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This article rationalizes matrix management in a multiproject organization in which decisions must be adapted to
local conditions but also coordinated with each other. Project managers are privately informed about local conditions
and communicate strategically via cheap talk. Matrix management is modeled as a randomization over deterministic
authority allocations. We show that random authority is strictly optimal when the conflict between adaptation and
coordination is very severe or the coordination need is very small. Moreover, the optimal degree of delegation changes
nonmonotonically in the coordination need when the incentives of the project managers are sufficiently aligned.

1. INTRODUCTION

A central question for the internal organization of a firm is how to allocate authority within
its members.? The traditional unity-of-command principle of management suggests a clear and
single flow of authority from the top of an organization to its bottom. In practice, however, am-
biguity or randomness arises about who will be making certain decisions in matrix organizations,
due to their multiple manager structure.® For example, by investigating project management
in research and development (R&D) organizations, Goodman (1967) argues that “in the in-
dustry as a whole, the structuring of authority apparently has been random.” In this article,
we develop a model to study how random authority (RA) allocation affects an organization’s
overall performance and investigate when RA allocation outperforms deterministic authority
allocations.

We consider an organization with two project managers (“he”) and one functional manager
(“she”).* The interests of the functional manager and the two project managers are misaligned:
The functional manager’s objective is to maximize total profits, whereas each project manager
is biased toward maximizing the profits of his own project instead of those of the overall organi-
zation. To maximize profits, decisions must be adapted to local conditions but also coordinated
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with each other. However, information about local conditions is held by project managers, and
this makes the strategic communication between these managers very important.’

Following the literature, we assume that the organization lacks commitment such that incen-
tive contracts cannot work. Therefore, the only way to provide communication incentives is
through authority allocation. We consider both deterministic and RA allocations in this article.
Specifically, we consider the following deterministic authority allocations: functional author-
ity, where decision rights are centralized to the functional manager; project authority, where
decision rights are delegated to project managers; and mixed authority, where the functional
manager controls one project, whereas the other one is delegated to another project manager.
RA involves a randomization of these deterministic authority allocations.® The game proceeds
as follows: First, the organization chooses authority allocation to maximize expected profits.
Second, after observing the authority allocation and information about local conditions, each
project manager sends a cheap-talk message to influence the posterior beliefs of the potential
decision maker(s) (henceforth DM). The message is observable by both the functional man-
ager and the other project manager. Finally, the DMs are chosen according to the committed
authority allocation, and the decisions are made based on the cheap-talk messages.

We characterize the communication equilibria given an authority allocation in symmetric
organizations, where the two projects are identical. Organizational performance is measured by
the total expected profits in the most efficient communication equilibrium. Allocating authority
to project managers has a natural advantage in terms of adapting decisions to local conditions,
since decisions are made by the managers with the best information about those conditions.
However, it also has a natural disadvantage in coordinating decisions. Therefore, the comparison
of organizational performance under different authority allocations crucially depends on two
parameters: incentive misalignment, which measures the biasedness of each project manager’s
incentives; and coordination need, which measures the relative importance of coordination in
the profit function.

Our main theoretical result suggests that randomization between functional authority and
project authority outperforms deterministic authority allocations under some parameter val-
ues. The optimal authority design depends on two factors: One is the relative importance of
adaptation compared with coordination, whereas the other is the communication quality. Com-
munication quality is the key reason for the optimality of RA. If communication quality does
not change with randomization probability, then there is no need to randomize: The optimal
authority allocation is either functional authority or project authority, depending on the relative
importance of adaptation compared with coordination. RA can be optimal because increasing
the probability assigned to functional authority improves communication quality due to the fact
that the project managers are more willing to share information with the functional manager,
as the interests of the functional manager are better aligned with those of the project manager.
Moreover, the gain in communication quality is a concave function of the probability assigned to
functional authority: As the probability goes up, the marginal improvement in communication
quality diminishes. This creates the possibility that at an interior probability, the marginal loss in
adaptation is equal to the marginal gain in communication quality, and hence the corresponding
RA maximizes the total expected profits.

RA is optimal in two scenarios. In one scenario whenever functional authority and project
authority perform equally well, RA is strictly optimal. Intuitively, this is when the conflict

3 There is a growing literature investigating how the trade-off between adaptation and coordination affects the
delegation of authority in a strategic information transmission environment (e.g., Alonso et al., 2008, 2015; Dessein
et al., 2010; Friebel and Raith, 2010; Rantakari, 2008, 2013).

% In matrix organizations, RA can be implemented through the intervention of upper-level authority. As argued by
Knight (1976), the aim of the intervention is to “strike a balance between functional authority and project authority.”
Another way of implementing RA is from the result of joint bargaining between project managers and functional
managers. We can model this bargaining by letting the functional manager and one project manager simultaneously
send another message chosen from a suitable set of messages. These additional messages determine the allocation of
decision rights through a jointly controlled lottery following Aumann and Hart (2003) and Krishna and Morgan (2004).
As a result, authority allocation is de facto random with predetermined randomization probabilities.
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between adaptation and coordination is most severe, and RA provides a better way to handle
the conflict. By continuity, there then exists a range of incentive misalignment around this
indifference point for which RA is strictly optimal. In the second scenario, given any incentive
misalignment, RA is strictly optimal when the coordination need is sufficiently small. As shown
by Alonso et al. (2008; henceforth ADM), when the coordination need is sufficiently small,
project authority always outperforms functional authority, and there is a huge difference in the
quality of communication between functional authority and project authority. By adding a small
probability of centralization to project authority, the organization can enjoy a big improvement
in communication quality, and hence RA is very likely to improve organizational performance.
On the contrary, as the coordination need approaches infinity, the difference in the quality of
communication between functional authority and project authority vanishes, and hence RA
cannot outperform the deterministic authority allocations in the limit.

We conduct a comparative statics analysis to examine how an increase in the coordination
need affects optimal authority allocation. Given an optimal authority allocation, we measure
the degree of delegation by the probability assigned to project authority. Interestingly, it is
found that the optimal degree of delegation changes nonmonotonically in the coordination
need when the incentive misalignment is sufficiently small. An increase in the coordination
need has two opposing effects on the optimal authority allocation. First, it leads to a higher
probability assigned to functional authority as coordination becomes relatively more important.
Second, it leads to a lower probability assigned to functional authority as the difference in the
quality of communication diminishes. When the incentives are sufficiently aligned, the gain in
coordination is limited, and the optimal degree of delegation converges to one, even when the
coordination need is arbitrarily large. Meanwhile, when the coordination need is arbitrarily
small, the optimal degree of delegation converges to one as well, as adaptation becomes much
more important than coordination. This implies that when RA is optimal, the optimal degree of
delegation has to change nonmonotonically in the coordination need. We show by example that
the optimal degree of delegation first decreases and then increases in the coordination need.
When the incentive misalignment is sufficiently large, the first effect can dominate the second
one, and thus the optimal degree of delegation always decreases in the coordination need.

