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Abstract

I study how a multiunit firm can promote knowledge sharing, creating conditions
to foster the development of a relational contract that would support a mutual
exchange of know-how between its units. Powered profit incentives are shown
to be effective as they increase the future value of access to peer units’ know-
how and strengthens the incentives to cooperate with peers today. Linking the
units’ compensation to the performance of their peers improves the conditions
for cooperation and further lower the cost of incentives. Relative performance
evaluation is generally superior to joint performance evaluation as it increase the
cost to a non-cooperative unit of being excluded from knowledge sharing between

the other units in the future.
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1 Introduction

The transfer of knowledge within firms has long been recognized as a key to their success
and competitive advantage. According to a recent Harvard Business Review article,
Fortune 500 firms lose a combined $31.5 billion per year from employees failing to share
knowledge effectively.! A vast literature in the areas of Management, Organizational
Behavior and Economics has studied the mechanisms of knowledge transfer and identified
factors which support and impede the successful sharing of knowledge and innovations
between units (e.g, Cool, Dierickx, and Szulanski, 1997; Argote and Ingram, 2000).>
Historically, organizations tended to rely on centralized management to coordinate
and supervise the transfer of know-how between their units.> Over the last several
decades, firms have aimed to improve initiative, response times, and performance by
disaggregating, eliminating layers of middle managers and central functional staff, and
moving an increasing amount of decision-making authority to the business units. These
steps are often accompanied by strong monetary incentives, based on various measures
of units’ performance. However, because interdependencies between the units abound,
it is crucial that the decentralization of the firm would not hamper internal cooperation
and, in particular, the sharing of technical and managerial know-how and best-practice
between its units. Roberts (2004) describes the organizational restructuring in BP Ex-
plorations. The firm has disaggregated, creating empowered business units with clear
performance responsibilities. These measures “had the intended effect of increasing ini-
tiative,... But the changes also created a great need for the business units to cooperate in
sharing best practice and in supporting one another in solving technical and commercial
problems — activities that were previously handled by the center, but that it now lacked

resources to undertake.”

1See, “Is Your Company Encouraging Employees to Share What They Know?,” Christopher G. Myers,
Harvard Business Review, November 2015.

2 Argote (2013) notes that one reason for the interest in knowledge transfers is the growing importance
of multinational firms. According to Argote, “effective operation of global firms requires that distributed
expertise be coordinated—that knowledge be transferred from one expert to another and from one site
to another.” In addition, the growth of the multiunit, multimarket organizational form, which includes
franchises and chains in the services, hospitality and health care sectors as another trend that contributed
to interest in knowledge transfers. Such multiunit organizations produce the same product or deliver
the same service in different markets and thus knowledge acquired at one establishment can be highly
relevant to others.

3 Argote, Beckman, and Epple (1990) discuss the production of the Liberty ship during World War II.
Production was carried out by 13 shipyards that went into production in different points in time. While
shipyards were independent, "a central agency was responsible for purchasing, designing each yard’s
layout, approving the technology it used, and supervising its construction. The central agency also
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stationed engineers, inspectors, and auditors at each site to share information about “best practices”.



Because flatter firms have fewer dedicated personnel to collect knowledge from the
units and disseminate it within the firm, the burden of seeking their peers’ knowledge
and communicating their own knowledge to their peers now falls directly on the units
themselves. A potential concern is that units would fail to share their knowledge, es-
pecially if they are given powered performance-based incentives. Profit-based incentives
may hinder cooperation and knowledge sharing between units, as that they increase the
opportunity cost for the units of the time and resources spend helping their peers. A
potential solution is to foster a cooperative relational contract between the units, an in-
formal agreement to share their knowledge.* The repeated interaction between the units
can create implicit incentives for cooperation by leveraging the units’ ability to monitor
their peers and sanction noncooperative behavior.®

In this paper I study how multiunit firms can foster the development of a relational
contract between their units in order to support interunit knowledge sharing. In the
model, units constantly come up with process innovations, improved production methods,
and new work practices. These innovations are valuable also to other units within the firm
and can improve their productivity® and the firm thus has an interest in disseminating
them as broadly as possible. Knowledge sharing requires the units’ managers to exert
effort communicating their knowledge to their peers. The firm’s center does not observe
communication and thus it cannot secure such effort by fiat, nor compensate the units
directly for exerting it. However, because communication is observable by the units
themselves, a relational contact between the units could generate implicit incentives for
cooperation that can substitute for the missing explicit incentives. Under the relational
contract, all units are expected to share their know-how today in order to secure the
cooperation of their peers in the future. A non-cooperative unit would be excluded from
future cooperation with its peers and would suffer a lower productivity as a result.

I show that firms can use various features of the organizational design to strengthen
their units’ ability to self-discipline noncooperative peers. I first consider how firms can

use their compensation system to foster cooperation. Both the power of incentives and

4Baker, Gibbons, and Murphy (2002) define a relational contracts as “informal agreements, sustained
by the value of future relationships.” Informal quid pro quos between coworkers which are the subject
of this paper, are one of the examples which they mention.

% According to Roberts, BP Explorations was able to overcome the challenges arising from the orga-
nizational restructuring and nurture a strong culture of cooperation between its units. As he writes,
“The solution was to link collections of business units facing similar technical and commercial challenges
into peer groups. The members of these peer groups developed norms of sharing information and help-
ing one another resolve problems. It became a strong morm to ask for help in trouble and to respond
wholeheartedly if asked for help. This cooperation was crucial to BP’s success.”



the link between the managers’ compensation and the performance of their peer have
a positive impact on the stability of the relational contract between the units. When
compensation is based exclusively on the unit’s performance, or independent performance
evaluation (IPE), powered monetary incentives increase the value of future technological
cooperation with peer units and strengthen the implicit incentives to cooperate generated
by the relational contract. This stands in contrast to a common intuition that powered
incentives hamper cooperation. The power of incentives is tied to the stability of the
relational contract. When units are more patient, the firm relies more heavily on the
relational contract and awards the units’ managers a smaller share of their units’ profits.

