively).
e now show that the asvmmetric information between the two investors will make

refinancing cx post incfficient. thus they will terminate bad projects at date two.

Proposition 1 Under assumptions (A-1) and (dA-2). all bad projects with multi-

investor co-financing will be liguidated at date 2

Proof. Wec show that if cach investor J is able to observe only 5; (J = A or B)
after I3 is invested. under (A-1) and (A-2) there is no cfficient incentive-compatibic
scheme q(sa,sg) and T(s4,sg) which can induce investor J to tell the true value
of s;: thus there is no cfficient scheme to rcorganize the project. As a result, the
investors choose to liquidate the bad project.

In the following proof. we first analyze investor A’s incentive problem. For this
purpose. we fix sg at an arbitrary value s* € (0.1) and s4 can be sh > 5% or
.s’é < 87

Given compensation scheme I (s4,8g) and strategy g(s4.spg). investor 4 should
tell the truth only if the expected payvoff of doing so is not worse than false reporting.

That is. the incentive compatibility (IC) condition is:
q(s4.58)V3i(s4.58) + (1 —q(s4.88)) Vi(sa.58) = T(54.58)
> q(S4.58)V3(s4.58) ~ (1 —q(3a,58)) Vi(s4.88) =T (54.58), -

where 54 is the false reporting of the signal.

In the casc that the information sy = s% > s™. the IC is

a(s%. +)V3(sh.s8) + (1 - 9(35'58)) Vi(sh.s8) = T(s}.95)

%-58) = T(sy.58).

> Q(Sﬂﬂ*‘a)‘f’_f’x(sﬁ,o‘s)-i-(l-q(sfa-ss)) 3(si
that is.
Tishsp) —Tishosn) 2 (alshs8) — a(sh.<8)) VA(sh-w8) =
(q(sf‘,sa) - q(S{;.Sg)) Va(sh. ). (1

The IC for A's information s4 = sy < & is:

g(#4.+8)V A 58) ( - qish. SB))I “4shy.s8) — T(s!y.58)

> Q("-l -B)L'o s (1 —Q(S,‘ .33) I 1(314 sp)— T(Sf{.SB).

12



that is.

(Q(Sﬂ.-SB) -q(Sﬁ-Sa)) Vi(sh.sg) = (q(-n sg) — q(s'y. sB)) V(s .58)

> T(s%. sg) = T(s4.58). )
The IC conditions (1) and (2} imply

B) — q(s'y.58)) V(s 58)

4 1
> (glsy58) = alshh.s8)) VA(shh.38) = (915 58) — alshy,58)) VE(sh. 53).
or.

(q(s' ,88) — (54 33\) (V (3’3.53)'— Vf_‘{(sf_‘,SB))

h a
4 A
< ks Ve Y =V
< |g'sa.3B) — g(s'y, 58) ( MERY HEWTRY

According to (A-2.1). Va(sh.sp) — V(. s8) > V3(sh.sp) — Vi(sy.58) > 0.
Thus. the incentive compatibilit}' implics g(s".s5) < q{s'.sp). Le.. g(s!,. sg) should
be non-increasing in # 4.

However, by {A-1). for any given s when s, increases from s4 < sp to s3> sg.

for any g{s.4,s8) = d. where § € 10,1) is a constant. the efficiency can be improved
by increasing §. i.e. by § — ¢, where £ > 0. Thus. cfficiency requires g{s4.55) to be
non-deercasing in §4.

Thercfore. the only possible scheme of g(s4,sg) which may satisfy both IC and
the cfficiency requirement is to keep qis4.sg) constant. ie. g(si,58) =g Itis
obvious that for any § € 0.1]. reorganization based on any § # ¢ = Pr(sy > sg)
is worse than g. However. by (A-1.2). a rcorganization decision based on ¢ is worse
than liquidation.

The casc of investor B can be proved by symmetry.