Our article has three interesting implications for the management of firms in the real world.
First, our article provides a new rationale for ambiguous authority in matrix organizations. It
is widely believed that ambiguous authority is a significant weakness of matrix organizations
(Sy and D’Annunzio, 2005). Our theoretical finding shows the opposite: RA is sometimes
beneficial and can improve organizational performance. This, in turn, suggests that managers
and employees must be trained to be tolerant of the ambiguity inherent in matrix organizations.
Second, one determinant of coordination need is the uniqueness of local conditions: The relative
importance of coordination declines as the local conditions become increasingly unique and
require the expertise of the project managers. Hence, our model implies that matrix management
is likely to be adopted when local conditions are very unique. This implication is consistent with
some informal evidence. For example, Burns and Wholey (1993) find that matrix management
is often adopted by hospitals facing great complexity. Historically, the two-boss matrix system
worked very effectively for the aerospace industry: One boss focused on technical excellence
and owned the specialists, whereas the other acted like a general contractor (Gottlieb, 2007).
This is another situation where the local conditions are very unique.

Finally, our article provides a theoretical foundation for the organizational configurations of
multinational firms. As argued by Guillen (2006) and Porter (1986), a multinational firm will
adopt different strategies depending on the degrees of geographical dispersion and organiza-
tional coordination. If the firm faces a relatively low degree of dispersion and a high degree of
coordination in marketing and sales activities, the optimal strategy is to be a global exporter for
whom production is largely concentrated in the home country. If, on the contrary, the firm faces
arelatively low degree of coordination and a high degree of dispersion, a multidomestic strategy
enables the firm to focus on local adaptation, whereas cross-border organizational coordination
is kept to a minimum. If the firm faces both a high degree of coordination and a high degree
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of dispersion, the conflict between adaptation and coordination is most severe. Consistent with
our theoretical prediction, a transnational strategy based on a matrix structure is adopted in this
situation to allow the firm to simultaneously pursue local adaptation and global coordination.

The remainder of the article is organized as follows: Section 2 reviews the related litera-
ture. Section 3 describes the model and characterizes the communication equilibria under RA.
Section 4 analytically investigates when RA is optimal. Section 5 concludes the article.

2. RELATED LITERATURE

From a modeling perspective, our article is closely related to ADM. They only compare
centralization (corresponding to functional authority) and decentralization (corresponding to
project authority) in symmetric organizations and show that the optimal degree of delegation is
nonincreasing in the coordination need. Our article provides a more complete characterization
of the optimal allocation of authority in symmetric organizations and shows that RA allocation
can outperform deterministic authority allocations. Moreover, by considering RA, we find that
the optimal degree of delegation can be nonmonotonic in the coordination need.

In the literature, Harris and Raviv (2002) provide the pioneering theoretical study that
investigates when matrix organization can be optimal. However, in Harris and Raviv (2002),
the main difference between the matrix organization and functional/project authority stems
from the number of middle managers: Matrix organization has the highest number of middle
managers and hence has the highest probability of finding coordination opportunities as well.
Naturally, this implies that matrix organization is optimal when the cost of employing middle
managers is low (compared to the opportunity cost of the CEO). Although the insight is
important, we feel that Harris and Raviv (2002) ignore many other important aspects of matrix
organizations, such as communication incentives and ambiguity of authority. This motivated us
to create a new model that incorporated these issues.

Our article is also related to Ederer et al. (2014). Both papers aim to explain the existence
of “strategic ambiguity” in organizations.” They show that for a multitask principal-agent envi-
ronment, randomization between two compensation schedules can effectively prevent gaming
and induce more balanced efforts. Therefore, it is optimal to introduce a random contract if the
degree of complementarity is sufficiently high to overcome the risk imposed by randomness.
However, in our article, RA is likely to be suboptimal if the degree of complementarity is high
(large coordination need), because the difference in communication quality diminishes

The idea of RA is different from contingent allocation of authority, which is viewed as
another reason for the existence of strategic ambiguity on authority allocation. In this branch
of literature (e.g., Aghion et al., 2004; Garicano and Santos, 2004; Krahmer, 2006), there is a
deterministic rule that decides how authority is allocated when certain contingencies occur, to
better handle major changes in the environment, unexpected events, or the advent of special
problems. In our article, however, authority is randomly allocated to better handle the trade-off
between adaptation and coordination.

One may argue that it is not surprising that RA can be optimal. In the standard Crawford—
Sobel cheap-talk game, introducing uncertainty indeed enables improved information trans-
mission (Krishna and Morgan, 2004).® Although the stochastic mechanism considered by
Krishna and Morgan (2004) can always outperform all cheap-talk equilibria, random authority
cannot always outperform deterministic authority allocations. In particular, in the standard
Crawford-Sobel cheap-talk game, RA is always suboptimal.” The key intuition is that the set
of corresponding cheap-talk equilibria does not change as we change the probability of central-
ization. As a result, total expected profits are simply a convex combination of expected profits

7 In organizations, the term “strategic ambiguity” means intentionally being nontransparent about certain practices.

8 However, as shown by Golstsman et al. (2009) and Kovac and Mylovanov (2009), the optimal communication
mechanism is deterministic in this setting.

9 The comparison of centralized and decentralized organizations in the standard Crawford-Sobel cheap-talk game
has been investigated by Dessein (2002).
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under functional authority and those under project authority. Hence, RA can never improve
organizational performance. With two projects, as we change the probability of centralization,
the communication incentives and the set of possible cheap-talk equilibria will also change. As
a result, RA may outperform deterministic authority allocations.

3. THE MODEL

3.1. Setup. Consider an organization consisting of two operating projects (j = 1,2), and
three players: two project managers in charge of the projects and one functional manager.
Project j generates profits that depend on its local conditions, described by 6; € R, and on the
decisions taken in both projects, d; € R and d, € R. In particular, the profits of project j are
given by

nj = —(d; — 6;)* — 8(d; — di)*.

The first squared term captures the adaptation loss that project j incurs if decision d; is not
perfectly adapted to its local condition 6;, and the other squared term captures the coordination
loss that project j incurs if the two decisions are not perfectly coordinated. Parameter § € R,
measures the relative importance of coordination in the profit function.

3.1.1. Information. Each project manager j privately observes his local information 6; but
does not know the realization 6;.;. The functional manager does not observe any private
information. It is common knowledge, however, that 6; is uniformly distributed on [—s;, s;],
with s; € R;. The draws of 6; and 6, are independent. Throughout this article, we focus on
symmetric organizations (i.e., s; = s, = s).!°

3.1.2. Preferences. The functional manager’s objective is to simply maximize the total profits,
and thus Upy = }_; ;. Manager j has a preference such that U; = An; + (1 — A)m;z;, where

Aj € [%, 1]. Obviously, when A = %, the incentives of the functional manager and the project

managers are perfectly aligned; when A > %, manager j is biased toward his own project’s
profits. Parameter A thus captures the incentive misalignment in the organization.

3.1.3. Potential authority allocations. So far, our model setup is exactly the same as the one in
ADM. The main difference lies in the possible authority allocations. In this article, we consider
the following deterministic authority allocations:

(1) Functional Authority: Both of the decision rights are held by the functional manager (F).

(2) Project Authority: Both of the decision rights are held separately by project managers
(P).

(3) Mixed Authority 1: The functional manager controls project 1 and delegates project 2 to
manager 2 (M1);

(4) Mixed Authority 2: The functional manager controls project 2 and delegates project 1 to
manager 1 (M2).