Next, I consider alternatives forms of compensation in which the units’ compensation
is tied to the performance of their peers: joint performance evaluation (JPE), where com-
pensation increases with peers’ performance and relative performance evaluation (RPE),
where compensation decreases with peers’ performance. It has been argued group incen-
tives can promote a climate of trust and cooperation which is conductive to organizational
knowledge sharing (Collins and Smith, 2006). In my model, the firm prefers JPE to IPE
since it lowers the monetary cost of the incentives that are required to sustain the rela-
tional contract. Under JPE, the immediate gains from deviation are lower than under
IPE since the deviator’s compensation decreases due to the adverse effect of holding on
to its knowledge on the performance of its peers. On the other hand, concerns have been
raised that the use of RPE can have on the undesired effect on knowledge sharing.® While
RPE is detrimental to knowledge sharing in the static setup, its no longer the case under
the relational contract. With three units or above RPE is superior to IPE. Excluding only
the deviator from future knowledge sharing, while maintaining the cooperation among
the other units, the deviator’s punishment is harsher under RPE, since its performance
falls below that of his peers. Moreover, the cost of incentives to the firm under RPE is
also lower than under JPE. The firm is better off using RPE, except for when the units
are too impatient so that the full sharing equilibrium cannot be sustained with RPE but
is feasible with JPE.

In addition to the compensation scheme, firms can leverage other aspects of the orga-
nizational design to support knowledge sharing between their units. I show that allowing
the units to compete over clients strengthen the incentives for knowledge sharing between

the units. Similarly to the effect of RPE, the introduction of interunit competition over

For example, Sandvik, Saouma, Seegert, and Stanton (2020) consider knowledge flows between sales
agents. They note that in many sales firms a portion of compensation depends on performance relative
to other employees, potentially increasing opportunity costs of helping others.



clients, severely disadvantages units in the case that they are excluded from the relational
contract, as they have to compete with higher-productivity peers.

Early contributions to the theory of incentives have considered short-term relation-
ships between employees. Holmstrom (1982), Lazear and Rosen (1981) and others have
shown how relative performance evaluation and rank-order tournaments between agents
can be used to filter away common uncertainties that affect the performance of all agents.
Lazear (1989) shows that the value of relative performance evaluation is diminished when
agents engage both in individual and other team-related tasks. Other papers have demon-
strated the value of group incentives when explicit side trading between the agents is fea-
sible (Holmstrom and Milgrom, 1990) and when the principal wants to motivate agents
to help each other (Itoh, 1991).

Closer to this paper, later work have considered repeated long-term interactions be-
tween agents. Che and Yoo (2001) study how the explicit incentives chosen by the firm
interact with the implicit incentives that arise from the repeated interaction between
its employees. In their setup, relative performance evaluation is optimal in the static
setup as it allows to filter to a common shock to the productivity of the agents but with
repeated interaction it cannot generate implicit incentives for high effort, whereas group
performance evaluation can generate such incentives. Che and Yoo show that group
performance evaluation is optimal when the agents are sufficiently patient, whereas in-
dependent performance evaluation or relative performance evaluation are optimal if the
agents are not patient enough. In contrast, my framework considers effort exerted in or-
der to share knowledge with peers. Relative performance evaluation is superior to other
compensation forms in the repeated interaction as long as there are 3 or more agents and
the agents are sufficiently patient. Another strand of papers (Rob and Zemsky, 2002;
Spagnolo, 1999) use dynamic models to study how the firm can affect the accumulation
of “social capital” between its employees and how it can use such capital to promote
them to help their peers.

The remainder of the paper is organized as follows. Section 2 presents the model.
Section 3 considers the effect of the compensation scheme on knowledge sharing. Section

4 discusses additional organizational variables that can support knowledge sharing.

2 The model

A firm has a set of units N'={1,...,n} where n > 2. In each period t = 1,2, ..., 00, the

units manufacture a new generation of products. At the beginning of each period each



unit comes up with a single cost-reducing innovation. This innovation is also valuable
to the unit’s peers if shared with them. Denote by 7 (k) the profit of a unit when it
has access to k of the n current-generation innovations, where 7’ (k) > 0. Denote the
marginal value of the k’th innovation by A (k) = 7 (k) — 7 (k — 1) and assume that
A’ (k) < 0. Units’ profits are observable by all and verifiable, and thus can be contracted
upon.

Each unit is headed by a manager who bears a private disutility from the effort
required to share the innovation to its peers.” Denote by ¥ (m) the disutility of commu-
nicating to m peers, where ¥’ (m) > 0 and V" (m) < 0. Manager ¢’s utility in period ¢ is
uyy = wiy — Yy, where wy; is manager i’s wage and W;; his disutility from communication.
The manager has an outside option worth ug per period, where uy < 7 (1), and discounts
future utility streams with a discount factor ¢.

The next assumption implies that the communication of all innovations by all n units

is efficient.
Al (n—1)A(n) > (n—-1).

The total benefit of unit ¢ sharing its innovation with all of its peers if all other units
share their innovations, (n — 1) A (n), is higher than the disutility from communication,
U (n — 1). The concavity of 7 (k) implies that the benefits of sharing the innovation are
yet higher if any of ¢’s peers do not share their innovations.

The firm compensates the managers using either a fixed wage or with an incentive
contract that depends on unit ¢’s profits m; and on the profile of its peers’ profits, 7_;.
Managers receive identical wage contracts that are invariant over time. Each period’s
wage depends only on the current profits. Thus, w;; = w (7my,m_y) for alli =1,...,n and

t=1,2,...,00,. We consider three alternative incentive schemes:

i. Independent performance evaluation (IPE) - In addition to a base wage b, each
unit manager is paid a share a; of his unit’s profit. The manager’s compensation

is independent of its peers’ performance. Thus, w (7;,7_;) = b+ a;m;.

ii. Joint performance evaluation (JPE) - Each unit manager is paid a share a; of the
average profit of all n units, w (m;,7_;) = b+ ay7 where T = (3_,_, 7) \n. Under

JPE, the manager’s wage increases in the performance of its peers.

"Communication effort may be exerted in various ways. The manager may oversee the codification
of new knowledge so it can be accessible by other units. Alternatively, he may spend time in various
forms of informal communication such as internal presentations, etc.



iii. Relative performance evaluation (RPE) - each unit manager is paid w (m;,7_;) =
b+ agl|m+z(m —7_;)] where z > 0 and 7_; = ﬁ Y. m;. A share ap is paid
of the unit’s profit that is adjusted by z (m; —7T_;) toji;ﬂect the unit’s relative
performance compared to the average performance of its peers. Under RPE, the

manager’s pay decreases in the performance of its peers.

