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This paper examines the econonmcentivesfor users,asopposedto
independentmanufacturers,to develop innovationsto satisfy their needs.
While the previous literature on user-basedinnovation has focussed on
exogenous factors that mightake usersmore productivein innovationthan
manufacturers, here we model an endogersmusceof distinction. We focus
explicitty on how the economic rewardsfrom innovation are divided up
between manufacturer and user. This division is affected both by the
willingness and ability of manufacturers to engage in research themseliges. It
alsoinfluence by the overall commercialisatiorprospectsfor the innovation.
In a basecase,we demonstratethat an individual user will have a greater
incentiveto undertakeinnovative activity than a manufacturer.Moreover, in
that case,usershavean incentiveto help manufacturerdnnovatebut not the
other way around. In contrast, as the number of potential users expands,
manufacturer’'sincentivesrise by more than that of any individual user.
Indeed, when there is a large number of users,both the manufacturerand
users have incentives twelp eachother generatesuccessfuinnovations.This
suggestsan incentive-driven motivation behind manufacturers equipping
‘lead’ users with a greater ability to innovate.
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When studying the sourcesof innovation, economistsusually begin with the
assumptiorthat producersor manufacturergieneratannovationsthat are thendiffused to
others. They focus on what type of firms generate innovatibatss, large versussmall,
incumbentversusentrant,independentesearchersr integratedwith manufacturing. In
contrastresearcherg technologicakchangehave demonstratedhat assumingthat firms
arethe sourceof innovationsis very limiting. For manyinnovations,inventorsare more
appropriately characterised @&rs or consumersatherthan manufacturers (von Hippel,
1988). Thatis, usersareagentswho do not simply aim to appropriatereturnsfrom their
innovativeactivity by commercialisingnnovationsin the marketplacewhereashis is the
only outlet for manufacturers who have no intrinsic use of the innovation per se.

The purpose of this papertis apply economicanalysisto the questionof whether
manufactureror usersare likely to be innovators. In so doing, we will examinethe
incentives of each to engage in purposeful innovative activity in an enviromhergeach
recogniseghe existenceof the other. Manufacturersrecognisethat they wish to sell
innovations to users whihemselvesre engagedn innovativeactivity that, if successful,
will generatesubstitute products. Users recognisethat manufacturers’products are
substitutego their own but, moreover their own innovationcould be potentially licensed
to and commercialisedoy manufacturers. Therefore,users can potentially appropriate
market returns from their own innovations by working with manufacturers.

This economicperspectivewe believe,addsto our overall understandingf the
phenomenon of user-based innovatidite hopeto explainwhy user-basedhnovationis
importantbecauseof the differing characteristicof usersas opposedto manufacturers.
Initial research into user-based innovation did ndake this approach. Instead,a general
approach taliffering incentiveswas undertaken.Von Hippel (1988) identified four main
criterion that would determine these incentives:

* Relative ability to establish monopoly control;

» Relative innovation-related output;



» Relative amount of displaced sales;

» Relative costs of innovating.

Eachof thesehasa potentialinfluenceof innovationincentives. They relateto common
economicvariables. First, the notion that monopoly control is important in capturing
innovation rents has been at the centre of economic analysesof innovation since
Schumpeter. Second,the conceptof innovation-relatedoutput relatesto whether the
product of innovation is specifio a particularuseror capableof being marketedto many
users. Finallythe problemof displacedsalesrelatesto the so-called‘replacement’effect
identified by Arrow (1962); that an innovation may cannabilise existg®ets. While each
of theseis critical to whetheran agentwould have relatively high innovationincentives,
both users and manufactureauld haverelatively high incentiveson the basisof eachof
these. This criterion, while useful in establishingithportanceof user-basedhnovation,
did not identify what it was about the economic characteristicsof users that would
determine their innovation incentives.