Obviously, functional authority and project authority correspond to centralization and de-
centralization, which has been analyzed by ADM, respectively. Mixed authority corresponds
to partial centralization, which has been analyzed by Rantakari (2008).!! On top of these four
deterministic authority allocations, we allow a general RA allocation, where the organization
commits to deterministic authority allocations with a probability vector p = (p1, p2, 03, P4),
where p; is the probability of using deterministic authority allocation i. Obviously, our setting

10 The analysis of asymmetric organizations (i.e., s;  s7) can be found in the Online Appendix.
1 Rantakari (2008) also considers directional authority, where both of the decision rights are held by one project
manager. We do not allow this possibility because it is obviously suboptimal in our symmetric setting.
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Random authority design Project managers observe local conditions Authorle allocation is realized
and send cheap-talk messages and decisions are made
FIGURE 1
TIMELINE

includes the deterministic authority allocations if p; = 1. Although the organization can com-
mit to a RA allocation rule, it lacks commitment such that incentive contracts cannot work in
our model. Therefore, the only way to provide communication incentives is through authority
allocation, and for simplicity, we assume that communication occurs only in one round.

RA captures the key features of matrix organizations quite well. In matrix organizations,
functional authority is overlayed by project authority. To solve this dual authority problem,
“the use of an ambiguous authority definition was the most common adaptation” (Goodman,
1967), and this creates situations that call for the intervention of an upper-level authority. As
argued by Knight (1976), the aim of the intervention is to “strike a balance between functional
authority and project authority.” In other words, the upper-level authority will swing between
functional authority and project authority to seek a balance of power. This can be viewed as a
way to implement RA."

As shown in Figure 1, the game proceeds as follows: First, a (possibly random) authority al-
location p = (p1, p2, 3, P4) is chosen to maximize the total expected profits E[r; + m,]. Second,
the local conditions 6; are realized and observed by project manager j. And then, prior to the
realization of ex post authority allocation, manager j € {1, 2} simultaneously sends cheap-talk
messages m; € M = [—s, 5], knowing the committed authority allocation p = (p1, p2, 3, p4).
The messages are observable to all players. Finally, the authority allocation is realized, and
decisions d; and d, are made. Each DM makes the decision(s) given the cheap-talk messages
and realized authority allocation.

3.2. Equilibrium Analysis. In this section, we provide a complete characterization of the
communication equilibria under the authority allocation p = (p1, 02, 03, p4). Following the lit-
erature, we consider perfect Bayesian equilibria of the game, which are characterized by three
features: (a) communication rules p;(m;|6;) for the project manager j € {1, 2}, which specify
the probability of sending message m; € M; conditional on the observed state 6;; (b) deci-
sion rules for the DMs; and (c) belief functions g;(6;|m;) for the receivers of message m;.1* In
Section 3.2.1., we first characterize decision making under different deterministic authority allo-
cations, taking as given the DMs’ posterior beliefs over 6;. Sections 3.2.2 and 3.2.3 characterize
the communication equilibria, and Section 3.2.4 derives organizational performance under the
authority allocation p = (p1, 2, 03, 04)-

3.2.1. Decision making. Under functional authority, the functional manager chooses {d;, d>}
to maximize E[m; + m,|m], where m = (my, m,). ADMs have shown that decisions are convex
combinations of the functional manager’s posterior expectations of §; given m:

d{ = yrE[61Im] + ypE[6:|m],
(M di = ypE[611m] + yrE|[6:]m],

12 In reality, the intervention can be affected by factors such as corporate culture. It fits our model as long as these
factors are payoff irrelevant.

13 Since the local conditions are independently distributed, the receivers can only update their beliefs from the
messages received. In other words, belief g; only depends on m;.
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where yr = (1 +28)/(1 +48), yr = 28/(1 + 49).
Under project authority, manager j € {1, 2} chooses d; to maximize E[U;|m] given the other
manager’s strategy. From ADM, decisions are given as below:

df = (1 — k)6, + ypE[611m] + y,E[6:|m],
() dy = (1 — k)0> + ypE[611m] + ypE[6:]m],

where k = 8/(. +8), yp = k8/(A +28), vp = k(A + 8) /(A + 25).

Under mixed authority 1 (M1), the functional manager chooses d; and manager 2 chooses d;.
Similarly, decisions are convex combinations of the local conditions and the posterior expecta-
tions about local conditions E[6; |m]:

1 28
dM' = ——_E[g —2° _Eldy|m],
1= T tleml + s Eldlm]

A s
3 at = 6, + ——E[d, |65, m].
3) > =t s Pl m

Notice that E[d,|m] and E[d;|6,, m] can be obtained by taking the expectations over
Equation (3). Substitute them back into Equation (3) and we can obtain the equilibrium deci-
sions rules

d)"" = yyE[011m] + vy, E[621m],
4) A" = (1 — k)6, + kyyE[611m] + kyyE[6:1m],

where k =8/(A +8), yu = (A + 8)/(A + 8 +248), v}, = 218/(A + § + 213).
The analysis for mixed authority 2 (M2) is similar, and the equilibrium decision rules are
given below:

d¥? = (1 — k)61 + kyyE[611m] + kyumE[6:21m],
(5) db? = y,,E[61|m] 4+ yuE[62]m].

It can be seen that as § increases, the project manager(s) with decision rights puts less weight
on her private information and more weight on a weighted average of posterior beliefs. When
8 — oo, the equilibrium decisions d; and d, will both converge to 1(E[6|m] + E[6,m]) under
functional authority and project authority and to 1+%(E[Qdm] + 2AE[0;.;/m]) under mixed
authority i.

3.2.2. Strategic communication and information distortion. 'To analyze communication equi-
libria under RA, it is useful to first calculate project managers’ incentives to misrepresent in-
formation. As in ADM, we need to determine the optimal expectation that the sender expects
others to hold. Denote by v; = E[6;|m] the receivers’ expectation of 6; given that the received
message is m, and suppose manager j can simply choose any v;. Then, the optimal expectation
vi manager j would like others to hold should satisfy

(6) v; = argmax, E[U; |d®4, 6;].
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Then, we can define the degree of information distortion b/}e , for manager j € {1, 2} under a
fixed authority allocation p = (p1, 02, 3, p4) as

K
Vi

— 0,

Dralp) =
]

Employing the law of iterated expectations, we can solve the explicit expressions of b]k , under
any authority allocation p, which turns out to be independent of 6;

(7) b}m(,o) - 14+ X](,Ol, P2, P3, ,04)7 b%m(,o) — 14 X](,Ol, P2 P4, /03)7
Xz(pl, P2, P3, ,04) Xz(m, P2, P4, ,03)

where

x1(p1. 02, p3. ps) = pirve + p2{Aye — (1 = k)[Ayp + 8(yvp — vp)I} + p3hym
+ pa{akyyy) — (1 = K)[a(kyyy) + 8(kyh — viDl}

and

x2(p1, p2, p3, p3) = pi{dye + (1= D) + 8(vr — Vi)’
+ o2 {hvp + (1= V) () +8(ve — vp)’}
+ o3 {avay + (1= 2)(kya)* + 8(vm — kym)’}
+ pafalkyy)” + (1= 2)(va)” + 8(kyay — van)*}-

Obviously, when p; =1, b}e A= b%e 4 = br, which measures the incentives to misrepresent
information under centralization in ADM; when p, =1, b]R 4= b%e . = bp, which measures the
incentives to misrepresent information under decentralization in ADM; when p3 = 1,bk . = b},
and b3, , = b3,,. It is straightforward to show that

by, > br, bp>br, and bp> b3,.

