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Chapterr 4 

R&DD Incentives, Syndication, and 
Reputationn in Venture Capital* 

Abstract ::  Idea theft is a well-known problem in the financing of young, innovative firms: 

thee potential expropriation of entrepreneurs destroys incentives for R&D. This problem 

especiallyy applies to the venture capital industry, where control rights provide financiers 

perfectt oversight of their firms. In this paper, wc argue that investment syndication 

alleviatess the incentive problem arising from the possibility for idea theft. Wc show 

thatt when knowledge is potentially verifiable, syndication induces venture capitalists to 

refrainn from stealing ideas and thereby enhances incentives for R&D. This is because, for 

litigationn results in a loss of reputation, syndication implies an increase in the reputation 

att stake in start-up firms. The model predicts that i) syndication enhances innovation, 

ii )) projects aiming at more fundamental research wil l be syndicated more frequently, iii ) 

att early stages, only good reputation venture capitalists wil l be involved as syndication 

partners,, iv) more reputable venture capitalists form smaller syndicates. 

'Thiss chapter builds on the paper "R<fcD Incentives. Syndication, and Reputation in Venture Capital 
Contracting'' co-authored with Ralph Bachmann. 
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4.11 Introduction 

"VCs"VCs don't sign non-disclosure agreements. That affords them protection if they like your ideas, 

butbut they want to fund someone else to do them. At least two of my friends have had their ideas 

stolenstolen and funded separately. One case was a blatant theft ... My friend sued and won a moral 

victoryvictory and a little money. " ! 

Ideaa theft is a well-known problem in the financing of young, innovative firms. An 

entrepreneurr may loose the rewards of his research effort when the financier uses his idea or 

interimm research results in alternative applications. The anticipation of stealing destroys 

thee entrepreneur's incentives for research and thus lowers the likelihood of invention.2 

Thiss problem especially applies to firms financed by venture capital. In exchange for 

thee provision of financing, venture capitalists require a variety of control rights, including 

boardd and information rights. Control provides these financiers a means to understand 

theirr entrepreneurs' ideas and research. Furthermore, venture capitalists invest in a port-

folioo of projects. This allows them to be involved in a number of different (but related) 

applicationss of a certain idea. The possibility to profit from alternative applications gives 

venturee capitalists incentives to expropriate innovating entrepreneurs. 

Casess of litigation over intellectual property indicate how severe this problem has 

becomee in recent years. One example is the case of the Boston based start-up, Corporate 

Communicationss Broadcast Network (CCBN). which filed a lawsuit against its largest 

investor,, Thomson Financial Inc., alleging that it had breached its fiduciary duty by 

usingg information from CCBN board meetings to compete against the company.' 

]Nickk Tredennick: 'An Engineer"*  View of Venture Capitalists', Spectrum Online 
2Thiss problem has been acknowledged in the literature on R&D financing. See for example Bhat-

tacharyaa and Chiesa (1995), Ueda (2003). or Yosha (1993). 
30therr examples include 3Dfx Interactive, a media processor developer. The company initiated a 

lawsuitt against one of its investors. Sega Enterprises, for the termination of a contract that called 3Dfx 

too develop a new technology. The company claimed that the lawsuit attempted to protect its intellectual 

propertyy rights. 
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Inn this paper wo argue that syndication, that is joint investment by at least two 

venturee capitalists, alleviates the incentive problems that arise from the possibility of 

ideaa theft. This is because venture capitalists may loose their reputation when innovating 

entrepreneurss litigate in order to protect their property rights over intangible assets. Syn-

dicationn increases the reputation at stake in ventures and therefore, given the potential 

forr litigation, decreases incentives for venture capitalists to expropriate innovating entre-

preneurs.. Our model suggests that, by alleviating the threat of expropriation of valuable 

interimm knowledge, syndication enhances incentives for R&D. 

Syndicationn is a frequently observed phenomenon in venture capital financing.4 A 

numberr of different motives exists for venture capitalists to syndicate their investments.5 

Inn this paper we do not intend to claim that enhancing R&D incentives would be the 

primaryy motive for syndication in the venture capital industry. We argue however that 

investmentt syndication has implications that enhance incentives for R&D. In particular, 

syndicationn brings along an increase in investor reputation involved in any given deal. We 

showw that if more reputation is at stake, venture capitalists refrain from expropriating 

entrepreneurss and contribute more, which enhances both parties' incentives for R&D. 

Accountingg for recent cases of litigation over intellectual property, wc depart from 

thee standard assumption in the R&D literature that knowledge is either patentable or non-

verifiablee in court.0 We claim that there exist cases when property rights over interim 

knowledgee can be enforced in court: we assume knowledge to be potentially verifiable. In 

4Schwienbacherr (2002) finds that an average syndicate involves 4.5 venture capitalists in the US 

andd 2.7 venture capitalists in Europe. Lerner (1994) finds that in the US, first-round investments are 

syndicatedd on average by 2.2, second-round investments by 3.3, and third-round investments by 4.3 

venturee capitalists. 

°Onn the one hand, syndication allows venture capitalists to spread investment across several projects 

andd thereby reduce risk. On the other hand, syndication can be a means for venture capitalists to share 

intangiblee resources, such as professional expertise, during project selection and realization. 
6Severall  papers in the literature (see. for example. Aghion and Tirole (1994), Bhattacharya and Chiesa 

(1995),, Fulghieri and Sevilir (2003), or Yosha (1993)) point out the non-verifiability of iterim research 

resultss as the primary problem in the financing of RfcD activities. 
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otherr words, litigating entrepreneurs may win lawsuits and thus obtain compensation for 

infringementt with positive probability. 

\Vcc model the development of a research project in two stages. Early stage research 

byy an entrepreneur may lead to interim research results. The research results arc devel-

opedd into a final product jointly by the entrepreneur and a venture capitalist (VC) in a 

second,, commercialization stage. Since the VC invests in a portfolio of projects, he may 

havee an incentive to steal the entrepreneur's interim knowledge in order to use it in an 

outsidee application. This decreases the VC's contribution to the value of the innovating 

venture.. The anticipation of a less valuable commercialization stage company negatively 

affectss the entrepreneur's early stage research incentives and the probability of invention. 

Wee argue that syndication eliminates these inefficiencies by alleviating the threat of expro-

priationn of the entrepreneur. Given the possibility for litigation, the involvement of more 

thann one investor increases the total reputation at stake in the deal and thus decreases 

thee lead VC's incentives to steal the interim research results. As a result, syndication 

enhancess the entrepreneur's incentives for R&D. 

Thee intuition is as follows. Since the theft of interim knowledge results in litigation 

andd a loss of reputation, the entrepreneur assumes a reputable venture capitalist to refrain 

fromm stealing and to add substantial value to the venture. This expectation stimulates 

thee entrepreneur to exert commercialization stage effort. Moreover, the anticipation of a 

valuablee commercialization stage company enhances his incentives for research. However, 

iff  rents from an alternative application arc sufficiently high and /or the venture capitalist 

hass no substantial reputation to put at stake, the entrepreneur expects the VC to expro-

priatee the interim research results. This expectation affects negatively his research and 

commercializationn stage efforts and results in a depressed firm value. Syndication may 

alleviatee this problem. The participation of additional investors with good reputation 

raisess the collective reputation at stake in the deal, thus makes the expropriation of the 

entrepreneurr less likely. The expectation of preserving the value of his research induces 

thee entrepreneur to exert more effort, which in turn enhances the VC's contribution. Syn-
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dicationn with other reputable venture capitalists can thus be considered as a commitment 

mechanismm for the lead VC, with good or bad reputation, to refrain from expropriation 

andd contribute to the venture in a late, post-invention stage of its development. 

Thee model provides new insights for the literature on venture capital. Its most 

importantt prediction is that investment syndication enhances innovation. Evidence in 

Kortumm and Lcrner (2000) supports this view. The model also suggests that projects 

aimingg at more fundamental research should be more often syndicated. The finding in 

Bygravcc (1987) that high-tech investments arc syndicated more frequently than invest-

mentss in more traditional firms is consistent with this view. Furthermore, the model 

impliess that at early stages, only good reputation investors wil l participate as syndica-

tionn partners. Finally, the model accounts for the existence of larger size syndicates: it 

predictss a negative relation between venture capitalists' reputation and syndicate size. 

Earlierr theories emphasized the risk-sharing function of syndicates at public secu-

ritiess issues (Wilson (1968), Chowdhry and Nanda (1996)). Pichlcr and Wilhelm (2001) 

considerr syndication as a moral hazard in team problem and argue that barriers to entry 

mitigatee the costs of moral hazard in team production that characterize syndicates. This 

literaturee exogenously assumes syndication at investment banks' underwriting deals. 

Wee are aware of two theories, besides the current one, that focus on the venture 

capitall  industry and derive cndogenously the need for investment syndication. Admati 

andd Pfleidcrcr (1994) argue that under staged financing optimal continuation and invest-

mentt call for the existence of an 'inside investor" who finances a fixed (limited) fraction 

off  all investments. Casamatta and Haritchabalet (2003) show that syndication may arise 

fromm the need of inexperienced venture capitalists to gather information while avoiding 

profit-destroyingg competition. These theories do not account for the role of the entrepre-

neur.. In the current paper, syndication is derived from the entrepreneur's expected utilit y 

maximization:: hiring a syndicate is a response by the entrepreneur to the threat of idea 

stealingg and the potential insufficient contribution by the venture capitalist. Novel con-

tributionss by Biais and Perotti (2003) and Ucda (2003) share our focus on the possibility 
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forr idca-thcft but leave aside the analysis of effort incentives in the two-stage process of 

researchh and development.7 

Numerouss papers focus on the organization and financing of R&D intensive firms. 

Inn Aghion and Tirole (1994) innovation is non-verifiable and arises from joint effort by the 

researchh and development units. These considerations make the allocation of the prop-

ertyy right over innovation of key importance.8 In the present paper, the emphasis is on 

thee creation of interim knowledge that arises exclusively from the entrepreneur's activity. 

Moreover,, interim knowledge is assumed to be potentially verifiable. Other papers on the 

two-stagee R&D process focus on the optimal ways of licensing non-verifiable knowledge. 

Anaiidd and Galctovic (2000). Anton and Yao (1994). and Bhattacharya and Guriev (2004) 

assumee that researchers may sell their interim knowledge to competing development units. 

Thee venture capital context docs not allow for this possibility.9 Closer to our research, 

Yoshaa (1993) and Bhattacharya and Chiesa (1995) analyze the choice between bilateral 

andd multilateral financing of innovative activities. We share their assumption that a com-

monn financier is interested in the spillover of interim knowledge across firms. In contrast 

7Inn contrast to Biais and Perotti (2003), in the present model, single-handed theft of the entrepreneur's 

ideaa (interim research results) is not a profitable strategy for any syndicate member with a positive equity 

stakee in the start-up firm. This is because joint litigation by the entrepreneur and another syndicate 

memberr would succeed with probability one and result in a sure loss of reputation for the thief. Section 

4.2.22 provides a more detailed discussion of the model's assumptions in relation to the functioning of a 

venturee capital syndicate. 

"Aghionn and Tirole (1994) argue that efficient investment in R&D requires the allocation of the 

propertyy right over innovation to the party with the research task: research units should be non-integrated. 

Forr a cash-constrained researcher, however, independence from the development unit is hard to achieve. 

Inn this case, the participation of an outside financier (co-financing) may allow for independence. Fulghieri 

andd Sevilir (2003) show that under intense product market competition, co-financing arrangements may 

nott be optimal. 
9Inn line with the view that researchers are not capable to manage firms, in the current paper we assume 

thatt the entrepreneur is not able to establish the start-up company alone. Moreover, we assume that 

afterr the research stage, the venture capitalist have a perfect understanding of the entrepreneur's interim 

researchh results. For these reasons, knowledge licensing is not a feasible option for the entrepreneur. 
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too these papers, we cxplicitely model the mechanism through which knowledge transfer 

reducess expected returns for the innovator by assuming an active financier (venture cap-

italist)) and taking into account the decrease in firm value resulting from the loss of his 

contribution.. Our approach contributes to the R&D literature by suggesting that there 

mayy exist reasons other than the reduction of monopoly rents that render multilateral 

financingfinancing suboptimal for potential innovators. 