Consider first the one-period stage game. In the static setup it is never unilaterally
beneficial for a manager to exert effort under either IPE or RPE. While communication
is privately costly to the manager, it has no effect on the unit’s compensation under IPE,
and a negative effect on compensation under RPE. Thus, in the unique stage game equi-
librium under these two compensation schemes, no unit communicates and the managers
wage is w;; = ug in each period.

In contrast, under JPE, it can be beneficial for a unit to share its innovations with
their peers. Suppose each one of unit i’s peers has access to m — 1 other innovations,
where 1 < m < n — 1, whereas unit i itself has access to k innovations. Then, manager ¢

finds it optimal to share its knowledge with his peers if

arﬁ(k‘)#—(n—l)w(m) —\I/(n—l)zon-ﬂ(k)—{—(n_l)ﬁ(m_l)

n n

or if
n—1

ay - A(m)>T(n—1).

For clarity of exposition, and to focus on the role of dynamic incentives, we rule out this
possibility. Since A (m) is decreasing in m, a sufficient condition (though stronger than

needed) is
A2 A(2)<V¥(n—1)foralln>3.

Assumption A2 implies that for the average cost of communication ¥ (n — 1) /(n — 1)
per peer is higher than an equal share of the benefits, A (n) /n. Since under JPE the
units share the benefits from communication equally, the disutility from communication
is too high for it to be unilaterally beneficial. Hence under Assumption A2 no static

equilibria with communication exists under JPE as well.



3 Knowledge sharing and the pay scheme

I now turn to consider a symmetric subgame-perfect equilibria of the repeated game in
which on the equilibrium path, all units share their innovations with all of their peers
in all periods (a full sharing equilibrium). Adherence to the equilibrium is supported by
an implicit threat to revert to a non-cooperative (punishment) equilibrium in case one
of the units would deviate. I show below that under our assumptions, the full sharing
equilibrium maximizes the managers’ payoffs given the compensation schemes set the
firm. The exact equilibrium strategies are presented in the sections below.

Denote by u¢ the per-period utility of a manager on the equilibrium path, by u”
the instantaneous utility to a manager that deviates from the equilibrium play and by
uf the deviator average payoff in the ensuing periods (the punishment subgame). The

manager’s incentive constraint can be written as follows:
u® > (1= 6)u? + du”. (1)

Abreu (1988) shows that every perfect equilibria path is the outcome of equilibrium
strategies which specify the same player-specific maximal punishment after any deviation
by that player. We characterize the full sharing equilibria below following Abreu’s insight.

We begin by considering the equilibrium under Independent performance evaluation
(IPE). We then consider in turn Joint performance evaluation (JPE) and Relative per-
formance evaluation (RPE) and compare each alternative with IPE. Finally we consider

the optimal pay scheme.

3.1 Independent performance evaluation

Under IPE, a manager who is paid a share «; of its unit’s profit can unilaterally guarantee
himself a utility a7 (1) in every period when not sharing its innovation with its peers.
Thus, a7 (1) is a lower bound on the manager’s payoff in any perfect equilibrium. The
maximal punishment equilibrium is therefore one in which all units revert to play the Nash
equilibrium of the stage game in all periods. Since the units do not share their innovations,
this equilibrium attains the lower bound, and hence u” = b + a7 (1). The manager’s
per-period utility in the full sharing equilibrium, is u¢ = b+ a7 (n) — ¥ (n — 1). Finally,
the manager’s instantaneous utility if deviating from the equilibrium and not sharing

its innovation, but receiving the innovations of all of its peers is u” = b + a7 (n).



Substituting these terms into (1) and rearranging, the incentive constraint becomes

U(n—1)
02 ) = (D)

Since the right-hand side is decreasing in «j,the incentive constraint is more likely
to hold the higher is the profit share, Thus, powered incentives helps knowledge
sharing between the units. Intuitively, when «; is too small, knowledge sharing
cannot be sustained. As «a; increases, the net immediate gain from deviation, u” —u®, is
unaffected, since it equals the private cost of communication, ¥ (n — 1). By contrast, the
future loss per period rises, as the difference between the cooperative and punishment
payoffs to the manager, u® — u”, increases with o;.

Next, rewrite the incentive constraint to express the minimal profit share o' for
which it is satisfied, given the discount factor §. The full sharing equilibrium incentive
constraint is satisfied if and only if oy > o', where

U(n—1)

= S )~ (0] )

Note that o < 1 if and only if § > §;, where 6; = ¥ (n — 1) / [7 (n) — 7 (1)], and where
oy <lyasm(n)—7m (1) = Zn: A (k) > (n—1)A(n) > ¥ (n — 1), where the first inequality
follows as A (k) cleclreause;C 71121 k, and the last inequality follows from Assumption Al.

In addition, the manager’s participation constraint is satisfied provided u® > u,. For
the special case in which ug = 0, the participation constraint is implied by the incentive
constraint since u” > (1 — §) u” + éu” and as u” > 0 and u”” > 0.

To induce the units to share their innovations at the lowest cost, the firm chooses a
base wage by and a profit share oy that minimizes the managers’ compensation under

the participation and incentive constraints, i.e.,

migl b+ am(n)

s.t.
a > af
b+am(n)—¥(n—1)> ug

While there many possible solutions to the minimization problem above, I focus without

loss of generality on the one in which the incentive constraint binds, i.e., a;y = o' and



br = max {ug+ ¥ (n — 1) — a%w (n),0}. If a'*m (n) > up + ¥ (n — 1), the participation
constraint is slack and by = 0. Otherwise, the participation constraint binds and b; > 0.

Finally, one has to check the conditions under which providing the managers with
incentive to share their knowledge is optimal. If not incentivizing knowledge sharing,
the firm’s gross profit per unit is 7 (1) and it pays the manager his reservation wage .

Incentivizing knowledge sharing is desirable if
m(n) — [br + aym (n)] > 7 (1) — uo.