Manager i is more willing to convey information if the decision d;; is taken by the functional
manager, because the preferences of a project manager are more closely aligned with those
of the functional manager than with those of the other project manager. However, b}, can be
either higher or lower than b%,,.

3.2.3. Equilibrium characterization. Under authority allocation p = (p1, p2, 3, p4), We say a
combination of communication rules, decision rules, and belief functions {p1, p», d1, d>, q1, ¢}
constitutes a perfect Bayesian equilibrium if (i) whenever p;(m;|6;) >0, then m; €
argmax,,. \ E[U;|d, 6;, p]; (ii) the decision rules d;(.) satisfy Equation (1) ((2), (4), and (5),
respectively) once functional authority (project authority, mixed authority 1, and mixed au-
thority 2, respectively) is realized; and (iii) the belief functions satisfy the Bayes rule whenever
pOSSib]G; that iS, qj(0j|m) = pj(m,-|9,-)/ fP pj(m,-|6,-)d9j,where P = {9]' :p,-(mjlej) > O}

As in Crawford and Sobel (1982) and ADM, all equilibria are interval equilibria. The state
space [—s, 5] is partitioned into intervals, and project manager j only reveals some information
indicating which interval the local condition ; belongs to. Denote by ¢;;,i € {0,1, ..., N} the
dividing points of the partition with ;o = —s and ¢; y = s. Then, ¢;; satisfies the difference
equation stated in the following lemma. The proofs of the following and all subsequent results
can be found in the Appendix.
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LemmA 1 (ComMUNICATION EQUILIBRIA). Given any § € (0, co) and any probability vector p,
then for every positive integer N;, j € {1, 2}, there exists at least one equilibrium (p(.), d;(.), g;(.))

satisfying

(1) p;(m;|0;) is uniform, supported on [t; i1, t; ;] if 0; € (tj,i-1, tj.i);

(2) q;j(0;lm;) is uniform, supported on [t; i1, t; ;] if mj € (-1, 4;:);

(3) tii1 —tji=tj;i—tji1 +4bptj; for i=1,2,...,N; — 1, with by, defined by Equation
(),

(4) d;(m, 0;) = d; forj e {1,2Yand ! € {F, P, M1, M2} that are defined by Equations (1), (2),
(4), and (5), respectively.

Lemma 1 illustrates all the outcome-equivalent interval equilibria under the RA allocation
o0 = (p1, P2, p3, p4). On the one hand, communication is noisy, as long as the managers’ in-
centives are not perfectly aligned; on the other hand, for any § > 0, some information will
be communicated to reduce the losses from miscoordination. Moreover, Lemma 1 also shows
that the number of equilibrium intervals can be constructed to approach infinity because at
state 6 = 0, the incentives of the sender and the receivers are perfectly aligned. Following the
literature, we will focus on the limiting equilibrium as N; — oo, which is the most efficient
equilibrium that maximizes the total expected profits.'*

Lemma 2 (ErriciEncy).  For j € {1,2}, the limit of strategy profiles and beliefs
(pj(.).d;j(.), qj(.)) as N; — oo is a perfect Bayesian equilibrium of the communication game. In
this equilibrium, the total expected profits E[ij’:l ;] are higher than in any other equilibrium.

3.2.4. Communication quality and organizational performance. This subsection computes
communication quality and organizational performance under RA. Following ADM, com-
munication quality is defined as the residual variance of the information communication:
E[(6; — E(6;Im;))*]. The explicit expression of communication quality is shown in the following
lemma.

LemMMA 3 (CoMMUNICATION QUALITY). In the most efficient equilibrium, the communication
residual variance is given by

(8) E[(6; — E[6;1m;])*] = S, (0)o” for j € (1,2},

b 2
110 gpd o2 = £,
344D 4 () 3

where S’}eA(p) =

Lemma 3 is analogous to Lemma 1 in ADM, which shows that S; = %ﬁb[ for [ = {F, P}. The

proofs are thus omitted. 1 — S}, can be viewed as a measure of communication quality. As
bl increases, the senders have a stronger incentive to misrepresent information, and hence
communication quality will decline. Based on this lemma, we can further calculate the organi-
zation’s expected profits in the most efficient equilibrium under RA, and these profits are used
to measure organizational performance. Obviously, an increase in Sg4 reduces communication
quality, and leads to a decrease in the expected profits.

14 See, e.g., Chen (2011), Chen et al. (2008), and Mathews et al. (1991).
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ProposITION 1 (ORGANIZATIONAL PERFORMANCE). Under the RA structure p, the organization’s
expected profits in the most efficient equilibrium are given by"

wra(p) = = p1 {24F + (1 — Ar) (Sga(p) + Ska())} 07
— 02 {24 + B (Ska(p) + Skap)) } o
) — 03 {2Am + (BuSka(p) + CuSia(p))} 0>
— P4 {240 + (CuSpa(o) + BuSia(p))} o
where
2 202488, (4P +6175+267 — 278 8(84 207 +4807)
P awas T o2 T oo 28 M T 5+ At 200y
(1+28)A(28 + 1) 4820.(8% + A3 + 8 + 2613)
10 By = , and Cy; =
(10) M= T2 M T TR0 + A+ 20)2

Equation (9) indicates an important feature of our model. In the standard Crawford—Sobel
cheap-talk game, the set of cheap-talk equilibria does not change as we change the probability of
centralization. As a result, the total expected profits are just a convex combination of expected
profits under functional authority and those under project authority. However, in our model,
the set of cheap-talk equilibria changes as we change probability vector p. This is reflected by
the change in communication quality Sg4. Therefore, the total expected profits are nonlinear
in the probability p;. This implies that there may exist an interior probability vector p, which
maximizes the total expected profits.

In our model, it is crucial to assume that the messages are observable to all players. If
communication is private and the project managers can send different messages to differ-
ent players, then the above feature may disappear. For example, let p3 = py = 0, and then
the change of p; and p; has no impact on the set of cheap-talk equilibria at all. No matter
what p is, it is always an equilibrium such that the project managers privately communi-
cate with the functional manager following an arbitrary cheap-talk equilibrium under func-
tional authority, and meanwhile, they privately communicate with each other following an-
other arbitrary cheap-talk equilibrium under project authority. In this situation, RA is always
suboptimal.

4. OPTIMAL AUTHORITY ALLOCATION

This section investigates optimal authority allocation on the basis of the previous section. It
seems very intuitive that RA can be optimal. In principle, when the organization is restricted
to choosing deterministic authority allocations, the authority allocation chosen may not fully
adjust to the change of underlying environments, and this undermines the organization’s ability
to handle the trade-off between adaptation and coordination. Introducing RA thus helps the
organization to change the authority allocation smoothly to better balance adaptation and coor-
dination. The main question is under what conditions RA outperforms deterministic authority
allocations.