Given the above results, any randomization between liquidation and reorganization
at dare 2 will be worse than liquidation. Thus. the probability of liquidation is
1l-p=1.18

This proposition says that when a bad project is revealed to the co-investors at
date 2. there cxists no cfficient reorganization scheme which can be agreed upon by

both investors. That is. as a result of the informational asymmetry and conflicts



of intcrest between the two investors, multi-investor financing can serve as an ex
post commitment device to stop bad projccts.’® This commitment to liquidate bad
projects has a deterrent effcct on cntrepreneurs who are involved in bad projects.
Afraid of further losses by hiding bad ncws. an entreprencur with a bad project will
choose to quit once he discovers it is a bad pro ject because the losses incurred by

quitting at date 1 arc smaller than those at date 2. i.c. bop < by. Therefore we have

the following result:

Proposition 2 Under multi-investor financing, entrepreneurs will stop bad projects

at date 1 ‘voluntarily.
Single Investor Financing

We again begin our analysis with the refinancing decision at date 2 and then con-
sider the entrepreneur’s investment decision at date 1. Note that under single investor
financing, the investor will have all information s4 and sg and will be able to use
this information to choose an ex post efficient strategy to rcorganize the project such
that payoff V=(s1.sp) is greater than the ex post cost of refinancing. /3. Therefore.
the investor is not able to commit to terminating a bad project ex post.

\[orcover. the fact that the investor cannot commit to terminating a bad project
affects the cntrepreneur’s ex ante incenrives to reveal information. When thé entre-
prencur at date 1 discovers that his pro ject is a bad one. he expects that the project
will alwayvs be continued and refinanced by the investor at date 2. Consequently, if
he decides to quit the project. he gets private benefit by: if he decides to continue the
projcct. the bad project will always be refinanced by the investor and will generate a
privatc benefit b3 > by for the entrepreneur. Thercfore. the entreprencur will always
choose to continuc a bad project after he privatcly discovers its type. We record these

results as the following proposition.

Proposition 3 Unduer assumption 7A-1). all single investor-financed bad projects

uwil be refinanced. er post.

->Our theory of an ex post commitnent device is in the spirit of Maskin (1992) which shows that

inforination asvmmetry between two partics can make auctions incfficient.
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An interesting insight from this result reveals that without conflicts of intcrest and
informational asymmetries on the investor side. single investor financing is not able to
solve the asymmetric information problem between the investor and the entreprencur
Jue to the lack of a commitment to liquidate bad projects. !V

In addition. our theory has an important implication for centralized economics.
In a centralized cconomy. the state bank (or the government) finances all projects
and collects all information. According to our theory. the statc bank as the sole
investor in R&D projects is not able to commit to terminating bad projccts cx post.

Thercfore, there is a soft budget constraint in a centralized cconomy (Kornai. 1930:

Dewartripont and Maskin. 1995).

EFFICIENCIES IN SINGLE INVESTOR AND MULTI-INVESTOR
FINANCING

The above section shows the benefits associated with multi-investor financing.
However. it is well known that relative to internal financing {a special case of single
investor financing). external financing (multi-investor financing is oftcn observed in
oxternal financing) may incur an additional cost. Finance literature provides many
rcasons for the additional cost of external financing. The most prevalent reason is
that due to the asvmmetric information between a firm and its investors in the case
of cxternal financing, there exist both moral hazard and adverse sclection problems.
As a result. external financing is more costly than internal financing and hence it is
less cfficicnt (Arrow. 1962: Stiglitz and Woiss. 1981: and Myers and Majluf. 1984:
LaPorta. Lopez de-Silancs. Shleifer. and Vishny. 1997). Particularly. since a typical
R&:D project involves a large sunk cost (low liquidation value). with cxternal financ-
ing the moral hazard and adverse selection problems in R&D projects are more severc
(Bernanke and Gertler, 1989: Calomiris and Hubbard. 1990: Hubbard and Kashyvap.
1990).

“"This result is similar to that of Dewatripont and Maskin (199537, The major difference between
their result and ours is that there i3 w0 wealth constraint on the investors in our model: moreover.
i our model the two investors arc involved simultancousiv. while in their model the investors arc

invoived sequentially.



In this section. by cstablishing the trade-offs between the bencfits and costs associ-
ated with multi-investor financing, we analyze an optimal strategy for firms. To keep
our model simple and to focus on our major contribution. we call the costs incurred
bv external financing an institutional cost. We denote the institutional cost of exter-
nal financing as c and the cost of collecting signals in the casc of intcrnal Hinancing
(or single investor financing) as ¢®.  We assume that both ¢ and ¢ are cxogcnously
siven. and ¢ > c*.