More recentresearchinto user-basednnovation has attemptedto explain cross-
sectionalvariation in the sourcesof innovation by identifying unique characteristicsof
usersasopposedio manufacturers.Von Hippel (1994) arguesthat only userspossess
critical information that is required to solve innovatjgmoblems. This informationtransits
betweenusersand manufacturerswith difficulty -- thatis, informationis “sticky.” As
such, when theptionsfor transferringuser-informatiorare particularly costly, userswill
have relatively lower costs in innovating and the problem for manufactarergncourage
this. So the actual division of innovative labour is drilbgra tensionbetweenthe needto

utilise “sticky” user-information with the technical capabilities of manufacturers.

! Contrast this with economic research into the differences between incumbents and eftiargralysis
centered on the unique characteristics of incumbents as opposed to entrants. For imstemicentscould
preservemonopoly power by innovatingwhile entrantscould at best hope for a duopoly or a licensing
outcome. Incumbents would be concerned about their preiioumbentassetsvhereasentrants without
such assets by definition, would be not be concerned with cannabilisation.



In this paper, we wish to considan alternativeapproacho explainingthe relative
innovationincentivesof usersand manufacturers. This will be basedon the trading
relationship betweenusers and manufacturers. Users are the potential customersof
manufacturersvhereasmanufacturersnay purchasannovationsfrom users. This means
that both usersand manufacturergotentially can substitutetradefor their own innovative
activity. This, in turn, will influencetheir overall and relative incentivesto engagein
innovative activity.

In the next sectionof the paperwe outline our basicmodel of innovationand the
value that can be derived from innovative activity. Sediidhenanalysedhe simple case
of the interactionbetweena single userand manufacturer. Therewe show that becausea
user ultimately derives value from an innovation, it has a greater relative incerdivgaige
in innovativeactivity. Sectionlll thenconsidersghe multiple usercaseand demonstrates
that as the number of users grow, so doesrthrufacturer'snnovationincentivesrelative
to any one user. A final sectionexaminesthe options for manufacturersn encouraging

more user-based innovation.

| . Basic Model and Framework

Suppose that there axeagents in an industry that we call “users.” For eachiyser

innovation,

thereexistsa “product, idea,” or “solution” to their needs. Specifically,

there exists an innovation that, if generated, gives them a Valueor notationalease we
begin with the case thaf =V, i . If this innovation is developed, is of this valueto all

users. Innovations have no intrinsic value to the manufacturer.
Both users anthanufacturerganexpendeffort in generatingeitherof thesetypes

of innovation. Our model is a dynamic one that is familiar in the economics of



technological change.Both users anthanufacturersif they expendxA units of research
effort in a period of length, have gprobability, h(x)A of generatingan innovationin that
period. This hazardrate function is independenacrosstime periodsso that pastresearch

effort does not enhance current innovation chand®s.assumehath(.) is nondecreasing
and concave witim(0) = 0. The costincurredby this researchs simply xA. Both users

and manufacturershave an identical discountrate, 8. We will explore solutions in

continuous time a& goes to zero, witld = e™™.

The research rat&, chosen each period by agerg unobservable totheragents.
All that is observablas whenan innovationis generatecdy someparty. This meansthat
agents cannot contract on the rate of research. Weasdsionehat becausehe true nature
of an innovation is uncertain it is impossilie the innovationitself to be contractedupon
ex ante. This means that neittiee manufacturenor userscancommitto a saleprice for
an innovation prior to it being generated (see Aghion and Tirole, 1994).

The timeline for the model is as follows. In stage one, both users and the
manufacturework towardsgeneratingan innovation. Initially, they choosewhetherto
pursuea generalor specific innovation and then they choosein eachperiod how much
effort to expendon innovation. When either type of agentgeneratesan innovation a
bargainingstagebegins. Manufacturersnegotiatewith usersfor the sale of the product
generatedby the innovations. Users, if they have an innovation, negotiate with
manufacturers for the sale of that innovation manufacturanto a productto sell to other

users.