This section is organized as follows: First, Section 4.1. shows the suboptimality of mixed au-
thority in symmetric organizations and paves the way for characterizing the optimal (random)

151t is straightforward to check that when p; = 1, ngq = 7F = —Z(Ap +(1- AF)SF)O'Z, and when p) = 1, gy =

p=-2 (Ap + BPSP)O'Z. Thus, the expected profits calculated in ADM are special cases of our results.
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authority allocation. Section 4.2. first numerically depicts the optimal authority allocation and
then theoretically derives different scenarios under which RA outperforms deterministic au-
thority allocations . Section 4.3. investigates how the optimal degree of delegation changes with
the underlying parameters.

4.1. Suboptimality of Mixed Authority. From Proposition 1, the optimal authority allocation
solves

Max wra(p1, 02, 03, P4)

4
(11) st.pj€[0,1], and > p;=1.
j=1

Rantakari (2008) shows numerically that mixed authority is always dominated by either
project authority or functional authority in symmetric organizations since it is suboptimal to
treat the two identical projects differently. But this intuition cannot apply if RA is allowed.
Naturally, one may wonder whether p3 = ps > 0 can be optimal. The next observation compares
two extreme cases: p; = (0.5, 0.5,0,0) and p, = (0, 0, 0.5, 0.5), and finds that it is never optimal
toset p3 = pg = %

OBSERVATION 1. For any pair of (A, 8), the organizational performance satisfies T1(py) > T1(p,).

Under both py and p, Sk, = %, = Sra. Then, the comparison of I1(p,) and I1(p,) consists of
two parts: (i) the comparison of adaptation loss, which is Ar + Ap — 2Ay, and (ii) the compari-
son of coordination loss, which is (1 — Ar + Bp)Sra(p1) — (By + Cu)Sra(p2). It can be verified
that the adaptation loss is larger under p;: Ar + Ap — 2Ay < 0, and the coordination loss is
larger under pi: 1 — Ap + Bp — (By + Cy) > 0. Moreover, the difference in communication
quality is small since under both p; and p», the decision rights of each project are held by the
functional manager with probability 0.5 and held by the project manager with probability 0.5.
As Sga < ;11 and 1 — Ar + Bp — (By + Cy) = 2Ay — Ar — Ap, the adaptation loss dominates
the coordination loss, and this implies that I1(p;) > TI1(p,).

Following the idea of Observation 1, we can intuitively conjecture that any authority allo-
cation (p1, P2, p3, p4) With p3 = ps > 0 is suboptimal, because the organizational performance
can be improved by switching to authority allocation (p1 + €, p2 + €, p3 — €, ps — €) (€ > 0 suf-
ficiently small). The proof, however, is very tedious, and can be found in the online Appendix.
Furthermore, we prove in the online Appendix that it is always suboptimal to set p3 > 0 or
pg > 0.

PROPOSITION 2. In symmetric organizations, it is always suboptimal to include mixed authority
in the authority allocation (i.e., any p = (p1, p2, 3, 1) With p3 > 0 or ps > 0 is suboptimal 16

4.2. When Is Random Authority Optimal? In symmetric organizations, Proposition 2 en-
ables us to simply focus on randomization over functional authority (the functional manager
makes both decisions) and project authority (project managers independently make their deci-
sions). Since p3 = p4 = 0, both project managers have identical degrees of information distortion
bra from Equation (7), and thus we have Sk, = S%, £ Sga. The organization’s expected profits
in the most efficient equilibrium then can be expressed as

(12) mra = —2{[P1AF + p2Ap] + [p1(1 — AF) + p2Bp]| Sga} o7,

16 Tn the working paper version, we also show that the optimal authority allocation can include mixed authority as
long as the two projects are not identical (i.e., 51 # 52).
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FIGURE 2

OPTIMAL AUTHORITY ALLOCATION IN TWO DIMENSIONS

where the coefficients are given in Equation (10).

We first numerically depict the optimal authority allocation in the (1, §)-space. The top-left
triangle of Figure 2 is the region where project authority is optimal, the top-right triangle is the
region where functional authority is optimal, and the bottom triangle is the region where RA
is optimal. If we only consider deterministic authority allocations, the dashed line in Figure 2
is the boundary of the functional authority region and the project authority region as shown in
ADM. The findings in Figures 2 can be summarized as follows.

Small § (§ < 0.25890): As shown by ADM, when coordination need § is less than 0.19257,
project authority always outperforms functional authority. We obtain two more insights by
considering RA. First, no matter how small the coordination need is, adding some minor prob-
ability of centralization into project authority can always improve organizational performance.
Second, for any coordination need § € (0, 0.25890), RA is strictly optimal when the incentives
are sufficiently misaligned and vice versa.

Large § (§ > 0.25890): If § is large, there exists a unique A (shown by the dashed line) at which
functional authority and project authority perform equally well. RA is strictly optimal in an
interval of A around this indifference point. This interval shrinks as § increases and eventually
degenerates into a single point as § approaches infinity.

Based on the above numerical findings, the next theorem fully characterizes under what
conditions employing RA can better handle the trade-off between adaptation and coordination.

THEOREM 1. RA outperforms deterministic authority allocations in the following circum-
stances:

(1) Whenever functional authority and project authority have the same organizational perfor-
mance, RA is strictly optimal.
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(2) Fix any ) > 0.5. There exists 5(1) > 0 such that RA is strictly optimal whenever 0 < § <
s(1).

(3) Fix any § > 0. There exist A and X such that 0.5 < A < A <1 and RA outperforms deter-
ministic authority allocations whenever ) € (A, ). Moreover, as § approaches infinity, the
set of A under which RA is strictly optimal converges to a measure zero set.

Authority allocation affects the quality of public communication in the organization, which
is the driving force of Theorem 1. As the interests of the functional manager are better aligned
with those of the project manager, the project managers have a stronger incentive to com-
municate with the functional manager (vertical communication) than to communicate with the
other project manager (horizontal communication), and hence 1 — Sg > 1 — Sp. Randomization
between functional authority and project authority achieves communication quality 1 — Sga(p),
which lies between 1 — S and 1 — Sp. Moreover, as we increase the probability of central-
ization, communication quality 1 — Sga(p) will increase in a concave way: The marginal in-
crease becomes higher as the probability p; decreases and vice versa. As we increase the
probability of decentralization, communication quality 1 — Sg4(p) will decrease in a con-
vex way: The marginal decrease becomes lower as the probability p, decreases and vice
versa.

The change of communication quality makes it possible that RA better handles the trade-
off between adaptation and coordination. Under functional authority, the functional manager
lacks the right information to adapt to local conditions, whereas under project authority, local
managers lack the right incentives to ensure effective coordination. Suppose first that project
authority outperforms functional authority. Compared to project authority, RA improves com-
munication quality by occasionally centralizing decision making, but the possibility of central-
ization also leads to an adaptation loss. Since the loss is linear in the probability of centralization,
by adding a small probability of centralization to project authority, the gain in communication
quality may outweigh the loss. In particular, this could occur when (i) the difference between
the adaptation advantage of project authority and the coordination advantage of functional
authority is small, or (ii) the difference in the quality of horizontal and vertical communication
is large, leading to a large gain in communication quality. If, on the contrary, functional author-
ity outperforms project authority, adding a small probability of decentralization to functional
authority improves adaptation, but reduces communication quality. In this case, RA may out-
perform functional authority when (i) the difference between the coordination advantage of
functional authority and adaptation advantage of project authority is small, or (ii) the difference
in the quality of horizontal and vertical communication is small.