Clearly, incentivizing knowledge sharing is optimal when the participation constraint
binds, as then the wage bill is the same in both cases. Thus, we only need to check when
the condition hold when the participation constraint is slack and b; = 0. In that case,
the inequality above implies o'“m (n) — ug < 7 (n) — 7 (1), which is satisfied if and only

if & > 9;, where
m(n)
m(n)+uy—m(1)’

51551'

and where ¢, > 0; since uy < w(1). At 9;, the total wage paid to the manager
a(0,)m(n) =ug+m(n) — (1) > ug+ ¥ (n—1), exceeds the manager’s reservation
value.

The next lemma summarizes the results under IPE.

Lemma 1 When the firm uses independent performance evaluation (IPE) and when
0 < 9y, it pays units’ managers his reservation wage uy and does not incentivize knowledge
sharing. When 6 > ¢§;, the firm incentivizes units’ managers to share their knowledge. At
d;, the manager’s utility exceeds ug. The managers’ profit share, o'¢ and the total wage

are decreasing in 9.

Figure 1 below plots the equilibrium wage w as a function of the discount factor §
[[ Figure 1 Herel]

In our framework, communication effort is non-verifiable and cannot be compensated
directly by the firm and in the stage game, knowledge sharing is not feasible. However, in
the repeated game, a sufficiently high profit share can induce a relational contract between
the units with implicit incentives to support knowledge sharing. While the managers’
effort is not compensated directly, if they choose not to share their innovations today
they would forego the monetary value of the productivity gains from future knowledge
sharing. Explicit and implicit incentives are thus complements in the sense that the

firm awards the unit a share of their unit’s profits only in when the units can sustain

10



a relational contract between themselves. However, under the relational contract, the
two are substitutes. As unit managers become more patient, the incentive constraint
is satisfied with an increasingly smaller profit share. The firm takes advantage of the
implicit incentives generated by the relational contract to reduce the managers’ explicit
pay.

A key insight from the literature on multitasking in static environments (Holmstrom
and Milgrom, 1991) is that low-powered incentives can be optimal when agents multitask
and preform concurrently both easy to measure and hard to measure tasks (such as help-
ing peers and knowledge sharing). Multitasking considerations aside, the result here can
be viewed as complementary, suggesting that in repeated setups high-powered incentives

can encourage agents to take hard to measure tasks such as knowledge sharing.

3.2 Joint performance evaluation

Under JPE, managers compensation is based on the average profit of all units, w =
by + a . Although under JPE each manager gains directly from an improvement in its
peers’ performance, we have seen in Section 2 that, under our assumptions, the cost of
communication is such that in the unique Nash equilibrium the units do not share their
innovations. Thus, as in the case of IPE, the maximal punishment for a deviation is
attained by a reversion to an infinite play of the Nash equilibrium of the stage game, and
hence u” = b; + a7 (1). Similarly, in the full sharing equilibrium, all units share their
innovations and have identical profits, and thus the average profit is 7 = 7 (n) . Hence
u® = by + aym(n) — ¥ (n —1). Finally, the manager’s one-period payoff from deviation
® 7(n)+m—1)m(n-—1)
n

uP? = by 4 ay

Note that by Assumption A2, u” —u® = ¥ (n—1) — ay"=2A (n) > 0. Still, u” is

lower under JPE than under IPE, as the deviator’s compensation takes a hit as a result

of the decrease in its peers’ profitability when it does not share its innovation.
Substituting u“, u” and u” into (1) and rearranging, the minimal profit share that

satisfies the incentive constraint under JPE is

U(n—1)
dr(n)—mQ)])+(1-086)22A(n)

n

ay =

W(n—1)
S[m(n)—m(1)]

be sustained for a lower profit share than under IPE, for all levels of the discount factor

o is decreasing in 6. As o < = ¢, the incentive constraint under JPE can

11



Finally, to incentivize knowledge sharing, the firm chooses a wage (a,bs) to solve

migl b+ am(n)

s.t.
a > af
b+am(n)—¥(n—1)>

As above, we focus on the solution in which the incentive constraint binds, i.e., a; = af
and b; = max {ug + ¥ (n — 1) — a7 (n) ,0} . Incentivizing knowledge sharing is optimal
if m(n) — [by + a%m (n)] > 7 (1) — up. Again, we only need to check the case in which
the participation constraint is slack and b; = 0, implying o's7 (n) < ug + 7 (n) — 7 (1).
Since of < o' for all § and as ¢ and o' are decreasing in §, this condition is satisfied
if § > &,, where §, < §,. Finally, for future use, denote by ; a threshold value such
that a'sm (n) = ug + ¥ (n — 1) if and only if 6 > 4.

The next lemma follows immediately from the results above.

Lemma 2 For the firm, JPE weakly dominates IPE. When § € [0,,6,], incentivizing
knowledge sharing is optimal with JPE but not with IPE. The cost of incentives is strictly
lower under JPE than under IPE, whenever o'fm (n) > ug+ ¥ (n — 1).

3.3 Relative performance evaluation

Recall that under RPE, all unit managers are paid w = bg + ag [7; + 2z (7m; — T_;)] where
z>0and 7_; = 1= > ;. In the full sharing equilibrium, m; = 7 (n) for all i € N and
thus u” = bp+apm (é;ﬁl—\P(n— 1). Compared with IPE, the gain to deviation under RPE
is higher. A deviating manager who does not share its unit innovation both avoids the
communication disutility, and gains a one-period productivity advantage over its peers,
which under RPE boosts his compensation. As for the ability to punish deviations under
RPE, it depends on the number of units. With only two units, the punishment stage
payoffs are identical to the case of IPE and thus it is clear that RPE would not be used
when n = 2. With n > 3 units however, a deviation can be punished more harshly
under RPE than under IPE. To lower a deviator’s payoff as much as possible, all other
units should discontinue sharing their innovations with the deviator, while continuing to

cooperate among themselves, thus maximizing the productivity gap between themselves

12



and the deviator. The deviator’s payoff in this case is
u=bgt+agr(l)+2z(r(1)—7m(n—1)).