2 See Lee and Wilde (1979) and Reinganum (1983).



I1. The Single User Case

We beginfirst with the caseof a single userand manufacturer. Becausehereare
no alternative users, the choice of which technology to develop is tkiNfaboth userand
manufacturer pursuing the specialised innovation.

We work backwards solving tHeargaininggamefirst, followed by the innovation
game. The bargaining game only stavtenthe manufacturehasinventedan innovation

first. Otherwise the user simply appropridtesnd the manufacturer is left with nothing.

Bargaining with a Potential User

We assume that bargaining takes the form spelt out in Gans and1®x@). This
captureghe ideathat usershavean option to continuesearchingor their own innovation
during negotiations.Thatis, propertyrights over the innovationare potentiallyweak and
the generatiorof aninnovationdoesnot excludeothersfrom generatingan innovation of
similar economicvalue. In this context,a manufacturermay generatean innovation of
value to the user but the user might continue their own research path and ghae@ten
equivalentinnovation. This situationis possiblewheninnovationsare not patentablebut
also when any patrticular patent can be “worked around” (Teece, 1987).

The extensive form ahe bargaininggamewe consideris depictedin Figure One.
When the manufacturergeneratesthe innovation, Nature selects on party -- the
manufacturer or user -- to be the offeror. That partynakesan offer of the saleprice of

the innovation-user,, which is either accepted or rejected. Isibcceptedthe gameends

with the manufacturer receiving and the user receiving — r;. Onthe otherhand,if the
offer is rejected then the user can continue research by selecting a research ixtensity,

they realisean innovationin that period the gameendswith the userreceivingV and the
manufacturefeft with nothing. If no innovationis generatedthen negotiationscontinue

with Nature once again selecting the offeror in the next round.



This bargaining game has a unique subgame perfect equilibrium.

Proposition 1. In the continuous time bargaining game, an agreement is reached
immediately with offeror offering and having accepted:

_ Wr+X,
T=—Fg—""
2(h(xU)+r)

where h'(X,)T =1.

The proof of the proposition is in the appendix. Tiserchoosests researcHevel during

negotiationgo minimisethe price it hasto pay. If it did not researchat this time then 1

would be the familiar Nash/Rubinsteirsolution of /2. The ability to continueresearch

during negotiationstherefore,servesto makethe user relatively more patient than the

manufacturer. This results in a lower price to the manufacturer.

Ex Ante Innovation

We now turn to considerhow the expectationof the equilibrium price for the
innovation,T, influences both the manufacturer’s arger’'sex anteinnovationincentives.
The manufacturer’s ex ante payoff from innovation is:

h(XM )T — Xy
~ h(xy) +h(x,) +r

M

In contrast, for the user the payoff is:

L OV +h,)(V = 1) -,
T R +h(x) + T

Notice that the payoff to eachdependsupon the researchntensity chosenby the other.

Thereis, therefore,a strategiccomponentto their interactionin anticipationof potential
trade later on.

Nonethelessdespitethe apparentcomplexity of their interaction,we are able to
characterise which agent is likely to research more intensively in equilibrium.

Proposition 2. In equilibrium, the user researches more intensively than the
manufacturer, i.e., X, > X,



The proof of this proposition is ithe appendix. Its significanceis thatwhenthereareno
differencesbetweenuser and manufacturelin terms of their intrinsic ability to generate
innovations, users have a greater incentive to pursue innovations than manufacturers.

To see this notéhat therearetwo broadmotivationsthat drive agent’sto intensify
their researcheffort. Thefirst of theseis a purely strategicmotive -- preemption. The
preemption motive is simply the difference in payoffs an agent redeoreseingthe first
to generate an innovation or not. For the manufacturer, this preemption matiasthey
receive this by innovating first and nothing otherwise. For the user, the motive for
preemption is governeoly the desireto avoid this payout. Thatis, theyreceiveV if they
win andV - tif theylose. So the preemptionincentivefor each,given the expectatiorof
trade, is the same.