According to Proposition 2, in the casc of multi-investor financing in cquilibrium.
all bad projects will be dropped by the entrepreneur at date 1. Morcover. for any
project proposed randomly from the project pool. with probability 1 — A a project is
a good one. gencrates an expected return V. and requires investments Iy -c—I2 = ¢;
with probability \ a project is a bad one. generates an expected return V, and requires

investment I, — c only. Thus. the cxpected profits from multi-investor financing w°
arc.
2° = 1=V -5 =L-2)—\N-I1—-¢
= L —(1=AV=-D)—-{2-Nec
Using Proposition 3. in the case of single investor financing. a bad project will
definitely be refinanced. Given that with probability (1 — A) a project is a good one,
generates an expected return V. and requires investments J; —I»: and with probability

A a project is a bad onc, generatcs an expected return V, and requires investments

Iy~ Iy — I3, the expected profits from single investor financing arc:
A== =1 =NV =L)=XV = T—13).

The difference between the profits from single investor financing and the profits

from outsidc co-financing is
ez = ANLh=h=-V)=—(2=Nc—c.

In comparison. it is casy to scc that if liquidatien did not deter an entreprencur from
continuing a bad project at datc 1. the expected pavoff in multi-investor {inancing

wonld be 79 = (1 — A(V = I = I = 2¢). In such a case. liquidation would not be
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cfficient. This is because

To sumumarize the result. we have the following:

Proposition 4 Without a deterrent effect. liqu:dation alone is less efficient than

reorganization. However. with a deterrent effect. the institution which commits to

liqu:dation can be more efficient.

Similar to thc literaturc on bankruptcy (e.g.. Aghion. Hart. and Moore. 1995).
we show that liquidation per sc can be less efficient than rcorganization. But un-
like the above. we emphasize ex ante expectational effects of different ‘bankruptcy
procedures.” We demonstrate that a commitment to liquidate bad projects plays a
fundamecntal role in deterring entrepreneurs from hiding private information. There-
fore. an institution which commits to liquidate bad projects may be more cfficient.

However. even with a deterreat effect. multi-investor financing may still be less
cfficicnt than single investor financing. This is because the difference in the net
benefits between single investor financing and multi-investor co-financing depends on
the extra cost of muiti-investor financing. ¢:** the uncertainties of the projects. A: the
required investment in the second and third periods. I> and I3: and the realized value
of a bad project when it is completed. V". In the following we conduct a comparative
static analysis of the difference between = and =°.

The cquation =% — 7% = =A\(Jo — I3 = V') — 2 = \)¢ — ¢* shows the trade-off between
single investor and multi-investor co-financing. On the one hand. there is a savings
of investment in a bad projeet under multi-investor financing. A(J> — I3 — V). On the
other hand. there is an extra cost under muiti-investor financing, ¢{2 — A). From this

trade-off. we solve for a threshold level A™ which makes 7 = 7°. Then we have

N = C-E.‘c:}:-iv" ’ fe« I-J - I3 - V =5
b fezh-L-V-c.

- The institutional cost of external wulti-invesror Snancing varies depending on the financial

inssitution rexamples can be fimd in LaPorta. Lopez de-Silanes. Shieifer. and Visinv. 1997,



such that if \. the probability that a project is bad. is greatcr than A”. multi-investor
co-financing is morc efficient than single investor financing. and vice versa. Investi-

gating A" lcads to the following lemma.

Lemma 1 If ¢ —¢® =0, multi-investor financing s always more efficient: ifc—c® >
I,— I3 = V. single investor financing is always more efficient: if0 < c—c* < [a—I3-V".

the more efficient financing mechanism depends on A.

This lemma shows extreme cases where the efficiency of financing is independent
from the uncertainty of the project.
Against the threshold level \*. it follows:
7> =, ifA <A™,

T < w0, if A > A\

It is also casy to see that 5”;{7"" —7°} < 0. That is. if the budget constraint is hard.
the advantage of muiti-investor financing vis-a-vis that of single investor financing
increases with the uncertainty of the project type. Therefore. we can summarize the
following results regarding the optimal strategies for R&D project financing when a

firm faces different degrees of uncertainties.