Hence, u is a lower bound to a deviator payoff in any perfect equilibrium. In Appendix
A.2, T characterize a maximal punishment subgame perfect equilibrium ¢* in which the
average per period payoff of unit k equals the lower bound u. Under o*, unit k is expected
to cooperate with its own punishment, and continue to provide its know-how to its peers’
throughout the T' periods of punishment, during which it is excluded from their know-
how. Unit k’s cooperation is achieved using a “carrot and stick” strategy: After T periods
unit k is forgiven and brought back into cooperation with its peers, But the punishment
would be restarted from period 1 if k fails to cooperate in any of the first T" periods. k’s
discounted payoff under o* is exactly u. While simpler trigger strategies that cease all
cooperation with k forever following a deviation would also attain the lower bound, the
payoff to all other units in A\ {k} under o* is higher, a fact which makes it easier to
incentivize them to adhere to the punishment strategies.

Next consider the full equilibrium. On the equilibrium path all units are expected to
share their innovations with all of their peers in all periods. A deviation by unit k£ leads

k

all units to play the punishment equilibrium ¢” in all future periods. A unit deviating

and not sharing its innovation with any of its peers gets an immediate payoff
uP =bp +ag[r(n) + zA (n)].

in the period of deviation. Substituting u” above and u” = u into the incentive constraint
(1) yields
u’ > (1 —0)ag[r (n) + zA (n)] + ou. (3)

Compared with IPE, and for ap = «a;, RPE increases the deviation payoff u” by
arzA (n) but lowers the punishment payoff u by a larger sum, agz (7 (n —1) — 7 (1)].
Intuitively, if ¢ is sufficiently large, the lower punishment payoff u looms larger than the
higher deviation payoff u” and the overall effect on the right-hand side of the incentive
constraint is negative. To see this formally, note that z appears only on the right-hand
side of (3), which decreases with z when ® (§) = (1 =) A(n)+d[r (1) — 7 (n—1)] < 0.
Since @ (9) is continuous, ® (0) > 0 and ® (1) < 0 and since ¥ (§) < 0, it follows that

13



® (§) < 0 if and only if § > 05, where

and where d; < 1. RPE thus strengthen incentives for cooperation if and only if 6 > 0.
From the incentive constraint we can also derive the minimal profit share that satisfies

the constraint o (z), as a function of z. This equals

U(n-—1)
dr(n)—m ()] —@(d)z

o (z) =

Note that o' (0) = a¢ and that o' (2) < o' and is decreasing in z if and only if ® (§) < 0.
Finally, to incentivize the full sharing equilibrium, the firm chooses a compensation

scheme (bg ag, zr) to solve

(br, g, 2R) = {)nin b+ am(n)

s.t.
a > aj(2)
b+am(n)—¥(n—1)>

As in the previous sections, and without loss of generality, let ar = a% (z) and by =
max {ug + ¥ (n — 1) — a5 (2) 7 (n),0}.

The next lemma shows that RPE both expands the scope of the full sharing equi-
librium compared with IPE and lowers the cost of incentives to the units’ managers.
Incentivizing knowledge sharing is always optimal whenever the use of RPE supports the

relational contract.

Lemma 3 Under RPE and when § > 0, the center choosesbgr = 0, ag = [ug + ¥ (n — 1)] /7 (n)
and zp such that ar = o'S(2r). When 6 € [dz,0,], incentivizing knowledge sharing is
optimal with RPE but not with IPE. The cost of incentivizing knowledge sharing with
RPE is strictly lower than with IPE when o'fm (n) > ug + ¥ (n —1). When § < dp, the

center does not incentivize the managers to share their innovations under either RPE or
IPFE.

Proof. Note first that by Assumption Al it follows that §, < d;. When § > 5 and as
alfm (n) > ug+WV (n — 1), then by setting ag = [ug + ¥ (n — 1)] /7 (n), and 2z sufficiently

high so that g’ﬁ (zr) = ag the firm reduces the managers’ compensation under RPE to
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up + ¥ (n — 1), below its level under IPE. Providing incentives for knowledge sharing is
clearly optimal in this case. By contrast, when ¢ < 5, a relative evaluation component
z > 0 increases the cost of incentives and should be avoided. Since 0, < J;, then by

Lemma 1, the firm prefers not to incentivize knowledge sharing in that case. m

For §, <6 < ¢;, the center incentivizes the full sharing equilibrium with RPE but not
with IPE. Whenever § > §,, full sharing is optimal with both compensation schemes, but
the managers’ compensation is lower with RPE, as long as a'“w (n)—¥ (n — 1) > ug. Only
when ¢ is sufficiently high for the participation constraint to bind under IPE is the cost of
incentives the same under RPE and IPE. The level of the relative-performance component
zr does not change the managers’ compensation directly, since on the equilibrium path
the units’ profits do not diverge. However, the use of RPE enables the firm to lower the
managers’ compensation as it increases the (off-equilibrium) cost to a deviator of being
excluded from the innovations of other units in the future.

To finish this section, some comments are in order. First, the (off-equilibrium) wage of
a deviating manager in the punishment stage is negative when 7 (1)+2z (7 (1) — 7 (n)) < 0
or when z > 7z = % If the manager cannot pay the firm ex post in case his
performance falls behind, the manager’s limited liability would constrain the power of
the relative performance component that can be used to z < Z. This would not change
the results of Lemma 3 as long as o' (2) < [ug + ¥ (n — 1)] /7 (n).

Second, the effectiveness of using RPE can be further enhanced if the compensa-
tion scheme would penalize poor performance harsher than it rewards good perfor-
mance. A “neutral” way to implement this the current context is to have the relative
component of the wage (either a reward or a fine) kick in only if the difference be-
tween a unit’s performance and that of its peers exceed a threshold A, where A (n) <
A < [r(n)—m(1)]/(n—1). A deviating unit would then not receive an additional com-
pensation as a result holding on to its innovation (as its productivity advantage A (n)
would be below the threshold ﬁ) but would be fined in the punishment equilibrium when
the difference in performance compared to its peers’ is larger. Under such scheme, the
scope of the full sharing equilibrium under RPE would be further extended and the cost
of incentives would be diminished.

Third, the firm could achieve an incentive structure similar to RPE if it would set
performance goals for the units based on the outcomes of the high performers in the
previous period. In the punishment stage, a deviator would be unable to reach the

performance standard without access to its peers’ know-how and accordingly would be

fined.
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3.4

Optimal pay schemes

The next proposition combines the results of the previous sections to characterize the

optimal pay scheme for the unit managers.