The second motive fagreaterresearcheffort is simply eachagent’swillingnessto
pay for the innovation. That is, veskwhatis the maximumamountan agentwould pay
to generate the innovation today in the absence of a strategic concern? rkanuifecturer
this is T astheir intrinsic motive for innovationis the expectatiorof sellingit to the user.
For the user, they recei%by generating the innovation. As> 1, the user’'swillingness
to pay motive is always greater than the manufacturer’s. Note thabthissfrom the fact
that theuserhasthe option to operateindependentlyof the manufactureandfind its own
innovation while the manufacturer has to deal with the serderto realisea return. As
their pre-emption motives are the same, then irablsencef greaterresearchproductivity
on the part of the manufacturerthe userwill have greateroverall innovation incentives.
Hence, they are more likely to generate the innovation first.

Our approach here also givagredictionabouteachagent’'spreferencdor greater
research effort on the part of the other. If one agadi preferencdor innovationby the
otherthey might expendotherresourcego help that agentand given theman incentiveto

undertake further research. Our results here are summarised in the following proposition.



Proposition 3. The user prefers more manufacturer research (i.e.,, the maximised
value of v, is non-decreasing in x,,). The manufacturer prefers less user research (i.e.,
the maximised value of v,, is non-increasing in x).

The proof is in the appendix. That proof demonstrates that a preféoenmesearchby the
other agent will be positive if the agent prefers the payoff from immediate innobgtibe
agentto the expectedeturnfrom continuingthe innovationrace. For the manufacturer,
this is always negative aserinnovationearnsthemnothingwhile continuingto research
givesthemyv,,. For the user,however,they receivea positive benefitfrom manufacturer
innovation,V - 7. The propositiondemonstrateshat this is always greaterthanv,, and

hence, the user’s payoff increases when the manufacturer researches more intensively.

[Il. The Many User Case

What happensvhenthereare N users? This caseis more complicatedthan the
single user case because a user-innovator will have an incentivethe sallovationto the
manufacturer.lt, in turn, will sell the innovationto otherusers. The user-innovatomwill
anticipate these returns to the manufacturerin their negotiations, complicating the

bargaining game.

Bargaining Outcomes

To considerthis we needto analysebargainingoutcomesin severalsituations.
First, considerwhat happenswhen the manufactureris the pioneerinnovator. They
negotiate with each user individually for the salehe innovation. Therefore they realise
a licensing fee akin to the single user case (as defined by Proposition 1):

- Vr+%,
T=—F————
2(h(%,) +r)

whereh'(X,)T =1. By innovating first, the manufacturer, therefore, e&ins
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Second, what happens when a user sells the innovation to the manufactuhés? In
case,the manufacturemegotiationswith the N-1 remaining users, individually. Once
again, this is akin to the single user negotiationshemanufacturemwould expectto earn
T abovefor eachsale. Therefore,a manufacturercan expectto earn(N-1)7 if it sellsa
user’s innovation.

Finally, when a user innovates first they al#eto usethe innovationbut alsosell
it to the manufacturer who then, in turn, markets it to oth®ecallthat we haveassumed
that an individual user lacks the capability to marketdirectly to other users. However,
thoseusers,aswell asthe manufacturercancontinueto researchwhile the pioneer-user
and manufacturer negotiate. If the manufacturer generates an innovation durimgetjiat
no longer needs to negotiate with pioneer uaadscanclaim (N-1)t for itself. If another
user generatesan innovation during negotiations,the manufacturerhas two users it
potentially can purchaseinnovationsfrom -- althoughonly N-2 usersto sell it to. We
assumehatin this situation,the manufacturecanplay one useroff againstthe otherand
hence, claimN-2)1 for itself. This allows us to prove the following proposition.

Proposition 4. In the continuous time bargaining game, an agreement is reached
immediately with offeror offering and having accepted:

p o fN-DTe S G+,
23 h%) +h%) +1)

where h'(%,)T =1andh'(X)r =1.
This results in the following characterisation of equilibrium research intensities.