Proposition 5 If 0 <c—c* <lo=I3—V. there isa critical level of uncertainty of

the project. A\™ = -C%::I‘:—_;- such that

1. if uncertainty is low. that is, A < A", single investor financing is more efficient

than multi-investor co-financing:

o

if uncertainty is high. that is, A > A™. multi-incestor financing is more efficient:
3. the adventage of multi-investor co-financing over single investor financing in-
creases in A,
\Morcover. a comparative static analysis of rhe difference between = and =° lcads
to:

Proposition 6 If 0 <c—c* < L=V the adrantage of multi-investor financing

over single investor financing tncreases as

—
o,



. the institutional cost of multi-investor financing. c. decreases:

!\a

the uncertainty of the project. \. increases:

3. the costs of required investment at the second and third periods. I and I3 re-

spectively. increase: and

4. the final return of a bad project. V. decreases.

The above proposition sheds some light on the relationship between financing in-
stitutions and technical changes. The creation and development of modern financial
intermediaries, motivated by a demand to reducc the costs of cxternal financing.
have led to a stcady increase in the share of multi-investor financing in developed
cconomies. Venture capital financing may be an example. Moreover. most high-tech
projects. in such fields as computers. software, bio-tech. crc.. are characterized by
high uncertaintics. Thus. the concentration of venture capital financing in high-tech
industrics matches our results weil.

Furthermore. when the uncertainty of a project is lower. and/or the costs of re-
quired incremental investments decrease. and, or the final return from a bad project
increases. our results indicate that single investor financing is morc efficicnt. These
predictions are consistent with the observation that large corporations tend 1o pur-
chase innovative projects at later stages when uncertaintics arc much lower and the
final rcrurns from bad projects arc not too low. Our results thus can also explain
why cash-rich large corporations devote more attention to perfection-related or cost-
reduction-related innovation and less attention to new-product-related innovation
(Scherer. 1991, 1992). and why corporate executives tend to restrict their R&D ac-
tivitics in less uncertain and less novel projects (Jewkes et al.. 1969: Nelson ct al..
1967).

If cash-rich large corporations are interesied in investing in R&D. then our theory
shows out that it is in their interest to co-fnance such projects externally. This may
<hed some light on why in the 1970s IBM contracted out its first generation PC CPU
chips to Intel and its operating svstem to Microsoft: why AT&T did not choosc to

keep Beil Laboratories for its R&D: and why Merck did not take over one-third of
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the publicly traded small bio-tech companies which produced almost ten times morc

new drugs. though spending approximatcly the same amount of money for R&D.
CONCLUDING REMARKS

In this paper we arguc that the incfficient clements in multi-investor co-financing.
snch as informational asymmetrics and conflicts of interest among co-investors. can be
strategically cmployed to prevent renegotiation. and thus can help co-investors com-
mit themsclves to terminating bad projects which can only be discovered cx post.
With such a credible threat. multi-investor co-financing deters bad projccts at an
carly stage. In contrast, if a R&D project is internally financed and there arc no in-
formational asvmmetries or conflicts of interest on the investor side. the commitment
device does not cxist. A disadvantage of multi-investor financing compared with sin-
ale investor financing is an extra cost caused by moral hazard and adverse selection
problems. which measures the cost of external capital markets: this is viewed as an
ineritutional cost. Based on the trade-off between the costs and benefits of multi-
investor financing vs. single investor financing. our theory explains optimal R&D
project sclection and financing.

Our theory sheds light on the stylized fact that large companies usually finance
R&:D projects internally and they tend to finance safer projects. Our theory explains
how the verv attractive feature of a large company - that is. no binding ﬁnanc.ia.l
constraints for R&D and. no serious conflicts of interest in financial decisions — pre-
vents them from committing to an efficient ex post sclection of projects. The lack
of an cffcctive ox post screening mechanism in large corporations makes them tend
to choose safer innovative projects. Indeed. this insight is consistent with empirical
studics which show that large corporations tend ro maintain the stability of their
R&-D organization: morcover. their R&D budgeting is usually not based on individ-
nal projects. which-implies a smoothing of revenue across projects (Mansfield. 1968.
p.62. and Reeves. 1938).