In summary, whether RA is optimal crucially depends on the difference in comparative
advantage and the difference in communication quality. RA is more likely to be optimal when
the difference in comparative advantage is small. When project authority outperforms functional
authority, RA is more likely to be optimal when the difference in communication quality is
large and vice versa. An increase in the coordination need § or the incentive misalignment A
will increase the relative comparative advantage of functional authority over project authority:
As coordination becomes more important or incentives become more misaligned, it is more
likely that functional authority dominates project authority. Meanwhile, as shown by ADM, an
increase in § will decrease the difference in communication quality, whereas an increase in A
will increase the difference in communication quality.

Based on the above discussions, we can provide very intuitive explanations for each assertion
in Theorem 1. First, when functional authority and project authority perform equally well,
the conflict between adaptation and coordination is most severe, and hence the difference
in comparative advantage is very small. Then, RA can improve organizational performance
by better handling the trade-off between adaptation and coordination. By continuity, there
exists a range of incentive misalignment around the indifference point for which RA is strictly
optimal. From Figure 2, the range is not symmetric around the indifference point. When project
authority dominates functional authority, RA is more likely to be optimal. This is because the
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dashed line in Figure 2 is downward sloping, implying that at this line, either the difference
in communication quality is very large (large ) or coordination is relatively very important
(large §). Both make RA more likely to dominate project authority and less likely to dominate
functional authority.

Second, when § > 0is very small, the difference in communication quality is very large, but still
project authority outperforms functional authority because adaptation is much more important.
Adding a small probability of centralization to project authority thus can induce a huge gain
in communication quality. If § > 0 is sufficiently small, the gain outweighs the adaptation loss
and makes RA optimal. Moreover, we see from Figure 2 that for any fixed small coordination
need, RA is strictly optimal when the incentives are sufficiently misaligned and vice versa. This
is because the difference in communication quality increases in the incentive misalignment A.
As A becomes larger, RA is more likely to be optimal since the difference in communication
quality increases.

Finally, the limiting result of § — oo can be understood by considering two cases. First, when
A is small such that project authority outperforms functional authority, it becomes less profitable
to employ RA as § — oo, since the difference in communication quality vanishes. Second, when
A is large such that functional authority outperforms project authority, RA is suboptimal too,
since the difference in comparative advantage is very large. As § goes to infinity, the set of A
under which RA is strictly optimal converges to {é—;}. At this point, functional authority, project
authority, and all randomization between these two deterministic authority allocations generate
the same expected profits.

In practice, there are both successful and unsuccessful stories of matrix management. On the
one hand, we have seen a proliferation of matrix organizations in a variety of industries such
as aerospace, automotive, banking, chemical, communications, computer, defense, electronics,
financial, and energy (Davis and Lawrence, 1978; Galbraith, 2000). On the other hand, matrix
management has also caused many failures. For example, GE had experienced success using
a matrix form in their aircraft business, but its application in the appliance business failed and
was abandoned (Anderson, 1994). People at various levels at Xerox referred to their matrix
structure as the culprit behind their company’s decline in the 1980s (Gottlieb, 2007).

Our theoretical predictions provide explanations for the success or failure of matrix manage-
ment in different firms and shed light on why organizations adopt or abandon matrix structures.
These predictions can be tested using cross-sectional data. For example, Burns and Wholey
(1993) surveyed 1,375 hospitals, and found that 346 hospitals or 28% of those responding had
adopted matrix management between 1961 and 1978. Of these, 96 hospitals abandoned matrix
management during the same period. This data set can be used to test our theory if we could
obtain more information on coordination need and incentive misalignment.

4.3. Comparative Statics. Given an optimal authority allocation, we can define the optimal
degree of delegation by pj. This subsection investigates how p} changes with the underlying
parameter. Our next theorem shows that the optimal degree of delegation changes nonmono-
tonically in coordination need § when incentives are sufficiently aligned.

THEOREM 2. For any \ € (% %), the optimal degree of delegation changes nonmonotonically
in coordination need 4.

This result seems very surprising because if we only consider deterministic authority allo-
cations, the optimal degree of delegation should be nonincreasing in § as shown by ADM.
Intuitively, as coordination becomes relatively more important, there should be a natural ten-
dency toward centralization to improve coordination. This intuition turns out to be incomplete
because it neglects the effect on communication quality. As coordination becomes relatively
more important, the difference in communication quality diminishes as well.

Therefore, an increase in the coordination need has two opposing effects on optimal authority
allocation. On the one hand, to pursue better coordination, it is optimal to assign a higher
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FIGURE 3

OPTIMAL DEGREE OF DELEGATION AS A FUNCTION OF §: (A) A = 0.6 AND (B) 2 = 0.8

probability to functional authority. On the other hand, as the difference in communication
quality diminishes, it is optimal to assign a lower probability to functional authority. When the
incentives are sufficiently aligned, the gain in coordination is limited so that the adaptation
advantage of project authority always outweighs the coordination advantage of functional
authority. Hence, as the difference in communication quality vanishes (when the coordination
need is arbitrarily large), the optimal degree of delegation must converge to one to pursue the
adaptation advantage. Meanwhile, when the coordination need is arbitrarily small, the optimal
degree of delegation converges to one as well, as adaptation becomes much more important
than coordination. From Theorem 1, for any A € (%, %), p5 < 1for § € (0, 8). Then, the optimal
degree of delegation must satisfy p5 — 1as§ — 0 or§ — 4. This, in turn, implies the property of
nonmonotonicity as pj is continuous in 6. Panel A of Figure 3 shows a numerical example where
A = 0.6. In this case, the optimal degree of delegation, pj3, first decreases and then increases in
3.

Ifa> %, it is difficult to obtain an analytical result on comparative statics. Intuitively, when
the incentives are sufficiently misaligned, the coordination advantage of functional authority
outweighs the adaptation advantage of project authority when coordination is sufficiently im-
portant. Although an increase in § has two opposing effects, we may thus conjecture that the
coordination effect may always dominate the communication quality effect. As a result, the
optimal degree of delegation, p3, is monotonically decreasing in §. Panel B of Figure 3 confirms
this when 1 = 0.8.

Figure 4 numerically describes how the optimal degree of delegation changes with A for
a given 4. An increase in A also has two effects on optimal authority allocation. First, the
increase of incentive misalignment reduces the project managers’ incentives to coordinate with
each other, which requires that a higher probability be assigned to functional authority to
promote coordination. Second, the increase of incentive misalignment increases the difference
in communication quality, which also makes it more profitable to assign a higher probability to
functional authority. Since these two effects work in the same direction, p5 should decrease in
A, as shown in Figure 4.