Proposition 5. In equilibrium, an individual user researches more intensively than
the manufacturer (i.e., X, = X,,) if and only if V+T = Nr.

The condition of the proposition is agaic@mparisorof the willingnessto pay incentives
of an individual user agpposedo the manufacturer. Relativeresearchncentivesdepend
on this alone as the pre-emptionincentive for the manufacturerand users are identical,

being equal tar +T.
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As N rises it becomesmore likely that the manufacturerwill researchmore
intensively than any individual user. This is demonstratedor a specialcasein Figure
Two. However,this doesnot meanthat the manufactureis more likely to becomethe
pioneer innovator. To see this, following Loury (1979), note that the expected tintteethat

manufacturer innovates i h(x,,). In contrast, ifX, is the equilibrium researctintensity
for eachuser, the expectedtime that any user generatesan innovationis 1/ (Nh(f(U)).

Therefore,a useris likely to be the pioneerinnovatorif Nh(X,)>h(X,,). So evenif the

manufactureresearchesnore intensively than an individual user, there are more users
pursuinginnovations,raising the probability that any one user generatesan innovation

prior to the manufacturer.

Figure Two
(with h(x) =vx,V=1,r = 0.1)
2.5}
2L
1.5}
1 b
0.5}

Preferences for Research Effort

In the single user case,we demonstratedhat while user innovation exerteda
negative externality on the manufacturer,manufacturerresearch benefited the user
(Proposition 3). This was because the manufacturer only profited bytneinnovation,

whereas the user receive some benefit when the manufacturer generated an innovation.
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In the many user case, these preferencesbecome more complicated. The
manufacturenow receivessomepositive payoff whena userinnovatesfirst. However,
now thereis a negativeeffect of manufactureand otheruserinnovationon an individual
user -- it removes the possibilibf the userreceivingT. However, it is still possiblethat

innovation could exert a positive externality on all agents.

Proposition 6. If T is relatively low, then both users and manufacturers prefer
greater research intensity on the part of others.

When T is low, the manufacturer considers user innovati@m asperfectsubstituteto its
own. Moreover, folow T, eachuserdoesnot considerpioneerinnovationas muchof a
“prize,” andso, likewise, would prefermoreresearchon the part of others. A relatively
low T will arise asN getslarge.In thesecircumstancesgachagentwill havean incentive

to help others.

Heterogeneous Users

We now turnto considerthe casewhereusersare heterogeneoum their ability to
conduct research. To this ewde considerthe extremecasewheretherearen userswho
can conduct researabhile the remainingN - n userscannot. We demonstratehat under

someconditionsthe removal of a userfrom the researchingclassraisesindividual user

research effort relative to that of the manufacturer.

To see this note that fi(now becomes:

r(N-1)7 + zi“:lh(x)r +%,
231 h(%) +h(%,)+1)

T(n)=

This is decreasingn n. Hence,more user-researchergducethe price that usersreceive
for their innovation. This is because reductionin n, lowersthe probability that another

userwill generatean innovationduring negotiations. However,asN is fixed it doesnot

alter the total market for the innovation.
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This insight allows us to prove the following:

Proposition 7. Suppose that T(n) is relatively low. Then, holding N fixed, a
reduction in n raises X, relative to X, .

WhenT(n) is relatively low, a reductionin n raisesthe returnsto innovationas research
intensitiesare strategicsubstitutegseeProposition6). Thus, areductionin T lowersthe
pre-emption incentives of both users and manufacturers while raising the willingpess to
incentivesof users. As such, individual userswill researchmore intensively than the
manufacturer. Of course,sincen hasfallen we cannottell whetherthis makesit more

likely that a user becomes the pioneer innovator.
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Appendix

Proof of Proposition 1

Following Wolinsky (1987), the subgameequilibrium is characterisecby the
following equations:

V-1, = h(%,)AV - %,A +(1-h(%,)A)5(V - 4 (t,, +1,))
Ty = (1_ h(%, )A)d%(ru + TM)
' (%)(V =8V -4(r, +1,))) =1.