Last,, the paper relates to the literature on the role of reputation in financial inter-

mediationn (Diamond, 1989; Boot and Thakor, 1993), To the best of our knowledge, it 

iss the first to point out. the incentive effect of reputation in preserving (and increasing) 

investors'' commitment to R&D, focusing on the venture capital industry, where entrepre-

neurss are especially exposed to the threat of expropriation of their innovative ideas and 

interimm research. 

Thee paper proceeds as follows. The next section describes the model. The first-best 

outcomee is given in Section 4.3. In section 4.4 we analyze the parties' equilibrium research 

andd commercialization efforts and solve for the optimal contract. Initially , we assume that 

thee entrepreneur enters into a contract with only one venture capitalist. Then we allow 

forr the involvement of a venture capital syndicate. Section 4.5 describes the empirical 

implicationss arising from the model and compares them to existing evidence. The final 

sectionn concludes. All proofs arc in the Appendix. 

4.22 The Model 

Considerr an economy with two types of agents that arc involved in the creation and 

developmentt of innovative start-up firms: entrepreneurs and venture capitalists (VCs). 

Al ll  agents are rational, risk-neutral, and maximize their respective personal wealth. We 

distinguishh four points in time, t <E { 1 . . . . .4} . However, since we assume that venture 

capitalistss may differ in terms of their reputations at t = 1. and that they care about their 
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reputationn beyond / — 4. it is best to think of these four points in time as representing 

aa single period within a steady state equilibrium in an economy with an infinite time 

horizon. . 

Thee basic structure of our model without syndication is as follows. The development 

off  a start-up firm takes place in two stages and requires the participation of an entrepre-

neurr and one venture capitalist. In the first ('research') stage the entrepreneur generates 

ann innovative idea and exerts research effort to turn this idea into 'interim research re-

sults.'' If the research stage is successful then the entrepreneur and the venture capitalist 

bothh have to exert effort in the second ('commercialization1) stage to turn the interim 

resultss into a commercial product. However, under certain circumstances the venture 

capitalistt may instead 'steal' the entrepreneur's research results and utilize them in an 

outsidee project with another entrepreneur. If so, the original entrepreneur eventually ob-

servess that theft occured and may take legal action against the VC. While the outcome of 

suchh a lawsuit is uncertain, it always has adverse consequences for the venture capitalist's 

reputation. . 

Insteadd of engaging only a single venture capitalist the entrepreneur may engage 

aa venture capital syndicate that consists of a lead venture capitalist, and one or more 

syndicatee members. The role of the lead venture capitalist is identical to that of the 

singlee venture capitalist in the absence of syndication: he exerts commercialization effort 

duringg the second stage of the start-up development. The other syndicate members do 

nott exert any effort that would directly affect the success probability of the start-up 

firm.firm. Instead, they benefit the start-up firm by 'lending' their reputational capital to the 

syndicate,, thereby reducing the incentives to steal the interim research results. Without 

losss of generality, we assume that it is the lead venture capitalist who steals the interim 

researchh results if theft occurs despite syndication. 
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4.2.11 Entrepreneurs, Venture Capitalists, and Start-Up Firms 

Wcc will refer to the entrepreneur with the original project simply as 'the entrepreneur/ 

andd to the entrepreneur who may be employed in the outside project after theft occured as 

'thee second entrepreneur.' The entrepreneur generates the idea for an innovative project 

att t = 1. At that time, the project is characterized by an ordered pair of parameters, 

(IL7 )) € %IQ x [0,1]. The parameter IT denotes the profit that the project wil l yield 

inn the event of a success at t = 3. In the event of a failure the project wil l have zero 

value.. The probability of success is determined by the effort levels exerted by the VC and 

thee entrepreneur as described below. The parameter 7 denotes the ex ante probability 

thatt the VC wil l have an opportunity to steal the entrepreneur's research results after a 

successfull  research stage.10 The parameters II and 7 are common knowledge. 

Att t = 1, an entrepreneur who has generated an idea signs a contract with a single 

venturee capitalist, or with a venture capital syndicate. The set of feasible contracts is 

describedd in Subsection 4.2.2. Since the focus of this paper is on the agency problems 

betweenn the VC(s) and the entrepreneur we may assume that the development of the 

start-upp firm docs not require any financial investment. Al l project inputs are assumed 

too be in the form of effort. 

Afterr the entrepreneur signed the contract with the venture capitalist (s) he exerts 

researchh effort, Ar € [0,1]. The probability of success in this stage is identical to the level 

off  the effort, Ar. Research effort is costly to the entrepreneur. The cost-of-research-effort 

functionn is characterized by the following properties: 

10Withh an "opportunity' to steal the research results we mean that the venture capitalist may be able 

too steal the entrepreneur's research results, but may nevertheless choose not to do so. Whether a venture 

capitalistt has the opportunity to steal the entrepreneur's research results may be determined, for example, 

byy the nature of the research results. One possible interpretation is that with probability (1 - 7) the 

researchh results are going to be so 'specific' that theft could always be verified in a court of law. With 

probabilityy "> the research results are going to be so "general" that the success of a lawsuit against the 

VC(s)) would be uncertain. 
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(Al )) Zero effort is costless: C(0) = 0. 

(A2)) The marginal costs of effort arc strictly positive: C'(Xr) > 0 for all Xr e [0. 1]. 

(A3)) The marginal costs of effort are strictly increasing in the level of effort: C"{XT) > 0 

forr all Ar e (0,1). 

(A4)) The marginal costs of effort approach infinity as effort (i.e. the probability of success) 

approachess one: lim,\r_>i C'(Xr) — oc. 

Thee research stage ends at t — 2 with one of two possible outcomes. With probability 

Arr interim research results are obtained that may be used to develop a commercial product. 

Wit hh probability (1 — Ar) the research effort fails in that no useful results arc generated. 

Inn the latter case the project has zero value and is terminated. 

WThilee success or failure is observable after the research stage by cither party, only 

thee VC knows whether he has an opportunity to steal the entrepreneur's interim research 

results.. The ex post (i.e. as of t = 2) probability that the VC has an opportunity to steal 

thee research results is denoted by 7 e {0,1} . Here, 7 = 0 represents the outcome that 

thee interim research results cannot be stolen, whereas 7 = 1 denotes the outcome that 

thee interim research results can be stolen by the VC. The realization of 7 is private infor-

mationn of the VC at t — 2. The entrepreneur therefore conditions his commercialization 

effort,, A(. £ [0.1]. on the ex-ante probability 7 = E{-y\. The VC observes 7, chooses his 

commercializationn effort, //,. 6 [0.1], and decides whether to steal the research results if 

77 = 1. For the sake of simplicity we assume that a VC who steals the interim research 

resultss finds it optimal not to exert any commercialization effort on the original project. 

Thee cost-of-commercialization-effort functions of the entrepreneur and the VC are 

denotedd by C(Xr), and K{fi (), respectively. Both cost-of-commcrcialization-cffort func-

tionss have the same properties as the entrepreneur's cost-of-rcscarch-cffort function. (Al ) 

(A4).. Conditional on a successful research stage, the probability of a successful commer-

cializationn stage is equal to X<: fi(.. Effort is unobscrvable. and the theft of interim research 
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resultss is unobservable to the entrepreneur prior to t — 3. 

4.2.22 Contracts and Syndication 

Wcc confine our attention to the use of cash and equity. A contract between an entrepreneur 

andd a single venture capitalist is therefore completely specified by an ordered pair (a. T). 

wheree a € [0,1] denotes the fraction of equity that the entrepreneur retains, and where 

TT 6 ?R denotes the cash payment that he receives from the venture capitalist. 

Althoughh the contract is signed at i — 1, the actual cash payment and the equity 

transferr do not take place until and unless the research stage has come to a successful 

conclusionn at t = 2.11 In other words, the contract effectively grants the VC an option to 

purchasee (1 — a) of the firm's equity for T dollars of cash. It is clear that a VC has no 

incentivee to exercise the option when the research stage was unsuccessful. However, we 

assumee that a VC always exercises his option when the research stage was successful, even 

iff  he intends to steal the entrepreneur's interim research result. A possible justification 

forr this assumption is that not exercising the option would leave the entrepreneur the 

solee owner of the project, thereby giving him the opportunity to implement the project in 

collaborationn with another VC. Exercising the option may be in the VC's best interest, 

evenn if this is merely to preclude competition. 

Wee continue to use the ordered pair (a, T) to denote the equity fraction and the 

cashh payment received by the entrepreneur if he engages a venture capital syndicate. 

However,, to completely specify the contract between the entrepreneur and a syndicate 

off  .V venture capitalists it is necessary to specify the equity ownership and the cash 

paymentt received by each venture capitalist. Wc therefore define an ordered pair (a2.Xi ) 

111 Wo assume that the cash payment is delayed until t — 2 since an up-front cash payment would reduce 

thee entrepreneur's incentives to exert research effort. Assuming the cash payment is transferred at time 

tt — 1 would not change the qualitative insights derived from the model. It would however make the 

analysiss less tractable. 
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forr each VC i. i' <G { 1 , . . . , N}. Here a, and Tr denote the fraction of equity and the cash 

paymentt received by VC i. The subscript i — 1 indicates the lead venture capitalist. 

Forr certain purposes it wil l be convenient to refer to this contract using vector notation. 

Wit hh a = (oi as) and T — ( 7 \ . . . . .XV ) we can denote the contract between an 

entrepreneurr and a VC syndicate simply by (a, T). 

Thee equity ownership of each venture capitalist is restricted to values between zero 

andd one, but the cash payments can take on arbitrary positive or negative real values 

(a**  G [0,1] and T, e 3ft for all i <E { l , . . . ,A r } ) . Since the total equity ownership has 

too sum up to one, and since the sum of all cash payments has to be equal to zero, the 

identitiess (1) and (2) must hold by definition. 

aa = l -£> (1) 
ii  = l 

TT = -Y,T< (2) 

Thee timing of the cash and equity transfers and all other assumptions arc analogous 

too the case of no syndication. In addition we make the following assumptions with respect 

too the functioning of a VC syndicate. First, syndicate members can observe theft of 

thee entrepreneur's interim research results as it happens, i.e. one period ahead of the 

entrepreneur.. This assumption may be justified by the fact that venture capitalists tend 

too have relations with other firms that may enable them to spot and observe emerging 

competitorss earlier than an entrepreneur. Second, we assume that a joint lawsuit by the 

entrepreneurr and at least one syndicate member against a lead venture capitalist who 

didd steal the interim research results always succeeds. This assumption may be justified 

byy the fact, that participation of another venture capitalist in the lawsuit adds credibility 

too the entrepreneur's claim that theft occurred. Finally, we assume that the syndicate 

memberss and the lead venture capitalist may bribe1 each other by making side-payments 

thatt arc not observable to the entrepreneur. 

Thee above assumptions imply that the theft of the interim research results by any 
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givenn syndicate member hurts not only the entrepreneur financially, but also all other 

syndicatee members, whose payoff depends on the success of the start-up firm. Given our 

assumptionss that syndicate members can observe theft of interim results as it happens, 

andd that a justified joint lawsuit of the entrepreneur and at least one syndicate member 

againstt another syndicate member always succeeds, single-handed theft of the research 

resultss is not a profitable strategy for any syndicate member. Note however that in 

orderr for syndication to yield any benefits in our model it is necessary that the syndicate 

memberss have a stake in the success returns of the start-up firm. A syndicate member 

whosee compensation docs not depend on the start-up"s success has no incentives to concern 

himselff  with the fate of the company. In particular, he would have no reason to care 

whetherr the interim research results wil l be stolen, and it is not clear in the present 

settingg why theft would have any adverse consequences for such a syndicate member's 

reputation. . 

Att t — 1 the entrepreneur makes a take-it-or-lcave-it offer to a single venture capi-

talistt or a venture capital syndicate. The entrepreneur anticipates the response(s) of the 

venturee capitalist(s) so that the offer always succeeds, in equilibrium. We assume that 

theree is an abundance of venture capitalists who would be able to contribute commercial-

izationn effort to the entrepreneur's project, but that 'reputable' venture capitalists and 

projectss are in short supply. As a consequence, a (lead) venture capitalist wrho is not 

particularlyy 'reputable*  can only expect to be compensated for his cost of commercial-

izationn effort, whereas 'reputable' venture capitalists can demand a premium for lending 

theirr rcputational capital to the syndicate.12 The meaning of the terms 'reputable' and 

'rcputationall  capital' wil l be made precise in Subsection 4.2.5. 