Proposition 1 With 2 units, JPE is optimal. With 3 or more units,

7.

If 6 > &, either RPE or JPE are optimal. The managers’ utility is uq.

If 6 € (é ) J) RPE s optimal. Managers’ utility is ug and the cost of incentives
to the firm is strictly lower than with JPE.

If 0, < by, then for § € [6,,05], JPE is optimal. Managers’ utility exceeds uyg.

If 6 <min{0,,dz}, the managers are paid a fized wage uy and do not share knowl-

edge.

Proof. As by Lemma 3, JPE weakly dominates IPE, it is optimal for n = 2. For n > 3
we need to consider the choice between RPE and JPE.

i.

ii.

1il.

iv.

If § > 07 the total wage bill is ug + ¥ (n — 1) under either JPE or RPE . Thus,

either one is optimal.

Ifo e (QR,SJ), the total wage bill under RPE is ug + ¥ (n — 1) and higher under
JPE. Thus, RPE is optimal for the firm.

If 0, < dp, then for § € [d;,05], RPE cannot support the full sharing equilibrium
and hence JPE is optimal. Since § < §; the manager’s total wage exceeds ug +
U (n—1).

If § <min{d,,dx}, afull sharing is not feasible under RPE and not beneficial under
JPE. The firm then pays the manager a fixed wage uy and does not incentivize

knowledge sharing.

Linking the unit managers’ pay to the performance of their peers is beneficial either

because it limits the deviation profits (under JPE), or lowers the punishment equilibrium

payoffs (under RPE). While the cost of incentives is lower under RPE, it can only be

sustained when the units are patient enough for the lower (future) punishment profits

to outweigh the higher (immediate) deviation profits. Under RPE the firm lowers the
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managers’ profit share and increases the relative-pay component. While in equilibrium
all units profits are the same and no unit is actually paid a bonus (fined) for exceptional
(weak) relative performance, the use RPE gives rise to a relational contract in which
the punishment for deviation is more severe. In contrast, when the units are relatively
impatient, RPE hinders knowledge sharing and therefore should not be used. In some

cases, the use of JPE may allow the firm to maintain cooperation in this case.

4 Additional aspects of organizational design that

support knowledge sharing

4.1 Interunit competition over clients

According to Tsai (2002) “While multiunit organizations encourage interunit knowledge
sharing to realize economies of scope, they also allow interunit competition to achieve
efficiency. Different organizational units not only collaborate with each other to share
knowledge, but also compete with each other to maximize their own benefit. Internally,
they vie for limited resources within the organization. Externally, they try to outperform
other units that offer similar products or services in the marketplace.”

While it may seem that interunit competition can discourage knowledge sharing be-
tween the units, I argue here that interunit competition on clients can be part of an or-
ganizational design intended to support knowledge sharing between the units. Granting
units exclusivity on their clients shields the units from their peers, even if their perfor-
mance lags behind. In contrast, allowing the units to compete internally over clients
would lower the “market share” of under-performing units. Under a knowledge sharing
relational contract between the units, an internal competition over clients increases the
vulnerability of a unit to being excluded from sharing knowledge with its peers. This
in turn helps sustaining the full sharing equilibrium. Internal competition thus acts
similarly to the use of relative performance evaluation (RPE) in the previous section.

To see how this idea can be modeled, assume that the firm has a fixed client base,
normalized for the simplicity to a measure n, as the number of units. Each unit is
assigned an equal number of clients (measure 1), but the firm allows competition over
a share 6 € [0, 1] of them (“competitive clients”), while the unit retains exclusivity over
the rest, 1 — 0. To compete on its peer’s competitive clients, a unit must pay a small
positive fixed cost. This assumption implies that a unit would only compete on its peer’s

clients when it has a strict cost advantage. Absent competition, a unit charges the client
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a price p that equals its willingness to pay. If two units or more compete on a client,
the lowest cost unit wins at a price that equals the cost of the second lowest cost unit.
Denote a unit’s cost when having access to m innovations by c,, where ¢; > c3... > ¢,.
For simplicity assume that ug = 0 and that the firm employs IPE and sets a profit share
Qy.

Consider a full sharing equilibrium, in which all future knowledge sharing with a

deviating unit ceases following a deviation. Under the above assumptions

u = ar(p—c,) —V(n—-1),
u’ = a;(1-0)(p—ci),
uP? = arl(p—cn)+(n—1)0(ch1 —cn)l.

Note that the cooperative profits u¢ are unaffected by the share of competitive con-
sumers. Since in the full sharing equilibrium all units have the same costs, they do not
find it profitable to compete with their peers. Since du’ /00 = —a; (p — c1), an increase
in the share of competitive clients disadvantages a potential deviator in all periods after
the deviation. Because a deviator is excluded from all future knowledge sharing, it has
higher cost than its peers and would lose his competitive clients to them. However, since
ouP /00 = a; (n — 1) (¢,—1 — ¢,), the deviator wins a larger share of competitive clients
in the deviation period itself.

As in Section 3.1, to incentivize knowledge sharing, the firm chooses the minimal

profit share that satisfies the relational contract incentive constraint, i.e.,

U(n—1)
p_cn_(1_5)[(p_cn)+(n_1)9(cn—1_Cn)]_5(]7_01)(1_9).

af

Since o (p—¢,) — ¥ (n—1) > 0 = ug, the manager’s participation constraint is
satisfied. Taking a derivative of the denominator with respect to 6, it can be seen that

a'¢ decreases in 6 if and only if
—(1=0)(n—1)(cp-1—cn)+(p—c1) > 0. (4)

The condition holds for § > § for some § € [0,1) ,where 0 decreases in the clients’
willingness to pay p and increases in n. In this range, increasing the share of competi-
tive clients 0 lowers the cost of incentives to the units’ managers under the full sharing

equilibrium (the equilibrium is supported with similar strategies to those described in
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Section 3.3).% If increasing the share of competitive clients also entails a cost, the firm’s
choice of § would balance this cost against the lower costs of incentives. For example, the
firm may be required to publish competitive internal bids for the "competitive" clients.
Alternatively, internal competition may erode the profits that are extracted from the
competitive clients also on the equilibrium path. This would be the case for example,
if in contrast to the maintained assumption, no fixed cost is required to compete over a

peers’ competitive clients.