The first equationstatesthat the offer of the manufactureto the user must be at leastas
high asthe user'sexpectedoayoff if they rejectthe offer. The secondis the equivalent
condition when the user is the offeror. The final equation is the first order corfditithe

user, maximising its disagreemenipayoff. This determinesX,, the user’s research
intensity during negotiations. Note thgf is unique.
Solving these equations gives:
1y = (V(1- 31— h(%,)A)) — h(%,)AV +%,4) 11'_5551__&%)5)
9;(1-h(%,)8)
1-3(1-h(%,)A)

Ty

(V(1-3@1-h(%,)D)) ~ h(%,)AV +%,4)

These are offered and accepted during the first rofimegotiations. That the equilibrium
is uniquefollows from the uniquenes®f the post-innovationchoice of %, for the user.
Inthe event of a breakdown, the manufacturer’s payoff would be zerotwaiserwould
earnmax, Vv, (%,) where:

h(x,)AV - x,A
1-0(1-h(x,)A)

W(Xy) =

Wolinsky (1987) shows tha¥ — 1, 2 max, v, (X,) andV -1, 2max,_ v,(x,).

Finally, looking in continuousime, if we replaced with €™ andtakelimits asA
approaches zero gives:
Vr + X,

Ty, — T=2(|"|T)+r)'
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Proof of Proposition 2

Consider thdirst order conditionsfor a Nashequilibriumin the innovationgame.
The first order condition for the manufacturer is:

(h'(XM)T _1)(h(XM) + h(xu) + I‘) = h'(XM)h(XM)T - h'(XM)XM
O (h(x,)7 =1)(h(x,) + 1) = (X)) = (%)%,
and for the user:
(" (x%,)V =1)(h(%,) +h(x,) +1) = (%, )(h(%,)V + h(x, )(V = T) = x,)
O (W (x)V =Dr +h(x,, )(h' (%,)T = 1) = h(x,) = h' (%),

Notice that the right hand side of each condition is identical, as is thenteractingwith r
on the left handside. What remainsis the term interactingwith the marginal research
productivity of each agent. A comparison of these yields the condition in the proposition.

Proof of Proposition 3 and Proposition 6

This is a simple applicationof Proposition5 and Corollary 3 of Gansand Stern
(21997).

Proof of Proposition 4

If the user innovates first, the relevant bargaining equations are:
T, = (1— h(%,)A - Z:lh(iu)A)J%(TM +T,)
(N=D7 - T, = h((%,)A(N 1)1 - &, A + Z”:fh(iu)A(N -2)1
. (1— h(%,)A - Z:lh(iU)A)d((N ~Dr-4(T, +T,))

W (%)((N-D7(1-8) +54(T, +T,)) =1
h'(x)r =1.
Solving and taking the limit & approaches zero, we have,
(N-D1r + 5 " "h(X)T +%,

TM'TU - T= N-1
23 1 h(%) +h(%,) +7)
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whereh'(X,,)T =1 andh'(X )7 =1.

Proof of Proposition 5

The first order condition for the manufacturer is:
(P (%, )NT —1)(h(xM) +3 " h(x)+ r) . h'(xM)(h(xM)Nr +3 )N -DT-T) - xM)
O (b (% )NT =2)r +(h' (%, )(T +T)) ‘1)2:\‘:1“()9) =h(xy) = h'(Xy)Xy
and for an individual user:
(PO +T)=1)0x) +hx)+ 30k +) =[O +T)+(F, o) +hix))v =1

0 (RO +T) =D+ (RO)T + 1) =1) 3 k) +h(x,)) = h(x) = (%)

The proof then proceeds along the lines of Proposition 2.
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