12Thee exact mechanism through which a venture capitalist can 'lend his reputational capital' to the 

syndicatee will he discussed in Subsection 4.4.7. The assumption that the entrepreneur has all the bar-

gainingg power vis-a-vis the (lead) venture capitalist is not crucial for our main results. All that is needed 

iss that the entrepreneur has some bargaining power vis-a-vis the venture capitalist(s) and therefore cap-

turess some of the rents that his idea generates. If this was not the case then the VC would have no 

incentivess to steal the interim research results and the issues addressed in this paper would be irrelevant. 
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Joiningg a syndicate and being a member thereof is assumed to be costless for any 

venturee capitalist:. However, we assume that a reputable venture capitalist is willin g 

too join a syndicate only if he expects to earn at least S > 0 dollars in addition to being 

compensatedd for any loss of rcputational capital. The parameter S may be viewed as a fee 

thatt a reputable venture capitalist is able to charge in return for lending his rcputational 

capitall  to the syndicate. Although we do not explicitly model the relationship between 

thiss fee and the value of the rcputational capital it is an implicit assumption that it is the 

abilityy to charge this premium that makes having good reputation valuable to a venture 

capitalistt in the first place. 

4.2.33 Outside Project 

AA venture capitalist who steals the entrepreneur's interim research results uses this knowl-

edgee to set up a company that is identical in structure to the original start-up firm. The 

venturee capitalist therefore has to involve another entrepreneur in the commercialization 

stagee of this second firm.13 However, different from the original firm the venture capital-

istt is assumed to have all the bargaining power vis-a-vis the second entrepreneur. The 

venturee capitalist is therefore able to capture all rents that arc generated by the new 

venture. . 

Itt will be clear from the context whether we are analyzing the original start-up firm 

orr the outside venture. Hence, there is no need to introduce any distinct notation for the 

analysiss of the outside firm. We wil l denote the contract offered by the venture capitalist 

too the second entrepreneur by (a, T). As in the case of the original start-up firm we denote 

thee VC"s and the entrepreneur's respective commercialization effort levels by fic and Ar. 

andd the corresponding cost-of-effort functions by K(pc) and C(XC). No syndication is 

necessaryy in the case of the outside firm since the venture capitalist has no incentives to 

steall  the research result, and since the entrepreneur is assumed to be unable to do so.14 

1-iThiss assumption is made merely to ensure that the two project values are identical, ceteris paribus. 
14Whilee a typical venture capitalist may be involved in several projects an entrepreneur may be able 
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4.2 .44 L i t i ga t io n 

Thee entrepreneur observes at t = 3 whether his interim research results have been stolen 

byy the (lead) venture capitalist.10 If so, the entrepreneur can file a lawsuit against the 

VC(s).166 However, while the entrepreneur may always observe whet tier research results 

havee been stolen, theft may not always be verifiable in court. We therefore assume that 

evenn a justified lawsuit succeeds only with some positive probability 6 e (0, l ) .17 In other 

words,, we consider the possibility that a perpetrator, albeit believed to be guilty, may 

havee to be acquitted due to the lack of verifiable evidence. 

Thee dissipative costs of a lawsuit are equal to K > 0. The costs of a successful 

lawsuitt are borne by the VC(s), whereas the costs of an unsuccessful lawsuit arc borne 

byy the entrepreneur. A successful lawsuit results in the entrepreneur being awarded 

AA > 0 dollars in damages to be paid by the VC(s). An unsuccessful lawrsuit has no direct 

financiall  consequences for the VC(s), but it does have adverse consequences for its (their) 

rcputationall  capital. 

4.2.55 Reputation 

Eachh entrepreneur in our model is involved in the development of at most one start-up 

firm.. Venture capitalists, on the other hand, interact with entrepreneurs repeatedly.18 As 

too work only on a single project at a time. It is therefore plausible that theft by the entrepreneur could 

bee detected relatively easily by the venture capitalist. 
!5Thee assumption that the entrepreneur eventually observes with certainty whether the research results 

havee been stolen simplifies our model, but it is not crucial for our main results. 
löWee are ruling out the possibility that the entrepreneur could try to blackmail the VC(s) by threatening 

too sue despite the fact that the VC(s) did not steal the interim research results. This assumption greatly 

reducess the complexity of our model since it allows us to focus on a setting in which VC reputation takes 

onn only two distinct values. However, this assumption is not crucial for our main results. 
17Thee parameter 0 could be interpreted as a measure of the effectiveness of the legal system. 
18Itt is convenient to assume that venture capitalists have an infinite life span. 



1122 CHAPTER 4. RkD INCENTIVES, SYNDICATION, AND REPUTATION 

aa consequence, venture capitalists may develop a reputation over time. 

Too keep the model tractable we do not model the full dynamics of reputation forma-

tion.. Instead, we assume that a venture capitalist is initiall y (i.e. at t — 1) 'endowed1 with 

aa reputation. Furthermore, wc assume that this reputation can take on only two distinct, 

levels,, 'good', and 'bad'. We then focus on a steady-state equilibrium in which a venture 

capitalist'ss reputation takes on only these two distinct values. That is. we model a setting 

inn which a reputable venture capitalist wil l maintain his good reputation in equilibrium, 

whereass a venture capitalist with a bad reputation does not find it profitable to invest in 

reputationn building. 

Wcc define a venture capitalist's rcputational capital. u,\ as the net gain that this 

venturee capitalist requires in order to be willin g to forsake his reputation. The rcputational 

capitall  is, by definition, equal to the present value of the future rents that the venture 

capitalistt expects to earn as a result of his reputation. 

AA 'bad' reputation means that the outsiders believe that this venture capitalist wil l 

steall  research results whenever the opportunity arises.19 The rcputational capital of a 

venturee capitalist with a bad reputation is equal to zero. The rcputational capital of a 

venturee capitalist with a good reputation (i.e. of a 'reputable' venture capitalist) is equal 

too some constant, O > 0. 

AA venture capitalist who is known to have stolen research results in the past is 

believedd to do so again whenever the opportunity arises. In other words, committing a 

singlee theft can permanently destroy a venture capitalist's reputation. The same applies 

too a venture capitalist who is known to have colluded with the thief in a VC syndicate.20 

Thee timing of the game and the actions of the (lead) venture capitalist and the 

^Entrepreneurss and venture capitalists are assumed to have homogeneous beliefs. 
20Withh 'collusion' we specifically refer to a situation where the syndicate member knows about the 

theftt being committed, and where he tolerates the theft due to side-payments that he receives from the 

leadd venture capitalist. While collusion is imobservable in our model, the entrepreneur can structure the1 

initiall  contract such that theft reveals ex post that collusion must have taken place. 
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entrepreneur(s)) arc summarized in figure 4.1. 

Figur ee 4.1: Time line and sequence of events. 

t=t=  1 

ENN generates an 
innovativee project idea 
withh parameters (11, 7). 

EN'' signs a contract 
withh a single VC or 
withh a VC syndicate. 

KNN exerts research 
effortt A r. 

** = 2 

Researchh stage fails with 
probabilityy (1 — A,). If so. 
thee project is terminated. 

KNN exerts 
commercializationn effort 
A,. . 

V CC observes 7 and decides 
whetherr to steal the 
researchh results if 7 — 1. If 
noo theft occurs, VC exerts 
commercializationn effort 
fiefie for the original project. 

Iff  theft occurs, VC hires 
secondd EN. Both exert 
commercializationn effort 
forr the outside project. 

** = 3 

ENN observes whether 
theftt occurred. If theft 
occurred,, the project is 
terminatedd and a 
lawsuitt is init iated 
againstt the VC(s). 

Iff  no theft occurred, 
commercializationn stage 
succeedss with 
probabil i tyy A r / i r . If so, 
TII  is shared according to 
thee terms of the 
contract. . 

** = 4 

Outsiderss and EN 
observee whether lawsuit 
takess place and up-date 
theirr beliefs concerning 
thee VC :s reputat ion. 

Lawsuitt succeeds with 
probabil i tyy 0. If so, VC 
awardss EN A and pays 
thee litigation cost n. 

4.33 The First-Best Outcome 

Thee first-best outcome would be attainable if effort was contraetible. It is character-

izedd by the entrepreneur and the VC both choosing effort levels at which their marginal 

productivitiess arc equal to their marginal costs of effort. The entrepreneur's first-best 

researchh effort satisfies the first-order condition 

C"(XC"(Xrr)) = \t.prn-C{\c)-K(nc). (3) 

Thee first-best commercialization effort levels of the entrepreneur and the VC satisfy the 

first-orderr conditions (4) and (5). respectively. 

C'(K)C'(K) = fxrU (4) 

K'{nr)K'{nr)  = A,.n (5) 



1144 CHAPTER 4. RkD INCENTIVES, SYNDICATION, AND REPUTATION 

Ass of t — 1. the first-best firm value is therefore equal to 

Arr [A f.^,n - C(\) - K(Mr_)} - C(\r) (6) 

wheree the effort levels, Ar. A,., and fir. arc determined by (3), (4), and (5), respectively. 

4.44 Analysis of Equil ibrium 

Thiss section analyzes the equilibrium under asymmetric information. We initiall y ignore 

thee possibility of syndication and solve the model in a setting in which the entrepreneur 

approachess a single venture capitalist (Subsections 4.4.1 through 4.4.6). First, we analyze 

thee entrepreneur's decision whether to sue the venture capitalist if he observes that the 

interimm research results have been stolen. We then discuss how the success or failure of 

thee startup firm and the entrepreneur's decision whether to sue the VC affect the venture 

capitalist'ss reputation. Next, we analyze the entrepreneur's choice of commercialization 

effort,, as well as the VC's simultaneous decisions whether to steal the interim research 

resultss and how much commercialization effort to exert. This is followed by a discussion 

off  the contract and the effort choices for the outside project. We then determine the 

entrepreneur'ss research effort. Finally, we derive the equilibrium contract in the absence 

off  syndication. Subsection 4.4.7 extends the entire analysis to allow for the possibility of 

syndication.. The entrepreneur's decision whether to engage a single VC or a VC syndicate 

iss analyzed in Subsection 4.4.8. 

4.4.11 Litigation 

Iff  the entrepreneur observes that his interim research results have been stolen he wil l sue 

thee VC(s) if and only if his expected gains from the lawsuit outweigh the expected costs, 

i.e.. if 

0AA > (1 - B)K. (T) (T) 
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Thatt is. the entrepreneur wil l sue only if the expected damages (A) are sufficiently large, 

iff  the dissipative costs of a lawsuit («) are not too high, and if the probability of winning 

thee lawsuit (9) is high enough. 

Iff  inequality (7) was violated then the legal system would be ineffective in the sense 

thatt the VC could always steal the interim research results without any fear of litigation. 

Thiss would render the considerations of reputation and syndication that arc the focus of 

thiss paper immaterial. We therefore assume for the remainder of this paper that the legal 

systemm is effective in the sense that inequality (7) holds. Moreover, we assume that the 

summ of the damages and the litigation costs (A + K) is large enough to ensure that theft 

iss ex-post unprofitable to any VC who is convicted in court. 

4.4.22 Dynamics of VC Reputation 

Wee define a venture capitalist's reputation (a) as the outsiders' prior belief with respect 

too the probability that the VC wil l steal the interim research results if the opportunity 

arises.. For given values of A, K, and #, this belief is a function of the venture capitalist's 

rcputationall  capital (u>) and of his expected gross gain from theft (T):21 

(( V\ J ° lf "  "  r -^ A + *l ^ 
0{u,T)0{u,T) = l (8) 

II  1 otherwise. 

Thee venture capitalist's rcputational capital, on the other hand, is equal to the present 

valuee of future rents that the venture capitalist expects to earn as a result of this reputa-

tion. . 

Too reduce the notational clutter we define the unconditional ex-ante probability (è) 

thatt the VC will steal the interim research results as 

4>4> = 7<r(o;.r). (9) 

21Thcc venture capitalist's expected gross gain from theft depends on the equilibrium contract and on 

thee entrepreneur's belief w.r.t. the likelihood of theft (see Lemma 8). 
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andd wc wil l use a in the following as shorthand notation for a(uj, T). 

Thee outsiders update their beliefs with respect to the venture capitalist's strategy 

conditionall  on the success or failure of the start-up firm and conditional on whether 

thee entrepreneur takes legal action against the VC. The resulting posterior belief (or 

thee venture capitalist's posterior reputation) is denoted by a'. Wc can distinguish the 

followingg cases: 

(1)) The start-up company fails in the research stage with probability (1 — Ar). This 

outcomee does not reveal any information with respect to the VC's strategy so that 

hiss reputation remains unchanged: a' = a. 