4.2 Decentralization of resources

In this section, I explore how the control of the firm’s resources affects knowledge sharing.
Under “centralization” the firm’s center controls all resources and allocates them to the
units based on their productivity at each period. Under “decentralization” the firm
allocates the resources equally to the units at the beginning of the game.

To simplify we consider the case of n = 2. We modify the setup of Section 2 and
assume that in each period t = 1,2, ..., 00 exactly one of the two units innovates with
equal probability. Denote by w; the productivity of unit ¢ in period ¢. Prior to any
knowledge sharing, w;; = a for the noninnovating unit and w;; = @ for the innovating
unit, where a < @. If the innovator shares its knowledge with it peer then wy; = wq; = @.

The firm has a single unit of resources which can be allocated between the units.
Denote by x;; the amount of resources allocated to i, and by m; = wi f (z4) the profit,
where f is increasing and strictly concave. Under decentralization, each unit is assigned
exactly half of the resources at t = 0, whereas under centralization the firm allocates its

resources optimally in every period based on the units’ productivities, i.e., the firm solves

maxlwltf (33'175) + wgtf (1 — LClt) . (5)

0<z1: <

Denote the optimal resource allocation by z (w1, ws) , where  (wq,ws) = 1—2 (we, w1 ).
Since f is strictly concave it immediately follows that = (w,w) = 0.5 and x (w1, wy) > 0.5
if and only if wy; > ws.

Suppose the firm employs IPE and sets a profit share a; to the units’ managers. Con-

sider a full sharing equilibrium, in which the along the equilibrium path, the innovating

8Specifically, in the punishment equilibrium ¢”, a deviating unit & is required to share its innovation
with its peers for T periods, after which cooperation resumes. Units j € M\ {k}, take turn in competing
with k over its competitive clients and thus in each period only one firm pays the fixed cost required to
compete. If unit j deviates from ¢*,all units switch to play o7 in the next period.
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unit shares its innovation with its peer at a cost W. If a unit fails to share its knowl-
edge, all future knowledge sharing between the units ceases. On the equilibrium path,
w1t = woy = a and therefore x1; = x9; = 0.5 under both centralization and decentraliza-
tion. In contrast, upon deviation, under decentralization both units continue to have a
half unit of resources, whereas under centralization the resources are allocated optimally,
ie., T =x(a,a) > 0.5 for the innovator and x = x (a, @) for the non-innovator and where
T=1-—1.

To gain intuition why decentralization can help, note that whereas the full sharing
equilibrium are the same identical under both centralization and decentralization, the
deviation payoff is higher under centralization. Because the resource allocation under
centralization is optimal, upon deviation an innovating unit is “rewarded” with addi-
tional T— 0.5 resources in the deviation period. In addition, the optimal allocation of
resources leads to higher profits under centralization than under decentralization in the
punishment equilibrium. Thus, sustaining the full sharing equilibrium is made easier with
the decentralization of resources, which “commits” the firm to an inefficient allocation
of resources in case knowledge sharing breaks down. The next lemma summarizes the

implications, and shows that decentralization lowers the cost of incentives to the firm.

Lemma 4 Denote by 6 and 6° the minimal discount rates for which the firm opts to
incentivizes the managers to share knowledge under centralization and decentralization,
respectively. Then 6° < §%and for § € [QD , QC] , the firm incentivizes knowledge sharing
only under decentralization. For § > 6%, the firm incentivizes knowledge sharing under
both decentralization and centralization, but the managers’ profit share is weakly lower

with decentralization.

5 Conclusions

Recent research has demonstrated that many significant management practices employed
by successful firms are governed by relational contracts (for an extensive survey, see
Gibbons and Henderson, 2013). This paper contributes to this literature, describing how
relational contracts can help to sustain a consistent exchange of know-how between units
in a multiunit firm. The analysis offers two main insights: First, powered incentives
can help, rather than impede, knowledge sharing in firms, as they increase the monetary
value of future cooperation with peer units. Second, while group incentives can help

the units to internalize the value of their know-how to their peers, the firm can often
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do better by employing relative performance based incentives and committing to other
competitive elements in its organizational design, such as allowing its units to compete
over clients. The competitive environment helps the units to discipline non-cooperative
peers, since when a unit is sanctioned and excluded from the cooperation between the
units in response for non-cooperative behavior, it suffers a cost disadvantage which leads
to a substantial drop in its future compensation. Thus, contrary to a common intuition,
interunit competition can contribute to a strong cohesion between the units and lead to

a higher productivity for the firm.
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A Appendix

A.1 Proofs

Proof of Lemma 4. Under decentralization, the full sharing equilibrium incentive

constraint for the unit that innovated is

5 (a+a)f(05)
1-4¢ 2 - (6)

(67 Ef <O5> —\If—i-% [Oé[ df (05) - 05\11] Z ag Ef (05)+

Under centralization, the incentive constraint for the innovator is

ar af (0.5) — U + %5 [y @f (0.5) = 0.5%]) > oy af (7) + 5 f o [af (7) JQr@f (z)}
(7)

By definition, af (%) + af (z) > af (z) + af (1 — z) for all z € [0.5,1]. Moreover, since
(@—a) f'(0.5) > 0, the objective of the resource allocation problem is strictly increasing

at r1; = 0.5 and thus af () + af (z) > (@+ a) f(0.5).