Our theory has implications for cconomic growth. The central role of technological
change on cconomic growth has been recognized since Schumpeter (1934). In the

classical Solow growth model. R&D has been viewed as a power engine for economic
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growth. In new growth theory. the role of R&D on growth is cndogenized through
inputs to technological change whilc institutions are exogenously given (Romer. 1990:
Grossman and Helpman. 1991). Nevertheless. we observe institutions playing impor-
rant roles that affect the efficiency of R&D and growth. Despitc its carly success in
RA:D. the former Soviet Union did poorly in high-tech arcas and in growth. despite
having the world’s highest percentage of GNP allocated to R&D from thc mid 1970s
to the latc 1980s. Morcover. from a different perspective the “East Asia miracle’ may
also show that institutions play important roles in R&D. thus in growth. Recent de-
velopments in growth theory try to incorporate institutions into the picture (Aghion
and Howitt, 1992: Aghion and Tirole, 1996: Young. 1992). In this paper. we focus
on financial institutions without modeling growth.

For firms in catching-up economies. imitating or perfecting existing technologies are
the best strategies. With the low-uncertainty of imitation. our theory implies that
single investor financing is more efficient for work on catching-up projects. Thus.
Huancial institutions which make R&D internal ficancing casicr can greatly accelerate
the catching-up process. such as Japan in the 1960s to the early 1980s. and South
Korca and other East Asian cconomies in the 1930s and the 1990s. However. high-
tech firms in the most advanced economies face frontiers of rechnological innovations
which arc associated with high uncertainties. Our theory predicts that muiti-investor
financing should be more cfficient. but a low ‘nstitutional cost for multi-investor
financing is critical. Venture capital institutions may reduce this cost. In contrast.
thosc fnancial institutions which are cfficient to finance catching up {imitation or
perfection) projects may not be efficient to finance highlv uncertain projects. This
may shed some light on the rcasons for the carly success and the recent troubles
experienced by the Japanese and the “East Asian miracle” economics.

Our results also have important implications for centralized cconomics. In thosc in-
Justrics where R&D projects are less uncertain. such as machine building, chemicals.
«<teel. and other heavy industrics. the optimal inancing strategy is internal. R&D
projects arc always financed internallv in centralized cconomics.  Thus our model
predicts that there is no difference in efficiency Serween a decentralized cconomy and

¢ centralized economy. In reality. centralized economics perform rcasonably well in



R&:D for heavy industries.

However. in high-tech industries. such as computers. clectronics. or bio-tech. where
R&D projects can be very uncertain.?! multi-investor financing will be more cfficicnt.
With no other investors in a centralized cconomy. the option to co-financec a project
externally is not available (or the cost is too high). This implics scrious incfficiencics
for R&D projects in these areas duc to the lack of an ex post screening mechanism
in a centralized economy. In fact. the most striking and devastating cxamples to
support this point are the serious efforts but failurc on the part of the Sovict Union
to catch up with the West in computers and clectronics. despite their strategic and
military importance.

Finally. some remarks on our approach are in order. In order to focus our analysis
on financing mechanisms and their effects on R&D investment. we have chosen to use a
reduced form of some parameters in our model. such as the institutional cost of multi-
investor financing and the private benefits of entrepreneurs. The institutional cost of
multi-investor financing is a measurement of the imperfection of multi-investor capital
markets. It is related to another dimension of the informational asymmetry between
the investors and the entrepreneur which may result in moral hazard and adverse
sclection problems for the entrcpreneur. Depending on capital market development
and other institutional setrings. such as that of the legal system. the institutional
cost mayv vary across countries and over time (LaPorta. et al. 1997). Th;are also
oxists cxtensive economic and finance literature which provides the rationale for such
institutional costs (c.g., Arrow. 1962: Stiglitz and Weiss. 1981: and Myers and Majluf,
1934).

Regarding our reduced form treatment of the cntrepreneurs’ private benefits. it
should be pointed out that this can be replaced by cndogenized compensations to the

entrepreneur and none the above results will be changed qualitatively.?

21y [ust of the basic scientific principies for computers. integrated circuits. and bio-tech were devel-
oped parallel to R&D projects in the respective Helds. This made the uncertainey of such projects

verv high.
“*S¢e our companion paper whick focuses on financing mechanisms and optimal managerial con-

tracts (Huang and Xu. 19971
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