The predictions on comparative statics can potentially be tested using panel data. In particu-
lar, if there is an exogenous variation in the coordination need in a group of firms, we may exploit
this variation to investigate the effect on degree of decentralization. The model suggests a non-
monotonic response when managers put a heavy weight on firm-wide profits and a monotonic
response when managers are very biased toward their own projects. The test of this prediction
is based on the construction of a continuous measure of the degree of decentralization, which
can be done by asking a number of senior managers which of a list of critical project decisions
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are or are not within the authority of the functional manager.!” The higher the agreement that
functional manager has authority over the project, the lower the degree of decentralization.

5. CONCLUDING REMARKS

Optimal authority allocations within an organization require that there is a fit between
the organizational design and its underlying environments. Although economists often fo-
cus on the simple dichotomy between centralization and decentralization, authority allocation
is in reality more complicated. This article develops a model to rationalize the use of ma-
trix management, one which contradicts the traditional view that authority should be clearly
defined.

The key ingredient of our model is a multiproject organization in which decisions must
be adapted to local conditions but also coordinated with each other. Project managers are
privately informed about local conditions and communicate strategically via cheap talk. Ma-
trix management is modeled as a randomization over deterministic authority allocations, and
this randomization may help the organization to better handle the trade-off between adap-
tation and coordination. In symmetric organizations, RA between functional authority and
project authority is strictly optimal when the conflict between adaptation and coordination
is very severe or the coordination need is very small. However, there also exist situations
where RA is strictly dominated by deterministic authority allocations. Our findings can po-
tentially shed light on the adoption and abandonment of matrix management in the real
world.

Another interesting finding is the nonmonotonic relationship between the underlying envi-
ronment and the optimal degree of delegation in organizations. As far as we know, there is
no such finding when focusing on the simple dichotomy between centralization and decentral-
ization. By allowing RA, the optimal degree of delegation can change continuously with the
underlying environment. As a result, nonmonotonicity may occur, especially when the change
of the underlying environment induces opposing effects on the optimal degree of delegation.

One of the most crucial simplifying assumption in our model is that there is simply one
functional manager. Having just one functional manager makes functional authority equivalent

17 In fact, Goodman (1967) employed this method to measure the degree of authority ambiguity in firms.
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to centralization. Ideally, in a complete version of our model, there would be two functional
managers and two project managers. Each manager would have private information and com-
municate with other managers. Similar to our model, matrix organizations can still be captured
by RA where the managers simultaneously send a cheap-talk message and the decision rights
are allocated randomly. Analyzing this complete model is in general complicated, and we be-
lieve that our main results still hold in the more complicated model, and our model can also be
viewed as a first step to analyze the role of RA in that more complicated model.

As discussed earlier, many predictions of our model can be tested once cross-sectional or
panel data are available. Although there are many case studies on matrix organizations, a
rigorous econometric study is still a fruitful direction for future research. Moreover, our model
is applicable to many other situations beyond business organizations. As argued by Hunt (1998),
the concept of a matrix is anything but new. For example, a family can be described as a matrix
because there are potentially two bosses, the mother and the father. Meanwhile, government
departments have been operating dual authority structures for more than a hundred years
(Hood et al., 2004). It would be interesting to extend our framework to these situations.

APPENDIX

Define the random variable 7, as the posterior expectation of the state 6; by the receiver after
observing message m;. We first state two lemmas from ADM.

Lemma A.l. For any communication equilibria, we have for any j € {1,2} and i# ],
E@[. [mimj] = E(.)/ [Gimj] = Egj [Qj] = E(‘), [ﬁ,] = Eg/. [91'91'] = O,(ll) E[ﬁ,-@,-] = E[mjz] fOl’j [S {1, 2}

LEmma A 2. E[n_1]2] is strictly increasing in the number of N; for j = 1, 2, and given the authority
allocation p = (p1, p2, p3, p4), we have

s {1 B 1[ @3N —1)(x = 1)? N 3xNi(x — 1)2“

(A1) E(m)) =5 @ — PR +x+1) | N — 1)

where x = x}, ,(p) is defined in Equation (A.4).

A.1. Proof of Lemma 1. QObviously, in any perfect Bayesian equilibrium, the optimal de-
cision rules satisfy Equation (1) ((2), (4), and (5), respectively) once functional authority F
(P, M1, M2, respectively) is realized. The proof consists of two parts. The first part is to prove
that for any communication equilibria, the communication rules in equilibrium are interval
equilibria. This part is the same as that in ADM and thus omitted.

The second part is to derive the difference equations for all the outcome-equivalent commu-
nication equilibria. Let ¢; be a partition of [—s, s] and any message m; € (;;—1, t; ;) be denoted
by m;; and m; ; be the receivers’ expected value of ¢; after receiving a message m; ;. For any
critical types f;; where i € {1,2, ..., N; — 1}, manager j € {1,2} must be indifferent between
sending messages m; ; and m; ;1. In other words, given the state ¢, ;,

E[U |t my ] — E[U 0, m ] = ot Wi+ 02 Wo 4+ 03 W3 + s Wy = 0,
where

Wi = (Myrmiin — )’ + (1 =) (1 - VF)2m1 i1 +0Qyr — 1)’ yy)
— (Myrm ;= 0,)* + (=2 = ye)’mi  + 8Q2yr — 1)1 ;)

Wy = (?»(J/Pmlm —kt1)” + (1= W) 1y +8((vp — yp)iLies + (1= k) )

- (A(VPmlsi — kn z) + (=M (p)mi 4+ 8((ve — vp)mni + (1 - k)tl,i)z) ;
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Ws = (M i1 = 100" + (1= IR 4y + 80 = M3 )
( (me1 i — 1 ,)2 +(1- )kzylzun_ﬁ, +8(1 — )2)/]2\417_1% 1)
( M (Yhyin i1 — 11, z) + (1= )i i)’ + 81— k) (Vi i1 — 1) )
(Akz Vot — 113) + (L= D) (i) + 8(1 — k) (vt i — tl.i)2> :
Substituting 771 ; = (1,1 + t1;)/2, we have that E[Uilt1;, m1 ] — E[U1lt1;, M i41] = 0 iff
ti=(fii1 +0,-1)/(2+4bk,), where bk, is defined in Equation (7). Rearranging it
yields
Hiy1 —ti =t — b1+ dbhy X 11
The same reasoning can be applied to manager 2, and thus we have
(A2) vl — L=t — 1 +4bl ;. forje({l,2}.
Solving the difference equation (A.2) yields
(A3) tii = ao(xy, ) + ar(vh,) forj e (1,2},

where ag, a; are constants. .
; j j .
The expressions of x, and y , are:

(Ad) Xy = (1426, ) +/(1+ 2bf,;A)2 —1 and Yy, = (1+20,) —/(1+ 2b;'M)2 -1,

which satisty Xy}, = 1, with x,, > 1.
Using the boundary conditions #; o = —s, ; n, = s, we get the expressions of 7;; for j € {1, 2}
and 0 <i < N;:

(A5) = (x%A>N,» i (%eA)N/ {(xim)l (1 + (yﬂ?A) j) a (yi“‘)l <1 * <le“‘> j)} ' |

A.2. Proof of Lemma 2. 1t is straightforward to verify that the limit of strategy profiles
and beliefs (p;(.),d;(.), gj(.)) as N; — oo constitutes a perfect Bayesian equilibrium of the
communication game. We will only prove that the total expected profits are increasing in N;.
Under RA structure p, the total expected profits consist of four parts:

(A.6) TTRA = PITTF + P27Tp + P37TM1 + PaTTM2,

where

(df —61)" + (d — )" +25 (af —df)’].
(A7) np = —E|(af —61)" + (dF —6:)" +25 (af ~ d§)2] ’
(@ = 6)" + (@ = 6:)" + 28 (a)" — 3"’ ]
(

di — ) + (@ - ) +25 (d} - 3P)’]
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Using Equations (1) and (2) and Lemma A.1, we have
E[(df —6))"] = > = @ = y) yr E () + (1 - yi)*E (3)
(A8) E[(d - 0)] =0~ @~ yr) wE @) + (1 - v VE (7).
E[(df - df)’] = @y — 1)(E () + B (7).
| = K26% = (2kyr — v3) E(72) + (/) E (783) .
— (2kye — vp) E (M) + (vp)” E (m}),

= [ = vp)’ +20 = 0) (vr = V) | (E (7) + E (7)

+2(1 — k)*0”.