It follows from (6) that the full sharing equilibrium can be sustained under decentral-

ization if and only if > > d (a;), where

d(ar) = —a7ma —0.50

Ay D)

and is decreasing in «y. Similarly, the full sharing equilibrium can be sustained under

centralization if and only if <>~ > ¢ (ay), where

Vtaralf(z) —f(05)]
ap |af (0.5) — L@@ o5y

c(ar) =

where ¢ (o) is decreasing in o as well. To see this last point, denote A =a[f (T) — f (0.5)] >
Oand B =af (0.5)—w, where B > 0 by concavity. Then, ¢’ (af) < A[ayB — 0.5¥]—
BV + a;A] =[-0.5A — B]¥ < 0.
Next we show that ¢ (ay) > d(aj) for all a;. As the numerator of ¢ («;) is higher
than of d (ay), a sufficient condition is that the denominator is smaller, or
af (T) +af(x) (a—a)f(05)

af(0.5) — 5 < 5 :
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Straightforward derivations show that this condition is equivalent to

IS
V
=4

To show that the sufficient condition holds, write the first-order condition of the resource

allocation problem, (5), as follows:

a_ f'(z)
a f@)
As f is concave,
0.5) —
7)— f(0.5
and thus £(0.5)— f(z)
a_f'z) _ “oss
2" T B

Next, define the minimal profit shares that satisfy the incentive constraint, under
centralization and decentralization, by af (§) and o (§). These minimal profit shares
are implicitly defined by ¢ (o) = 1% = d (aP). Asc(as) > d(a;) and as both functions
are strictly decreasing, of (0) > oP (9) for all 4.

Last, the firm incentivizes knowledge sharing under decentralization if

(a+7)f(05) = 2up
2af (0.5)

of (6) <1-—

and thus as aP (§) is decreasing in 6, there exists §° such that the condition holds for

6 > 6. Similarly, under centralization the firm incentivizes knowledge sharing if

af (Z) + af (z) — 2ug
2af (0.5) ’

of (0)<1-—

which is satisfied for § > 0. Note that the expression in the right-hand side is larger
under decentralization, as (a + @) f (0.5) < af (Z) + af (z). Thus, as P (§) < af (4) for
all 8, it follows that §° < 6°. =

25



A.2 Optimal punishment strategy under RPE

Consider the following strategy profile, o = {Uf}?zl designed to punish unit k& € N.
o has two substages: (i) In the first T > 1 periods, each unit j € N\ {k} shares its
innovation with all of its peers, except for unit k, whereas unit k shares its innovation with
all of its peers. If unit £ fails to share its innovation in any of the first 7" periods, the play
of o* is restarted from period 1. (ii) After T' punishment periods, full sharing between
all units is resumed. At any stage, if a unit j € N\ {k} fails to share its innovation, all
units switch to play the strategy profile o/ which is structured similarly.
In each of the first T" periods of o*, unit j € N\ {k}’s payoff is

m(n) -7 (1)

—U(n—2
n_l (n )7

u=ag|T(n)+z-
while unit £’s payoff is
u=agr(r(l)—zlr(n)—7(1)])-¥(n-1).

Since u < u (defined in the text), unit & is expected to cooperate with its own punishment
in the first T" periods. Its cooperation is achieved using a “carrot and stick” strategy. The
carrot offered to k is that after 7' punishment periods it would be forgiven and brought
back into cooperation with its peers. The stick is that the punishment would be restarted
from period 1 if £ fails to act its part in any of the first 7" periods.

The discounted payoff of unit k& under ¥, as a function of 7' > 0, is

T—1 0o
v (T) = Zét-g—l—ZétuC.
t=0 t=T
Since u < u < u®, there exists Ty > 0 such that v, (Tp + 1) < Zétg = %5 < v, (Ty)
=0

and thus A x v (To + 1) + (1 — A) x vy, (Tp) = =5 for some A € (0,1). Upon deviation,
the length of the punishment period is set to 7' = Ty + 1 in probability A and to T = T
in probability 1 — A.% If k is punished for T periods, its average payoff per period under
o is thus v and equals the lower bound.

While a (“trigger”) strategy by which following a deviation by k all peers would cease

cooperation with k forever would also attain the lower bound w for the punished unit,

9To implement, we may assume the existence of a public coordinating device, a random variable
that is uniformly distributed over [0,1]. Then T =Ty + 1 if § < A and T = Ty otherwise.
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the payoff to all other units in A"\ {k} (“punishers”) under o* is higher. To see why this
is the case observe that the sum of units payoffs under the “carrot-and-stick” strategy is

higher than the trigger strategy. To see why note that under RPE

n

Sui=ar Y mi—arzy (mi—T_) =Y. V,=ary m— > U, (8)
i=1 i=1 =1 i=1 i=1

=1 7

where the second equality follows as zn: (m; —7—;) = 0. Since under the “carrot-and-
stick” strategy, units have access to molr:elinnovations in all periods than under the trigger
strategy the sum of profits net of communication costs must be higher. Finally, since k’s
payoff is the same under both strategies, the profits for all other units unit j € A\ {k}
must be higher. This makes it easier to incentivize them to adhere to the punishment
strategies.

For o* to be a subgame perfect equilibrium, the punished unit £ and all other units j €
M\ {k} must adhere to it. First, if & would choose not to cooperate with its punishment
in any period in the first stage of o and not share its innovations in one of the first 7'
periods, it would get an immediate payoff u, following which ¢* would be restarted from
the first period. The payoff to such deviation is thus

u

u o _
Q+5vk(T):Q+51—_5— 1_5—Uk(T),

i.e., the same as under o*. Next, if a unit j € N\ {k} were to deviate during the first T
periods of o and withhold its innovation from any of its peers in A\ {k}, all units would
switch to play ¢/, lowering j’s payoff to u per period in all future periods. Deviating
from o is not profitable for j € N\ {k} if

(n—2)m(n—1)+x(1)

u>(1=08)ag |m(n)+z[r(n)— —

]| + du. (9)

Last we show that whenever the equilibrium incentive constraint (3) is satisfied, then
the incentive constraint (9) for a unit j € A\ {k} in the punishment equilibrium o* are
satisfied as well, and thus we only need to verify that the equilibrium incentive constraint
holds. Since, by construction, a deviation by unit j leads in both cases to a switch to
o7 in all future periods, then if (3) is satisfied (9) is satisfied as well provided that the

difference between the the discounted collusive payoffs in both cases , is larger than the
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difference in the profits in the period of deviation. That is, if

(n—2)7(n—1)+x(1)

a—u®>(1—06)ag|m(n)+ z[r(n) — N | —=m(n)—2zA(n)|.

n —_—

Rearranging and omitting identical terms from both sides, we get
—1)—7(1

H—UCZ(l—é)oszW(n ) W()

n—1

This condition is satisfied since,

—m (1 —m(1 —1)—7(1
7€ = e =T g 1) g (= 2) > ape WA T =D —r ()
n—1 n—1 n—1
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