(2)) The company succeeds with probability ArA(./i(.(l - (j>).  With probability A r(l — 

A c/i c)(ll  - 4>) the company fails in the commercialization stage but the entrepreneur 

docss not sue the venture capitalist. Either outcome reveals that the VC did not 

steall  the interim research results. A good prior reputation (<r = 0) leads the public 

too infer that the venture capitalist cither had no opportunity to steal the interim 

researchh results, or that he did not steal the idea despite having the opportunity to 

doo so. Either case confirms the venture capitalist's prior reputation (a' = a — 0). 

AA bad prior reputation (a = 1) leads outsiders to infer that the venture capitalist 

hadd no opportunity to steal the interim research results (7 — 0), so that the VC's 

badd reputation is also be maintained (a' — a = 1). 

(3)) The probability that the company fails in the commercialization stage and that this 

failuree is followed by a lawsuit is equal to Xr4>. This outcome reveals that the VC 

didd steal the entrepreneurs' research results so that the VC's posterior reputation 

iss equal to a' = 1 irrespective of his prior reputation. 

Itt follows from the above that a VC with a bad reputation (a = 1) is stuck with 

thiss reputation, irrespective of his actions. A reputable venture capitalist maintains his 

goodd reputation [a — 0) unless he steals an entrepreneur's interim research results and is 

takenn to court. 
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4.4.33 Commercialization Effort and the Theft of Interim Results 

Afterr a successful research stage the entrepreneur chooses his commercialization effort as 

aa function of 0 and a. The VC additionally observes the realization of 7 and then decides 

whetherr to steal the interim research results, and how much commercialization effort to 

exert.. We therefore denote the entrepreneur's and the VC's respective commercialization 

effortt levels by Xc(a, <$>)  and fi,.(a,<j>,  7). 

Lemmaa 1 (Commercial ization effort ) For any given <fi  the. equilibrium commercial-

izationization effort levels of the entrepreneur and the VC are determined by the following system 

ofof first-order conditions: 

C ' ( A , ( Q > ))) = ( l - 0 ) t t ^ ; ( a ^ , O )n (10) 

{ (11 — a)\Jct. d>)U if the VC does not steal the interim results. 

00 otherwise. 

Thatt is, with the exception of a VC who steals the interim research results, each 

agentt chooses an equilibrium commercialization effort level at which his marginal cost 

off  effort is equal to the expected marginal increase in the value of his personal equity 

stake.. Based on Lemma 1 it is straightforward to derive the following comparative statics 

results. . 

Lemmaa 2 (Comparat ive statics) Let <p £ [0,1). Then the following comparative 

staticsstatics results hold for the equilibrium commercialization effort levels of the VC and the 

entrepreneur: entrepreneur: 

a)a) dfic(a, 0, 0)/'da > 0 for a sufficiently close to zero. 

b)b) dfi(:(a.0,Q)/da > 0 implies d\c{a,0)fda > 0. 

c)c) d\((cx. 0)jda < 0 for a sufficiently close to one. 
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d)d) d\(:(a,(p)/da < 0 implies dnc(a,(fr,0)/da < 0. 

e)e) <9A(.(a.<?)/d0 < 0 and 0/i,.(a,0.O)/00 < 0 

AA VC may find it profitable to steal the entrepreneur's interim research results for 

twoo reasons. First, he would capture all rents generated by the outside project since he has 

alll  the bargaining power vis-a-vis the second entrepreneur. Second, the mere possibility 

thatt the research results may get stolen reduces the original entrepreneur's equilibrium 

effortt levels. This, in turn, reduces the venture capitalist's incentives to exert effort when 

hee docs not steal the interim research results. The two effects reinforce each other and 

mayy result in a significantly depressed firm value, relative to the value of the outside firm 

wheree the threat of theft is absent. 

Thee VC's expected gain from stealing the interim research results depends on the 

sharingg rule for the original project, and on the ex-ante probability of theft. We denote 

thee VC's expected gross gain from stealing by T(a ,0). We refer to T(a,<p) as the gross 

gainn from stealing as it does not include any costs that may arise from litigation, or from 

thee loss of reputational capital. 

Lemmaa 3 The VC's expected gross gain from stealing the entrepreneur's interim research 

resultsresults is a continuous and strictly increasing function of the ex-ante probability of theft: 

dT{adT{a:^:^ > o. (i2) 

AA venture capitalist decides whether to steal the interim research results by com-

paringg the expected gains from stealing with the expected costs of a lawsuit and the loss 

off  reputational capital. Hence, we obtain the following result. 

Lemmaa 4 (Ex-ante probabil it y of theft ) Suppose the entrepreneur approaches a 

singlesingle venture capitalist with reputational capital aj £ {OAl}. If 

Y(<*.Q)-6[AY(<*.Q)-6[A + K] < u; (13) 
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thenthen there exists an equilibrium s.t. 0 = 0. Otherwise there exists an equilibrium s.t. 

<i>> = 7. 

I tt is an immediate implication of Lemma 2.c) and Lemma 4 that a VC's reputation 

mayy affect the equilibrium effort levels of the entrepreneur and the VC. 

Lemmaa 5 (Effect of VC' s reputat ion on commercial ization effort levels) If the 

VC'sVC's reputational capital is large enough to ensure that inequality (13) holds then the 

equilibriumequilibrium commercialization effort levels are strictly greater than otherwise. 

AAAAAA Outside Project 

Givenn the contract (a, T) we can obtain the equilibrium commercialization effort levels for 

thee outside project by substituting <f>  — 0 and 7 = 0 into (10) and (11). That is. for any 

givenn contract, the levels of commercialization effort that the second entrepreneur and 

thee VC exert on the outside project are identical to the effort levels that the VC and the 

originall  entrepreneur would exert on the first project if it was known ex-ante that theft 

neverr occured. The equilibrium commercialization effort levels for the outside project arc 

thereforee determined by the system of first-order conditions (14) and (15). 

C'(X,(a,0))C'(X,(a,0)) = a//c(a, 0,0)11 (14) 

K'(nK'(ncc(a,0,0))(a,0,0)) = ( l - a ) A c ( a , 0 )n (15) 

Ourr next result characterizes the equilibrium contract for the outside project.22 

Lemmaa 6 (Equilibriu m contract for  the outside project) The VC sets the transfer 

paymentpayment equal to the negative of the rents that the second entrepreneur is expected to earn 

22Notee that the VC has full bargaining power in the outside project. The (negative) transfer payment 

makess the entrepreneur indifferent between participation and non-participation in the outside project. 
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inin the commercialization stage: 

T(n)T(n) = - [ oA r ( o ,0 ) / xc ( a .0 .0 )n -C (Ar ( ar 0 ) ) ] . (16) 

TheThe sharing rule a is chosen such that the second-period firm value net of all costs of 

commercializationcommercialization effort, 

A,..(a,, l)/xc(a, 0,0)n - C(A,.(a, 0)) - tf(/z,.(ft, 0,0)), (17) 

isis maximized. The corresponding first-order condition can be stated as 

d\d\cc(a,0)/da(a,0)/da _ Xc{a,0)U - K'(fir(n, 0,0)) 

~~ dfic(a,0,0)/da ~ ^ c ( a , 0 , 0 ) n - C ' ( A( : ( a , 0 ) )' 

ThatThat is, at the equilibrium sharing rule the ratio of the marginal efforts induced by a 

marginalmarginal change in a is equal to the ratio of the two agents' respective marginal (net) 

productivitiesproductivities in the commercialization stage. 

4.4.55 The Entrepreneur's Research Effort 

Forr any given contract, the entrepreneur chooses the level of research effort that maximizes 

hiss expected payoff, 

Arr [(1 -0)QAc(a ,0) /xr ( t t , ^O)n + ^ { Ö A - ( l - ö ) , t }  -C(X(:(aJ)) + T\ - C(Ar). (19) 

Consequently,, the entrepreneur's equilibrium research effort level is determined by the 

first-orderr condition 

C'(K)C'(K) - (1 - 0 )OAC(Q, 0)/xr(a, 0,0)11 + 0 {0A - (1 - 9) K} - C(A, . (Q, 0)) + T.(20) 

Moreover,, if we assume that the entrepreneur prefers the interim research result not to 

bee stolen, that is. that 

aAf;(a,, 0 K K  k o)n > e A - (1 - e) *, (21) 

thenn it follows from (20) that the entrepreneur's equilibrium research effort is strictly 

decreasingg in o. 
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4.4.66 The Equilibrium Contract Without Syndication 

Thee sharing rule a determines the effort incentives of the venture capitalist and the 

entrepreneur.. The value of the start-up firm is therefore ultimately determined by the 

sharingg rule a. The transfer payment T determines the allocation of the rents that arc 

generatedd by the start-up firm. Since the entrepreneur has all the bargaining power vis-

a-viss the VC he wil l set the transfer payment such that a VC who docs not steal the 

researchh results expects to earn zero total rents. 

Lemmaa 7 (Transfer  payment) For any given sharing rule a the transfer payment for 

thethe original project is set equal to the rents that the VC expects to earn in the commer-

cializationcialization stage if he does not steal the interim research results: 

T{a,j>)T{a,j>)  = (l-a)\c(aJ)vc(a,4>,0)n-K(iic(a,4),0)). (22) 

Theree arc at most two distinct sharing rules that the entrepreneur has to consider. 

Thee first sharing rule maximizes his expected payoff, taking the probability with which the 

VCC will steal the interim research results as given.23 The second sharing rule maximizes 

thee entrepreneur's payoff subject to the constraint that the venture capitalist holds a 

sufficientlyy large equity stake to ensure that he wil l not steal the interim research results. 

Thee former contract always exist, whereas the existence of the latter contract is not 

guaranteed. . 

Thee entrepreneur's expected payoff conditional on a successful research stage can 

bee obtained by substituting (22) into the r.h.s. of (20): 

[11 - <j>a]\ c{a,<j>)ti c(a,<j>,0)ll  + <j>[0&  - {l  -9)K] - C ( A c ( a , 0 )) - K(pc(a.0.O)) (23) 

2-JNotee that the entrepreneur's objective is not equivalent to firm value maximization. In the event of 

theft,, the entrepreneur looses only the rents that he would otherwise have earned in the commercialization 

stage.. He does not lose the rents that the VC would have earned in the commercialization stage as the 

VC'' has already compensated the entrepreneur for these rents though the cash transfer. 
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Definit io nn 1 For any 0 e [0.1) let a*(0) denote the a £ [0.1] that maximizes 

[11 - ^ ] A , ( o , 0K(f* . 0. 0)n - C(A,.(tt, 0)) - K{fxc(a, 0, ())). (24) 

LetT*(<j>)LetT*(<j>)  = T{a*{j>),<j>). 

Thee sharing rule a*(0) of Definition 1 is determined by the F.O.C. 

11 - 0tt]/*,.(a,0,O)n - C'(Af .(a,0)) 

++ [[1 - 0a]A,(o, 0)11 - K'(/ i c(a. 0.0))] ^ ^  ̂ (26) 

== ( l - 0 ) A > , 0 K ( a ; 0,0)11 (27) 

thatt must hold at a = a*(0). At 0 = 0 this F.O.C. collapses to the F.O.C. for the firm 

valuee maximizing (i.e. second-best) sharing rule in the absence of theft (18). If 0 > 0 then 

thee sharing rule a*(0) is different from the second-best sharing rule, which suggests yet 

anotherr reason why the mere possibility of theft reduces the overall value of a start-up 

firm. . 

Lemmaa 8 (Gain fro m stealing) For any 0 e (0. 1) and any a e (0.1) the venture 

capitalistscapitalists expected gain from stealing the entrepreneur's interim results after a successful 

researchresearch stage is equal to 

T(a,0)T(a,0) = A ( :(a*(0),OK.(a*(0)! 0,0)n-C(Ac( t t*(0),0))-A'(/ i ( :(Q*(0),0! 0)) (28) 

-- [(1 - a)A,.(«, 0 K K i, 0)n - KUic(a, 0, 0))] . (29) 

Thee r.h.s. of (28) is equal to the second-best firm value in the absence of theft, 

andd (29) represents the rents that the venture capitalist is expected to earn in the com-

mercializationn stage under the sharing ruk1 o. provided that he does not steal the interim 

researchh results. 
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Definit io nn 2 For any O G [0. 1) let a°(<t>) denote the a e [0. 1] that maximizes the rents 

thatthat the VC expects to earn in the commercialization stage if he does not steal the interim 

results. results. 

(11 - a)\.(a, 0 K ( « , 4>, 0)n - K(»c{a, 0,0)). (30) 

LetT°(j>)LetT°(j>) = T(a°(j>),]>). 

Thee sharing rule a°((p) of Definition 2 is the sharing rule that minimizes r ( a, 0) for 

anyy given (p e [0, 1). Thus, «"(</») is the sharing rule that minimizes the VC's incentives 

too steal the interim research results. 

Noww suppose that 7 > 0 and consider an arbitrary contract (a,T). Then the 

entrepreneur'ss belief that the VC wil l not steal the interim research results is self-fulfillin g 

iff  and only if the no-theft condition (13) of Lemma 4 holds. 

Definit io nn 3 Suppose inequality (13) is violated at a — a*(0) but satisfied at a = a°(Q). 

LetLet a'(0) e [a°(0),a*(0)) be such that (13) holds with equality. Let T'(0) = 7 \a ' (0) ,0). 

Thee sharing rule Q' (0) is the sharing rule that makes the VC just indifferent between 

stealingg and not stealing the interim results when the entrepreneur expects no theft (0 — 

0).. It follows from Lemma 3 that Q ' (0) exists whenever the assumptions of Definition 3 

arcc satisfied. 

Proposi t ionn 1 (Equilibriu m contract wi thou t syndication) There exists a unique 

equilibriumequilibrium contract that is of one of three types. 

a)a) The contract (a*(0). T*(0)) is the unique equilibrium contract if the no-theft condi-

tiontion (13) is satisfied at a = Q*(0). The VC never steals the interim research results, 

inin equilibrium. 

b)b) The contract (a*(7).T*(7)) is the unique equilibrium contract in the following cases: 
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(i)(i)  The no-theft condition (13) is violated at a — Q° (0 ). In this case there exists 

nono feasible contract that provides incentives for the VC not to steal the interim 

researchresearch results, 

(ii)(ii)  The no-theft condition (13) is violated at a — a*(0) but satisfied at a — a°(0). 

Moreover,Moreover, the inequality 

A (.(a
/(0),0)Mr(Q'(0).0.0)nn - C(A,.(«'(0),0)) K(pc{a'{0),0,Q)) < 9A - (1 - 6)K(31) 

holds,holds, or 7 is sufficiently close to zero. In these cases there exists a contract 

thatthat provides incentives for the VC not to steal the interim research results. 

However,However, providing the venture capitalist with the incentives not to steal is 

notnot rational for the entrepreneur, either because his expected payoff under this 

contractcontract is strictly smaller than his expected payoff from suing the VC if theft 

occurredoccurred (31), or because theft is sufficiently unlikely ex ante. 

InIn equilibrium, the VC steals the research results whenever the opportunity arises 

(i(i = lh 

c)c) In all other cases the unique equilibrium contract is given by the contract (a'(0), T'(0)). 

ThisThis is the case whenever there exists a contract that provides incentives for the VC 

notnot to steal the interim results, and it is more profitable for the entrepreneur to use 

thisthis contract then to risk theft. The VC never steals the interim research results, in 

equilibrium. equilibrium. 

Byy Proposition 1 wc may distinguish three types of equilibria. First, if the venture 

capitalist'ss reputational capital is large enough, and/or the expected cost from a lawsuit 

aree sufficiently high then the threat of a litigation is sufficient to deter the VC from 

stealingg the interim research results. In this case the contract wil l be the contract that (in 

thee second-best sense) maximizes the firm value in the absence of theft (Proposition l.a). 

Second,, if the VC's incentives to steal the interim results arc sufficiently strong then 

theree may exist no contract that gives the VC incentives not to steal the interim results. 
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Alternatively,, such a contract may exist, but the entrepreneur's expected payoff under 

thiss contract may be lower than under the contract that maximizes the entrepreneur's 

payofff  for a given positive probability of theft, 0 = 7 > 0 (Proposition l.b). Then the 

equilibriumm contract maximizes (in the second-best sense) the entrepreneur's payoff, but 

nott the value of the start-up firm. The value of the start-up firm is then depressed for three 

reasons.. First, the equilibrium sharing is different from the second-best sharing rule that 

maximizess the firm value in the absence of theft (cf. Lemma 6). Second, the possibility that 

theftt may occur reduces the entrepreneur's equilibrium commercialization effort, which, 

inn turn, reduces the venture capitalist's equilibrium commercialization effort. Third, the 

latterr two effects reinforce each other and reduce the entrepreneur's equilibrium research 

effort.. Finally, if the venture capitalist has some incentives to steal the interim research 

resultss but his expected net gains from doing so are only moderate then the entrepreneur 

mayy increase VC's equity stake to prevent theft (Proposition l.c). This contract reduces 

thee entrepreneur's expected payoff relative to the case of Proposition l.a) since the sharing 

rulee results in lower than optimal equilibrium effort levels of the entrepreneur. 

4.4.77 Equilibrium Contract and Effort Levels with Syndication 

Sincee the only purpose of syndication in our model is to increase the rcputational capital 

att stake it is clear that only reputable VCs wil l be invited to join a syndicate as a member. 

Lemmaa 9 (Reputat ion of syndicate member(s)) In a VC syndicate of size N, the 

syndicatesyndicate members i £ { 2 , . . . , N} are venture capitalists with good reputation: ox — 0. 

It.. is clear that there is no benefit from granting any syndicate member a com-

pensationn package in excess of his reservation compensation, S. Moreover, in order for 

syndicationn to yield any benefits it is necessary that the syndicate members have an in-

terestt in the success of the start-up firm. This is accomplished by giving each syndicate 

memberr a strictly positive fraction of the equity of the start-up firm. 
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Lemmaa 10 (Compensat ion of the syndicate member(s)) In a VC syndicate of size 

N,N, each syndicate member i £ {2.....N} receives a contract (n^.TJ), such that Q; > 0 

andand Tj = 0. Moreover, 

ai\ai\rr{a,<i>)\{a,<i>)\ cc{a,<i>)ti{a,<i>)ti rr(a,<i))n(a,<i))n = S. (32) 

HereHere <f) denotes the ex-ante probability of theft conditional on syndication. 

Whilee it is necessary to grant each syndicate member a strictly positive equity stake 

too ensure that he has an interest in the success of the start-up firm, this ownership 

structuree is not optimal with respect to the lead venture capitalist's effort incentives. 

AA lead venture capitalist who does not intend to steal the interim results therefore has 

ann incentive to privately renegotiate the contract with the other syndicate members. 

Moreover,, since theft of the interim research results reduces the other syndicate members' 

payoffs,, renegotiation is also necessary if the lead venture capitalist intends to steal the 

researchh results. 

Lemmaa 11 (Collusion among the venture capitalists) Consider a VC syndicate 

ofof size N. and let (ct.T) denote a contract that satisfies the conditions of Lemma 10. 

a)a) A lead venture capitalist who does not steal the entrepreneur's interim research re-

sultssults colludes with the syndicate members and arranges side payments such that the 

resultingresulting total payoffs are equivalent to the contract (a'.T'), where 

cl'cl' = ( l - « , 0 , . . . , 0 ), (33) 

f'f' = ( - [ r + ( A r - l ) S ] , S , . . . . 5 ). (34) 

b)b) A lead venture capitalist who steals the entrepreneur's interim research results col-

ludesludes with the syndicate members and arranges side payments such that 

T"T" > s + n (35) ) 
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forfor each syndicate member i G {2, . ., A r} . Here, T" denotes the total cash received by 

syndicatesyndicate member i, including the cash payment that he received under the original 

contractcontract with the entrepreneur. The equity stakes in the original stari-up firm become 

worthless. worthless. 

Lemmaa 11 states that the venture capitalists who form the syndicate collude and 

privatelyy rearrange the compensation structure in any case. If no theft occurs then the 

equityy ownership structure is rearranged such that the lead venture capitalist's effort 

incentivess are maximized. Just as in the original contract, each syndicate member other 

thann the lead venture capitalist receives a payoff equal to S. However, this compensation 

iss now entirely in the form of the cash payment that does not depend on the ultimate 

successs or failure of the start-up firm.24 

Iff  theft occurs then the lead venture capitalist makes side-payments to all other 

syndicatee members whose payoffs depend on the success of the original firm. This im-

pliess that theft of the research results can only happen with the consent of all syndicate 

members.. This observation has two immediate implications. First, a lawsuit by the en-

trepreneurr against one or more syndicate members wil l have the same damaging effect on 

thee reputation of all syndicate members who hold an equity stake in the start-up firm. 

Second,, in order for theft of interim research results to be ex-ante profitable it is necessary 

thatt the syndicate's aggregate gain from stealing exceeds the sum of the expected cost of 

aa lawsuit and the syndicate members1 aggregate rcputational capital. 

Inn equilibrium, the entrepreneur and the outsiders correctly infer that the lead ven-

turee capitalist wil l collude with the other syndicate members. The entrepreneur antici-

patess that the lead venture capitalist's effort incentives are determined by the syndicate's 

aggregatee equity stake, 

JV V 

11 — a — ^ c * i - (36) 

24Notee that syndication would be pointless if the entrepreneur could choose the renegotiation-proof 

contractt (ri'.T') of Lemma 11.a) ex-ante. 
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wheneverr no theft occurs. Moreover, it is clear for the outsiders that theft of the interim 

researchh results can happen only with the approval of all syndicate members.25 

Itt may be worth noting that the result that the syndicate members always renego-

tiatee the contract is an artifact of our model. In practice, giving a positive equity stake 

too all syndicate members may be optimal for other reasons. Renegotiation among the 

syndicatee members would then occur only in the event that a syndicate member intends 

too steal the interim results. 

Ourr next result states that, if syndication occurs in equilibrium, the ex-ante prob-

abilityy of theft must be equal to zero. The intuition behind this result is simple: if a 

syndicatee is not effective in precluding theft then the entrepreneur could attain the same 

resultt with a cheaper contract that involves only a single venture capitalist. 

Lemmaa 12 (Syndication precludes theft ) In the event of syndication the syndicate 

sizesize and the contract are chosen such that the ex-ante probability of theft is equal to zero 

(4>(4> = o j . 

Wee can now analyze the incentives to steal the interim research results in the case 

off  syndication. By Lemma 12, we may confine our attention to the case that the ex-ante 

probabilityy of theft is equal to zero. 

Lemmaa 13 (Sufficient syndicate size to prevent theft) Consider a syndicate of 

sizesize N > 1 and a contract that satisfies the conditions (37) and (38) in addition to the 

conditionsconditions of Lemma 10. 

aa = a*{0) (37) 

TT = T*(0) - (N - 1)5 (38) 

2,r'Thiss feature is necessary for our model to work since there would otherwise be no benefit from 

.syndication. . 
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ThenThen there exists an N* > 1 such that the syndicate will  (not) steal the interim research 

resultsresults when the opportunity arises if N < AT*  (N > N*). The values ct*(0) and !T*(0) 

areare the values that are defined in Definition 1. 

Notee that the sharing rule in Lemma 13 is the sharing rule that maximizes the firm 

valuee (in the second best, sense) in the absence of theft. 

Lemmaa 14 (Equilibriu m contract wi t h syndication) Suppose N* > 1. Then the 

followingfollowing two outcomes are possible in an equilibrium with syndication: 

a)a) The entrepreneur hires a VC syndicate of size N — N*, and the equilibrium contract 

satisfiessatisfies the conditions (37) and (38) in addition to the conditions of Lemma 10. 

b)b) The entrepreneur hires a VC syndicate of size N — N* — I, and the equilibrium 

contractcontract satisfies the conditions (39) and (40) in addition to the conditions of 

LemmaLemma 10. 

aa - a'(0), (39) 

TT = T'(0)-(N-1)S. (40) 

TheThe values a'(0) and T'(0) are the values that are defined in Definition 3. 

Byy Lemma 14 we may distinguish between two types of equilibria with syndication. 

First,, if the fee syndicate members require for their participation is sufficiently low then 

thee entrepreneur wil l hire a syndicate sufficiently large to ensure that the increase in 

thee rcputational capital involved in the venture deters the lead venture capitalist from 

stealingg the interim research results (Lemma 14.a). In this case the sharing rule wil l 

(inn the second-best sense) maximize the firm value in the absence of theft. The cash 

transferr from the VC(s) to the entrepreneur wil l be smaller than the cash transfer that 

maximizess the entrepreneur's profits in the absence of theft. The entrepreneur has to 
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givee up a part of the rents derived from the project in order to compensate the syndicate 

memberss for their participation. Note however that the lead venture capitalist wil l receive 

compensationn only for his cost of commercialization effort.26 

Second,, if the fee the syndicate members require for their participation is high, hiring 

aa syndicate whose reputational capital is sufficiently large to ensure that the threat of 

litigationn deters theft, given the firm value maximizing sharing rule, wil l be too expensive 

forr the entrepreneur. In this case, the entrepreneur engages a syndicate that is sufficiently 

largee to ensure that the threat of litigation deters theft on the condition that the lead 

venturee capitalist has an increased equity stake and therefore less incentives to steal the 

interimm research results relative to the case in Lemma 14.a). The equilibrium contract 

wil ll  make the lead VC indifferent between stealing and not stealing the interim research 

resultss in the commercialization stage. This contract reduces the entrepreneur's payoff 

relativee to the case in Lemma 14.a) because the sharing rule results in lower than optimal 

effortt levels. The employment of an additional syndicate member would however be more 

costlyy for the entrepreneur than the use of this contract. 

Basedd on Lemma 14 it is straightforward to determine a VC syndicate's gain from 

stealing. . 

Lemmaa 15 (Syndicate's gain fro m stealing) Suppose 0 — 0. Consider a VC syndi-

catecate of size N, and a contract that satisfies the conditions of Lemma 10 and Lemma 14-

ThenThen the syndicate's aggregate, net gain from stealing the entrepreneur's interim results 

afterafter a successful research stage is equal to 

r(a*(0),0),, (41) 

wherewhere T ( Q * ( 0 ) , 0) is obtained from Lemma 8. 

2f'Sincee the lead venture capitalist and the syndicate members collude in equilibrium, the contract 

definedd in (37) and (38) will be renegotiated. Given the renegotiated contract, the lead venture capitalist 

receivess no rent from the project. 
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Notee that. 

r(a*(0),0)) = a*{0)\c(a*(0),0)til..{a*(0),0,0)Tl-C(\(.{a*{0),0)) (42) 

iss equal to the rent that the entrepreneur expects to earn in the commercialization stage 

inn the absence of theft if the contract satisfies the conditions of Lemma 14. 

Thee entrepreneur's belief that a VC syndicate of size .V wil l not steal the interim 

researchh results is self-fulfilling if and only if 

r (a(0) ,0)) < u + (N- 1)H + 0 [A + K] . (43) 

AA comparison of (13) and (43) reveals that syndication reduces the incentives to 

steall  the interim research results because the increase in the reputational capital relative 

too the case of no syndication makes theft more expensive for the lead venture capitalist. 

Thee no-theft condition under syndication (43) enables us to determine the equilib-

riumm size of a syndicate for any given sharing rule a(0): 

r ( a ( 0 ) , 0 ) - u ; - g [AA  + K] 

wheree UJ refers to the reputational capital of the lead venture capitalist and (N — 1)51 

referss to the collective reputational capital of the other syndicate members. The optimal 

syndicatee size decreases in the reputation of the lead venture capitalist, the size of the 

reputationall  capital of reputable venture capitalists, and the expected costs of a lawsuit. 

Onn the other hand, the optimal size of the syndicate increases in the syndicate's potential 

gainss from stealing. If there is substantial reputation at stake related to the venture 

andd the expected costs of litigation are high, even a syndicate of small size could deter 

theft.. However, when the potential gains from stealing are large, only a large syndicate 

cann ensure that there is sufficient reputation at stake so that the entrepreneur's interim 

researchh results arc not stolen. 



1322 CHAPTER 4. RAD INCENTIVES, SYNDICATION, AND REPUTATION 

4.4.88 The Syndication Decision 

Thee entrepreneur's decision to engage a venture capital syndicate or a single venture cap-

italistt is determined by i) the reputation of the (lead) venture capitalist the entrepreneur 

contactss (LÜ), ii)  the size of the rcputational capital of reputable venture capitalists (Ü); 

Hi)Hi)  the expected costs of a lawsuit that depend on the parameters (6, A, K) ; iv) the prob-

abilityy that the venture capitalist(s) wil l have an opportunity to steal the entrepreneur's 

researchh results, or, in other words, the specificity or uniqueness of the project (7); v) and 

thee fee syndicate members require for their participation (S). 

Proposi t ionn 2 (No Syndicat ion Equilibrium ) In equilibrium the entrepreneur enters 

intointo a contract with a single venture capitalist in the following cases: 

a)a) The no-theft condition in (43) is satisfied at N = 1 and a — a*(0). In this case, 

thethe equilibrium is identical to the one described in Proposition La). 

b)b) The no-theft condition in (43) is violated at N — 1 and a = a*(0) but satisfied 

atat N — 2 and a — a*(0), and at N — 1 and a — a°(0), as well. Moreover, the 

followingfollowing condition holds. 

A r (Q ' (0) ,0) / i f . (Q ' (0) ,0 .0)n-C(Ac( f i ' (0 ) ,0) )) - A ' (Ma '<0 ) ,0 ,0 ) ) (4 5) 

>> A , ; (a * (0 ) ,OK(a* (0 ) ,0 . ( ) ) I I - C(A r (a*(0) ,0)) - K((ir(a*(0),(),())) - S (46) 

InIn this case the optimal syndicate size is N* — 2. Hiring a syndicate is however 

notnot rational for the entrepreneur because the fee a reputable syndicate member re-

quiresquires is too high. The equilibrium in this case is identical to the one described in 

PropositionProposition l.c). 

c)c) The no-theft condition in (43) is violated at N = 1 and a — a*(0) but satisfied at 

NN = N* and a — a*(0), and at N = N* — 1 and a = nr"(0), as well. Moreover, 

eithereither both (47) and (48) hold, or 7 is sufficiently close to zero. 

A, . ( r t ' (0 ) .Ü) / / r (a ' (Ü) .0 ,0 )n -C(Ar (a ' ( ( ) ) ,ü ) ) -- A ' ( / i ,V (0 ) , 0J ) ) ) - (N* - 2 ) 5 < 0 A - (1 - 0)K (47) 

A r . (a '(0j .ü)/ j , (a*(Ü).0.O) nn - C(A r (a*(0). OJ) - A'(// r (a*(()j.0 . ())) - ( .V - 1)5 < 0A - (1 -0)K (48) 
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InIn these cases, living a syndicate is not rational for the entrepreneur either because 

InsIns expected payoff under syndication is strictly smaller than his expected payoff 

fromfrom suing the VC if theft occurred (47-48), or because theft is sufficiently unlikely 

ex-ante.ex-ante. In this case, the equilibrium contract is identical to the one, described in 

PropositionProposition l.b). 

Byy Proposition 2, wc may distinguish three types of equilibria in which the entre-

preneurr uses a single venture capitalist because engaging a venture capital syndicate is 

eitherr not necessary or not rational. First, if the (lead) venture capitalist's reputational 

capitall  and/or the expected costs of a lawsuit are sufficiently high then the threat of 

litigationn wil l deter the VC from stealing the interim research results. In this case, there 

iss no need for syndication. The entrepreneur offers the contract that (in the second-best 

sense)) maximizes the firm value in the absence of threat (Proposition 2.a). Second, if the 

(lead)) venture capitalist's incentives to steal arc sufficiently strong but deterring stealing 

byy raising reputational capital, by the means of syndication, is too expensive then hiring a 

syndicatee is not rational for the entrepreneur (Proposition 2.b). In this case, the entrepre-

neurr provides the VC with incentives not to steal by increasing his equity stake. Finally, if 

hiringg a syndicate whose reputational capital is large enough to ensure that the threat of 

litigationn deters theft provides the entrepreneur lower expected payoff than the expected 

litigationn benefits or the contract that maximizes his payoff for a given positive probabil-

ityy of theft, then it wil l not be rational for the entrepreneur to employ a venture capital 

syndicatee cither (Proposition 2.c). In this case, the equilibrium contract maximizes (in 

thee second-best sense) the entrepreneur's payoff, but not the value of the start-up firm. 

Exceptt for the three special cases described above, in equilibrium the entrepreneur hires 

aa venture capital syndicate. 

Proposi t ionn 3 (Syndicat ion in Equil ibrium ) Assume that the no-theft condition in (43) 

isis violated at N — 1 and a — «*(0) but satisfied at N — N* and a — a*(0). and at 

NN — N* — 1 and a — a°(0), as well. Moreover, neither (47) nor (48) holds. If 7 is suffi-

cientlyciently above zero, then there exists a unique equilibrium such that the entrepreneur enters 
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intointo a contract with a venture capital syndicate. The equilibrium is one of the following 

twotwo types: 

a)a) If condition (45)-(46) does not hold, the entrepreneur hires a syndicate of the optimal 

sizesize N*. The equilibrium contract is described in Lemma 14-a). 

b)b) If condition (45)-(46) holds, the entrepreneur hires a syndicate of size N* — 1. The 

equilibriumequilibrium contract is described in Lemma 14-b). 

TheThe syndicate never steals the entrepreneur's interim research results in equilibrium. 

Inn other words, two types of equilibria with syndication may arise. If the fee syndi-

catee members require for their participation is sufficiently low then the entrepreneur uses 

aa syndicate of the optimal size (Proposition 3.a). In this case the reputational capital of 

thee syndicate is large enough to ensure that the threat of litigation deters the theft of 

interimm research results given the sharing rule that maximizes (in the second-best sense) 

thee firm value in the absence of theft. If the fee syndicate members require for their 

participationn is not sufficiently low then the entrepreneur hires a syndicate that is smaller 

thann the optimal syndicate size (Proposition 3.b). In this case, the reputational capital 

off  the syndicate is large enough to ensure that the threat of litigation deters theft on the 

conditionn that the entrepreneur increases the lead VC's equity stake relative to the case in 

Propositionn 3.a). The equilibrium sharing rule wil l make the lead VC indifferent between 

stealingg and not stealing the interim research results, given the entrepreneur expects no 

theft.. Since this sharing rule results in lower than optimal equilibrium effort levels of the 

entrepreneur,, the entrepreneur's expected payoff wil l be reduced relative to the case in 

Propositionn 3.a). 
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4.55 Empirical Implications 

Thee model provides a number of testable implications. The most relevant insight that 

hass not been considered yet in the empirical literature is that investment syndication 

enhancess innovation. 

Implicatio nn 1 Syndicated investments are more likely to generate innovation than in-

vestmentsvestments by stand-alone venture capitalists. 

Thiss prediction arises from the model for the following reason. Given the possibility 

forr litigation, syndication with good reputation venture capitalists increases the reputation 

att stake in any given venture. It may therefore serve as a commitment mechanism for the 

leadd venture capitalist not to expropriate the entrepreneur at the interim stage. Given the 

leadd VC's commitment, the entrepreneur exerts more research (and commercialization) 

effortt and thereby enhances the chance for generating research results. To the best of our 

knowledge,, no other theories consider the effect of syndication on R&D incentives and 

innovation. . 

Industryy level evidence on the positive impact of venture capital financing on inno-

vationn - measured by the number of patents - is provided in Kortum and Lerncr (2000). 

Implicationn 1 suggests that this positive effect may be due to the syndication of venture 

capitall  investments. The model implies that, for reasons related to investors' reputation, 

venturee capital can provide greater protection for unpatented intellectual property such 

ass interim research in high-technology sectors than other methods of R&D financing. 

AA second implication of the model concerns the relation between the characteristics 

off  an investment project and the likelihood of syndication. 

Implicat io nn 2 Syndication is more likely at ventures engaging in fundamental research 

thanthan at ventures developing products or technologies for specific use. 
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Implicationn 2 follows from the fact that fundamental research27 allows venture capi-

talistss to find alternative uses of research results more easily than specific research and thus 

makess expropriation of entrepreneurs more likely from an ex-ante perspective. Syndication 

cann serve as a means of alleviating the threat of expropriation. Therefore, entrepreneurs 

conductingg general research wil l be more likely to favor syndication. 

Wee are not aware of other theories that have predictions concerning the relationship 

betweenn project characteristics and investment syndication. The available evidence is 

howeverr indicative: By grave (1987) finds that high-tech investments are more often syn-

dicatedd than investments in more traditional industries. To the extent that investment 

inn high technology sectors requires more fundamental research, this finding supports our 

theory.28 8 

Focusingg on the financing of research intensive projects, the model provides a ra-

tionalee for the syndication of early stage investments. Concerning the composition of 

syndicates,, it implies that only high reputation venture capitalists are invited to partici-

patee as non-lead venture capitalists. 

Implicatio nn 3 At early stages, only high reputation venture capitalists are involved as 

syndicationsyndication partners. 

Implicationn 3 arises from the fact that the use of syndication in our model is to 

increasee the reputation at stake in a given deal and thereby induce the lead venture 

capitalistt to refrain from the entrepreneur's expropriation at the interim stage. The 

participationn of a bad reputation venture capitalist does not affect the total reputation 

involvedd in the venture: only good reputation investors can add value. 

27Withh 'fundamental research' we mean that the interim research results have several alternative ap-

plications:: they may be developed into a number of different commercial products. 
2MThee finding in Bygrave (1987) can also be due to the risk-sharing motive behind syndication. Im-

plicationn 2 suggests however that there may exist a more subtle reason for the frequent syndication of 

high-techh investments, namely that technology investments are aimed at fundamental research. 
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Inn the current context, reputation refers to the entrepreneur's belief concerning the 

VC'ss attitude towards expropriation. Reputation may be correlated with the size and 

experiencee of venture capital organizations: older and more experienced VCs must have 

moree to loose in a court-case and, therefore, less incentives to steal. To the extent that 

reputationn is correlated with VC experience. Implication 3 is in line with the predictions 

fromm Casamatta and Haritchabalet (2003) suggesting that experienced venture capitalists 

wil ll  syndicate with other experienced venture capitalists and that less experienced venture 

capitalistss wil l syndicate more often. Moreover, it is supported by the empirical finding 

inn Lerner (1994) that large and established venture capitalists arc unwilling to invest with 

smalll  and young venture capitalists at early stages. Overall, the model is also consistent 

withh the finding in Lockett and Wright (1999) that reputation has a role in partner 

selectionn by venture capitalists. 

Concerningg the size of venture capital syndicates our theory implies that more rep-

utablee venture capitalists wil l form smaller syndicates. 

Implicatio nn 4 The more reputable the venture capitalists involved in the project are, the 

smallersmaller the size of the syndicate. 

Inn our model litigation by the entrepreneur destroys the VCs' reputation with prob-

abilityy one. For each syndicate member, therefore, joining a syndicate implies putting 

rcputationall  capital at stake. Since it is the VCs' concern for reputation that deters theft, 

equilibriumm syndicate size wil l be a function of the rcputational capital of both the lead 

venturee capitalist and the potential syndicate members. The higher the reputation of the 

leadd VC for a given project, the lower the number of syndicating partners the entrepreneur 

needss to involve in order to eliminate the possibility that the interim research results may 

bee stolen. Also, when syndicating partners have substantial rcputational capital to put 

att stake, a smaller syndicate is sufficient to deter theft. 

Iff  VCs' reputation is related to professional experience. Implication 4 is essentially 

consistentt with the implication of Casamatta and Haritchabalet (2003) that highly expe-
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ricnccdd venture capitalists prefer not to syndicate. The primary difference (besides the 

differentt motives for syndication in the two papers) is that the current model accounts for 

thee involvement of more than one syndicating partners and thus larger size syndicates. 

4.66 Conclusion 

Thiss paper argues that, in the context of R&D financing, increasing investor reputation 

byy the means of syndication may solve the incentive problem arising from the threat of 

ideaa stealing and expropriation of interim - thus non-patentable - research results. We 

claimm that since venture capitalists loose reputation when entrepreneurs litigate following 

expropriation,, syndication implies an increase in the reputation at stake in start-up firms. 

Givenn the possible loss of reputation, syndication induces venture capitalists to refrain 

fromm idea stealing and thereby enhances entrepreneurial incentives for R&D. 

Comparedd to earlier contributions, our theory is novel in three particular aspects. 

First,, it does not exclude the potential verifiability of interim research results: the model 

allowss for litigation aimed at protecting unpatentable intellectual property. The approach 

takenn does not however require the complete verifiability of knowledge either and is there-

foree in line with earlier theories of R&D financing: it claims intellectual property can be 

consideredd as potentially verifiable in court. 

Second,, our theory takes into account that knowledge expropriation may prevent 

efficientt R&D for reasons other than the resulting competition in the output market. 

Focusingg on venture capital and thus assuming that the financier's contribution in a 

late,, commercialization stage is necessary for project success, we argue that knowledge 

spilloverr is inefficient because it directs the attention of the active financier towards out-

sidee applications of the innovating entrepreneur's interim results. Similar to the impact 

off  the potential output market competition, this expectation negatively affects the entre-

preneur'ss incentive's for research, the probability of invention, and thus the value of the 
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firm. firm. 

Third,, in contrast to earlier contributions that looked at syndication exclusively from 

thee investors' point of view, our model takes into account the entrepreneur's perspective 

ass well. Although we allow that syndication is initiated by the lead venture capitalist, we 

pointt out its beneficial effect on the incentives of both contracting parties, but especially 

onn the welfare of the entrepreneur. We argue that syndication can be a way to preserve 

thee value of innovation and, therefore, entrepreneurial incentives for research. 

Ourr model may not focus on the most obvious motive for syndication in the venture 

capitall  industry, such as risk-sharing. We believe however that pointing out the incen-

tivee effect of reputation in increasing investors' commitment to R&D. it provides a new 

rationalee for syndication at early-stage investments, which has previously been neglected 

inn both the R&D and the venture capital literature. 
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4AA Appendix 

Prooff  of Lemma 1: The entrepreneur chooses his commercialization effort to maximize 

( 1 - 0 ) 0 * ^ ( 0 , 0 , 0 ) 111 - C(AC), (49) 

wheree /f c(o,0,0) denotes the entrepreneur's belief with respect to the VC's equilibrium 

effortt in the event that the interim research results do not get stolen. By assumption, 

thee VC exerts zero effort on the original project whenever he decides to steal the interim 

results.. Otherwise, he chooses his commercialization effort to maximize 

( l - o ) A , ( a , 0 Knn - K(pc), (50) 

wheree Ac(a, 0) denotes the VC's belief with respect to the entrepreneur's equilibrium 

effort.. Differentiating (49) w.r.t. Af;, and substituting /} c(o,0,0) — }ic(a, 0, 0) yields (10). 

Similarly.. (11) is obtained from the above assumption, and by differentiating (50) w.r.t. 

jj,jj, cc,, and by substituting AC(Q, 0) = A^o, 0). o 

Prooff  of Lemma 2: Totally differentiating the F.O.C.s (10) and (11) with 0 held 

constantt yields (51) and (52). 

C"(XC"(Xrr(a,(p))dX(a,(p))dXcc = (1 - 0 K ( a . 0 . O ) n do + ( l - 0 ) a n c ? / ic (51) 

K"{fMK"{fM cc(a,^>,l))dn(a,^>,l))dnrr = - A r ( a , 0 ) n do + ( l - a ) I I d A c (52) 

Wee can see from (51) and (52) that Xc is increasing in o and fj..,.. whereas JJLC is increasing 

inn A,, but decreasing in a. This implies parts b) and d) of Lemma 2. For a -» 0. (52) 

approaches s 

^ " ( ^ ( 0 , 0 , 1 ) ) ^'' = -K.(<*,  4>)n da + II d\c, (53) 

wheree A r(a. <p) ~ 0. For o sufficiently close to zero, the total effect of marginal change in 

aa on jic must therefore have the same sign as the effect, of a marginal change in a on Ar 

(i.e.. positive). This establishes part a). For o —>  1. (51) approaches 

C"(A f.(o,0))fiArr - (1 -(p)fic{a,0. i)Tida + 0Ud  ̂ (54) 
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wheree (ic(a, (1 - 0), 1) % 0. For a sufficiently close to one, the total effect of marginal 

changee in a on A must therefore have the same sign as the effect of a marginal change 

inn a on ;/,. (i.e. negative). This establishes part c) of Lemma 2. Part, c) is obvious by 

inspectionn of (10) and (11). o 

Prooff  of Lemma 3: The rents that the VC expects to earn from the outside project 

inn the event of theft do not depend on 0. The VC*s expected gross gain from stealing is 

thereforee equal to the difference between a constant (i.e. a term that docs not depend on 

0).. and the rents that he expects to earn in the commercialization stage of the original 

projectt if he docs not steal the research results, 

(11 - a)A,.(a, 0 K ( a, 0,0)11 - AT(/zc(a, 0,0)). (55) 

Lemmaa 3 follows from Lemma 2.c), and from the continuity of A C(Q, 0) and fj,c(a, 0,0) in 

0.. O 

Prooff  of Lemma 4: Assume the entrepreneur enters into a contract with a venture 

capitalistt with reputational capital UJ. For any equilibrium candidate sharing rule a 6 

(0,1),, the entrepreneur's belief w.r.t. the ex-ante probability of theft is given by 

ff  0 if r ( a .0) < UJ + 9[A + K], 
00 = < (56) 

II  7 otherwise. 

Consequently,, for any equilibrium candidate sharing rule a G (0,1), equilibrium beliefs 

cann be of two types: 

a)) If r ( a, 0) < UJ + 6 [A + K] then 0 = 0. Given the sharing rule a and the entre-

preneur'ss belief that theft wil l not occur, the expected gains from stealing are too 

smalll  relative to the sum of the VC"s reputational capital and the expected costs of 

aa lawsuit. Since the VC has no interests in stealing the research results, equilibrium 

beliefss of the entrepreneur are self-fulfilling: theft wil l not occur in equilibrium. 

b)) If UJ + $ [A + K] < r(a. 0) then è — 7- Given the sharing rule a and the entrepre-

neur'ss belief that theft wil l not occur, the expected gains from stealing exceed the 
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summ of the VC's reputational capital and the expected costs of a lawsuit. Conse-

quently,, the entrepreneur believes that the VC will steal the research results if he 

hass an opportunity. Moreover, equilibrium beliefs arc self-fulfilling: the VC steals 

thee research results whenever the opportunity arises, o 

Prooff  of Lemma 5: Lemma 5 follows from Lemma 4 and Lemma 2.c). Consider an 

equilibriumm candidate sharing rule a £ (0. 1). According to Lemma 4. if. given this shar-

ingg rule, the no-theft condition in (13) is satisfied, the ex-ante probability of theft <ƒ> equals 

too 0. If (13) is not satisfied. <f>  = 7 > 0. Lemma 2.c) states that the equilibrium com-

mercializationn effort levels \c(a,4>) and /z(.(a,0, 0) arc decreasing in 4>. Consequently, the 

equilibriumm commercialization effort levels are strictly greater when the no-theft condition 

iss satisfied than otherwise, o 

Prooff  of Lemma 6: The first result of Lemma 6 is straightforward. The proof is therefore 

omitted.. Substituting the expression for T(a) in (16) into the venture capitalist's objective 

functionn in the outside project that is 

(11 - a)At.(c*,0)Aic(a, 0,0)11 - / f( / j c(a,0,0)) - T(a), (57) 

wee obtain (17). Totally differentiating (17) w.r.t. a gives the first-order condition: 

M a ,, 0, 0)n - C'iKXa, 0))] ^ Q ; Q ) + [Ac(«, 0)11 - K'(fic(a, 0,0))] ^ c ( ° ' ° ' % 8) 

-- 0. (59) 

(18)) can be obtained from rearranging equation (58)-(59). o 

Prooff  of Lemma 7: The result in Lemma 7 is straightforward. The proof is therefore 

omitted. . 

Prooff  of Lemma 8: Given any sharing rule a and belief concerning the probability 

off  theft o. the venture capitalist's gross gain from stealing the research results can be 

writtenn as the sum of two terms. The first term is the VC's expected payoff from the 
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outsidee project (57). (57) is equivalent to the r.h.s of (28). The second term, (29), is the 

negativee of the rent the venture capitalist is expected to earn in the commercialization 

stagee of the original project, o 

Prooff  of Proposi t ion 1: 

a)) If (13) is satisfied at a — a*(0) then the VC wil l not steal the interim research 

resultss even if the contract maximizes the entrepreneur's expected payoff. Therefore, 

thee entrepreneur offers the profit-maximizing contract (a*(0), 7"*(0)). The VC's 

equilibriumm strategy is not to steal the interim research results. 

b)) i) If (13) is violated at a = a°(0) then there exists no feasible contract that pro-

videss sufficient incentives for the VC not to steal the interim research results. 

Consequently,, the VC steals the interim research results whenever the oppor-

tunityy arises, i.e. with ex-ante probability 0 — 7. Taking this into account, 

thee entrepreneur's optimal strategy is to offer the contract that maximizes his 

profitss given the belief (j>\  (a*(7), T*{^)). 

ii )) If (13) is violated at a — o*(0) but satisfied at a — Q°(0), then a contract 

thatt provides sufficient incentives for the VC not to steal the interim research 

resultss exists. This contract is represented by the sharing rule and the transfer 

paymentt (a'(0). T'(0)). Assume now that 7 —» 0. The entrepreneur's expected 

payofff  under the contract (a'(0),T'(0)) is 

A c(a'(0),, O K V ( O ) , 0,0)11 - C ( A C ( Q ' ( 0 ), 0)) - K(nc(ct'(0), 0,0)). (60) 

Underr the contract (a*(j), T*(7)) the entrepreneur's expected payoff is 

[11 - 7«*(7)]A c(a*(U 7K(<**(7) , 7,0)11 + 7[0A - f 1 - B)K] (61) 

-- C ( A r ( a * ( 7 ) ! 7 ) ) - A ' W a * ( 7 ) . 7! 0 ) ). (62) 

Takingg the limi t 7 -» 0 reduces (61) (62) to (63). 

A f i (a*(0).0K.(a"(0);0,0)n-C(Ac(Q*(0),ü))-Jf t : (^(Q*(0) ! 0,0))(63) ) 
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(63)) is the maximum of the second-period firm value. By definition, the expres-

sionn in (63) is greater than the expression in (60). When 7 —> 0. consequently, 

itt is not rational for the entrepreneur to provide the VC incentives not to 

steall  the research results, by offering the contract (a'(O).T'(O)). Furthermore, 

iff  the inequality in (31) is satisfied, i.e. the entrepreneur's expected payoff 

iss strictly smaller under the contract (a'(Q):T'(0)). than under the contract 

(a*(7),T*(7)).. it is not rational cither for the entrepreneur to provide incen-

tivess for the VC not to steal the interim research results. In both cases, the 

entrepreneur'ss equilibrium strategy is to offer the contract (a*(^).T*(^)) and 

thee VC's best response is to steal the research results whenever the opportunity 

arises. . 

c)) Assume that (13) is violated at a — c**(0) but. satisfied at a = a"(0). Moreover, 

assumee that the inequality 

Ac(Q'(0),0)Aic(a'(0),0,0)n-C(Ac(a'(0),0))-JftT(Ai fJ(a
/(0),0,0))) > 0A - (1 - 6)K (64) 

iss satisfied and 7 is sufficiently away from zero. The entrepreneur's expected payoff 

underr the contract (a*(7), T*(1)) is given by (61)-(62). Taking the limi t 7 —>  1 

reducess (61)-(62) to (65). 

0 A - ( 1 - 0 ) KK (65) 

Consequently,, when 7 is sufficiently away from zero, the contract (Q*(Ü) . T*(0)) 

providess the entrepreneur a lower expected payoff than the contract (a'(0), T"(0)). 

Itt is therefore optimal for the entrepreneur to offer the contract (Q ' (0 ). T'(0)) and 

therebyy provide incentives for the VC not to steal the interim research results, o 

Prooff  of Lemma 9: The purpose of syndication in our model is to decrease the cx-ante 

probabilityy of theft 4> defined in (13). 0 decreases when the participation of a syndicate 

memberr cither increases the total reputation involved in the venture or decreases the 

syndicate'ss gains from theft. Obviously, the participation of a bad reputation venture 
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capitalistt wil l not increase the total reputation of the syndicate. It wil l not affect the gains 

fromm theft cither, for the following reason. The potential gain from theft may decrease 

iff  the entrepreneur is willin g to give up sonic of his rents from the original project to 

compensatee a syndicate member for his participation. Since a bad reputation VC has 

noo rcputational capital to put at stake in the venture, the entrepreneur wil l provide no 

compensationn for his participation. The involvement of a bad reputation VC wil l thus 

nott affect (p. Consequently, only good reputation venture capitalists wil l be involved as 

syndicatee members, o 

Prooff  of Lemma 10: Lemma 10 follows from the fact that syndicate members require 

aa positive rent for their participation in the project. For syndicate members exert no 

commercializationn effort, T% = 0 for i = 2,3, . . ., N. Syndicate members receive compensa-

tionn for their participation in the form of an equity stake. Since the entrepreneur has full 

bargainingg power, no syndicate member can derive a rent higher than S. o 

Prooff  of Lemma 11: Consider a VC syndicate of size N > 1. 

a)) The expected payoff of the lead venture capitalist who docs not intend to steal the 

entrepreneur'ss interim research results is 

« iA r (a ,0)K(a,, 0)/if.(a.0)11 - K(nc) - T. (66) 

Givenn (1) and (32), the expression in (66) can be rearranged to 

(11 - a)Ar (a.0)Ac(a.0) / i , (a.0)n - K(fic) -T-(N - 1)5. (67) 

Consequently,, in the event of no theft, the original contract (a,T) and the rene-

gotiatedd contract (a'. T') defined in (33)-(34) provide the same expected payoff for 

thee lead venture capitalist. However, since 1 — a > a1; the lead VC's incentives 

too exert commercialization effort arc higher under the renegotiated contract («'. T') 

thann under the original contract (a.T). In order to maximize his second period 

returns,, the lead venture capitalist renegotiates the original contract. 
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b)) If theft occurs, shares in the original firm become worthless. A lead venture capitalist 

whoo intends to steal the entrepreneur's interim research results has to compensate 

eachh syndicate member for the loss of her payoff from the original project S and for 

thee loss of her reputational capital Q. o 

P rooff  of L e m ma 12: The proof is by contradiction. Suppose that, despite syndication, 

thee ex-ante probability of theft is equal to <p > 0. Then the entrepreneur could induce the 

samee ex-ante probability of theft and the same equilibrium effort levels with a contract 

thatt involves only the lead venture capitalist. Moreover, the latter contract would be 

cheaperr than the contract with the VC syndicate. It follows that, whenever syndication 

occurss in equilibrium, syndicate size and contract wil l be chosen such that the ex-ante 

probabilityy of theft is equal to zero, o 

Prooff  of L e m ma 13: Consider a VC syndicate of size TV > 1 and a contract that 

satisfiess (37) and (38). Given the renegotiated contract (a',f'), the expected payoff of 

thee syndicate on the condition of a successful research stage and no theft is 

(11 - Q*(0))Ac(Q*(0),0)/ic(ft*(0),0,0)n - K{pc{a*{0)))  - 7~(0) + (TV - 1)S. (68) 

Thee expected payoff of the syndicate when stealing occurs is 

A c ( a * ( 0 ) . 0 ) / /c ( a ' ( 0 ): 0 . 0 ) n - % ( Qi ( 0 ) ) ) ^ ( \ K ( 0 ) ) ) - r ( 0)) + (N- 1)5 (69) 

-- UJ - (TV - l)f i - 6 [A + re] , (70) 

wheree UJ refers to the reputational capital of the lead venture capitalist and (TV - l)il 

referss to the collective reputational capital of the other syndicate members. The lead VC 

wil ll  steal the interim research results if the syndicate's gains from stealing exceed the sum 

off  the expected costs of a lawsuit and the loss of the syndicate's reputational capital: 

r V ( 0 ) , 0)) > 6[A + K]+UJ + (N- 1)0, (71) 

wheree i> * (0 ) ,0) - a*(0)At.(a*(0), 0)/xc(a*(0), 0.0)11 - C(A,(a*(0))). Since (TV - 1)H is 

increasingg in N. there exists an A**  > N such that inequality (71) docs not hold and 

thereforee the syndicate wil l not steal the interim research results, o 
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Prooff  of L e m ma 14: Suppose Ar*  > 1. The entrepreneur may choose between two 

contractingg possibilities. First, he may enter into a contract with a syndicate of size JV* 

offeringg the sharing rule and transfer payment that maximize his profits {Q*(0) . {T*(0) — 

(Ar**  — 1)5)}, where a*(0) and T*(0) are defined in Definition 1. For the transfer payment 

too be received by the entrepreneur decreases in the size of the syndicate, hiring a large 

syndicatee is costly. Therefore, the entrepreneur may consider to use a syndicate of size 

N*N* — 1. by offering the contract that provides the VC(s) sufficient incentives not to steal 

thee interim research results: {a'(0), (T'(0) - {N* - 2)S)}, where a'(0) and T'(0) are 

definedd in Definition 3. The entrepreneur wil l choose to engage a syndicate of size N* if 

thatt provides him a higher expected payoff than engaging a syndicate of size N* — 1, that 

iss if 

a*(0)Ar(a*(0),0)/xc(a*(0),0,0)nn - C(Af;(a*(0), 0)) + T*{0) - (N* - 1)S (72) 

>> a'(0)A,.(a'(0), 0)/ic(a'(0), 0,0)11 - C(A,(ct'(0), 0)) + T'(0) - {N* - 2)S. (73) 

Inequalityy (72)-(73) is equivalent to the condition 

A f.(a*(0),, 0)^(a*(0), 0,0)IT - C(Ac(a*(0), 0)) - tf(/i,.(a*(0), 0,0)) (74) 

>> A c(a ' (0) ,0K(a ' (0) ,0 ,0)n - C(Ac(a'(0),0)) - K(n(:(a'{0),0,0)) + S. (75) 

Therefore,, it depends on the size of the rent required by the additional syndicate member 

SS whether the entrepreneur contracts a syndicate of size N* or of size N* — 1. o 

P rooff  of L e m ma 15: Lemma 15 follows from the proof of Lemma 13. o 

Prooff  of P ropos i t i on 2: 

a)) It follows from Proposition l.a) that if the no-theft condition in (43) is satisfied at 

TVV — 1 and a — a*(0), then it is not necessary for the entrepreneur to engage a 

syndicatee in order to ensure that theft of the interim research results wil l not occur. 

b)) Assume that the not heft condition in (43) is violated at Ar = 1 and a = a*(0) 

butt satisfied at A' = 2 and a = a*(0). and at A' = 1 and a — a"(0). as well. 
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Inn this case, the optimal size of the syndicate that ensures that the lead VC wil l 

nott steal the interim research results is N* — 2. Condition (45-46) implies that 

deterringg theft by offering the contract (et'(O), JT'(O)) to a single venture capitalist 

providess the entrepreneur a higher expected payoff than hiring a syndicate of size 2. 

Consequently,, given condition (45-46) holds, it is not rational for the entrepreneur 

too engage a VC syndicate. 

c)) Assume that the no-theft condition in (43) is violated at N — 1 and a = a*(0) but 

itt is satisfied at N = N* and a — a*(0). and at N — N' — 1 and a = a°(0), as 

well.. Moreover, assume that 7 —> 0. It follows from the proof of Proposition Lb) 

andd the assumption that S > 0 that the entrepreneur obtains a higher expected 

payofff  by offering the contract (a*(7), T*(7)) to a single venture capitalist than by 

usingg a venture capital syndicate of size N* (of size N* — I) and using the contract 

(Q*(0) ,, (T*(0) - {N*  - 1)5)) (the contract (a'(0),(T'(0) - (N* - 2)S)). In other 

words,, given that the probability of an opportunity for stealing to arise is sufficiently 

smalll  and syndication is costly, the entrepreneur has a higher expected payoff when 

hee lets the VC steal the interim research results whenever an opportunity arises, 

thann when he hires a syndicate in order to deter theft. Consequently, when 7 —> 0, 

i tt is not rational for the entrepreneur to hire a syndicate. Furthermore, if both (47) 

andd (48) hold, hiring a syndicate is not rational for the entrepreneur either because 

hiss expected payoff under syndication is strictly smaller than his expected payoff 

fromm suing the VC if theft occurred, o 

Prooff  of Proposi t ion 3: The results follow from Lemma 13 and 14, given that 

a)) the no-theft condition in (43) is violated at. N — 1 and a — a*(0) but satisfied at 

NN - .V*  and a = a*(0), and at A" = A'*  - 1 and a = a"(0). 

b)) neither (47) nor (48) holds. 

c)) and 7 is sufficiently above1 zero, o 