Moreover, from Equation (4) and Lemma A.1, we obtain

27

E[(@" = 6)"] = 0 = 2puE () + Vi, E (72) + (v)” E (7)
E[(@" - 92)2 =12 {0 + VE (7) + (i) E (78) — 27, (73) |
E[(@" = a}")’] = (1 = 1 {0 + ViE (78) + (4 E (73) — 20, E (73) ).
(A10)  E[(@2 - 0)"] = {0 + 73 E (72) + (yE (72) — 20 E (72 |
E[(@? = 62)"| = 0 = 2puE (73) + Vi, E (78) + (v E (7).
E[(@? = a}?)’ ] = (1= 0 o + v (3) + (1) E (72) = 274, (77)}

Hence, we can calculate the first derivatives as below:

Iy 1+25 dmp 8% (6817 — A2 4 427 +28%)
—_— = — > . =
0E[m] T 1+ 4 O[] (o + 07 (h + 20)°

14 28)A(A +29)
= 2y [+ R 4250 kY] oy =
yu = [1+K5+2500 = )]y (- + 8+ 228)>

Oy O
SE[] ~ 5[]

O O M2 2 27
— =[2Kk> + 45(1 — k +
OE[2]  9E[m] [ (=07
A4S (A + 87 + A8 +2279)
(A + 8)2(A + 8 + 218)?

[1+ K +28(1 — k)*] x (viy)?

> 0.

Since %4

229

dﬂw[ (37'['\42 r)JTR/\

aEpm] — Pl aE[mz] + 0 BE[ 5 s aE[*Z] + pas; aE[ 5 and aE[*Z] =n aEW] + 0 aE[mg]

+

P35 + 04 SE] we have P[] > 0. Finally, from Lemma A.2, we have that E[m]-] in-

creases with N; and therefore the total expected payoffs mg4 increase in the number of

intervals N;.
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A.3. Proof of Proposition 1. Proor. When functional authority and project authority
are realized, the expected profits are identical to that in ADM, and henceforth we directly
have

(A.11) wp = — (2Ap + (1 — Ap) (Sky + S24)) 0%,

(A.12) mp = — (2Ap + Bp (Sga + Sia)) o
Moreover, from Equations (A.7), (A.10), and Lemma 3, we obtain

(A13) Ty = — (ZAM + (BMS}{A + CMS%{A)) 0'27

(A.14) v = — (2Am + (CuSpa + BuSya)) 0.
Finally, combining Equations (A.6), (A.11), (A.12), (A.13), and (A.14) will yield the results. B
A.4. Proof of Observation 1. From Proposition 1 (organizational performance), we obtain

308220 — 1)°W
48+ 1)(8 +1)(28 + 1) (251 + 8 + W,

M(p1) — T(p2) =
where

Wi = =A% 4260021 + 8°4%20 + 8423 + 8037 + 4870725 + 28%h26 + 287 27 4 328%25 + 1288770,
W, = (85*(81 — 1) + & (8447 + 81 — 1) + §*A(8A(5A + 3) — 1) + 2827 (41 + 7) +31%)
X (S @A(A(@r +3) +1) — 1) + (21 + 1)(2A +9) — DA+ 85(A + 1)A° +32%) > 0

and

7= (322 —11r+1), 2o = (4427 — 480> — 1174 + 16)

z3 = (561" + 15227 — 50227 — 2761 + 55)

24 = (3520% —192)° — 1, 67617 — 280A + 103),

zs = (162° +2041" — 5122 — 69147 + 81 + 28) ,

26 = (14427 +288)% —2,408)° — 1, 128)% + 177x + 34)

z7 = (32017 — 528)* — 2, 60817 — 2881% + 1604 + 9)

zs = (162" — 681% — 7617 + 91 +3) , 20 = (—82* =24 + 1) .

Itis straightforward to verify that givenany A € [% 1],zj < 0forl <j < 9.Therefore, W; <0,
which implies that IT(p;) — IT1(p;) > 0. [ |
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A.S. Proofof Theorem 1. Toprove Theorem 1, we will first derive the expression of d”%@g””.
By plugging p; = 1 — p; into Equation (12) and with a little abuse of notation, let wg4(02) be
the resulting function. Take the first derivative with respect to p,, and we obtain'®

(ALS) drga(ps) _ (1= pa(2x = 1) (a(, w)p3 + bG, iW)p2 + ¢, 1)
' dp» (1+30) [ = 20+ 22 + p22 = M)(1 — W] (V2 + ¥3p2)"
where u = % and

a(r,p) =—(1- M)Z[ — 338+ pun® (3 = 56A + 4347) + p*A7 (25 — 3461 + 37227 — 191°)
+ 1% (A7 + 672 — 9117 4 893° + 38817 — 189:.%)
+ 2% (5 + 520 — 95607 — 19047 + 3,2041* — 1, 7200° + 1911°)
+ A (8 = 29A — 13407 — 2, 71027 4 6691 — 3,2992° — 481.° + 1691.7)
+ uO (4 — 340 + 18317 — 1,900° + 2, 5961" +2, 4691° — 4, 8741° 42,1801 — 2971%)

+3u7 (2 — 261 + 1392 — 8654% + 12,3290 — 2, 69747 + 1, 4731° — 37247 + 351%) }

bk 1) = =21 = ) G+ 2 = 1) {325 + pa (=3 + 44 — 4022)
— w27 (14 — 160A + 16827 + 214°) + 172 (=19 + 1704 4 321> — 47227 + 1681.%)
— A (44 23) — 60617 4 1,242)° — 576)% 4 23)°)
+ 10 (4 — 720 + 38327 — 386A° — 477A% + 7162° — 192°)

30 (2 363 + 20022 — 4882 + 51024 — 23227 + 352) |,
cp)=0+Q2- x)u)3{3x5 + ua® (=3 4 38% — 4027)
— WA (9 — 89x 4 9447 4+ 214%) + wh (—9 + 54A + 9427 — 35617 + 1681%)

— u* (34 264 — 32047 + 65817 — 3561 + 231)
— 17 (26 — 1371 + 7817 4 3952% — 5421 4 1927)

+ 30 (13 + 941 — 24502 429127 — 16224 + 35)%) |.

drra(p2)

. at py = lis the same as the sign of s(x, ), where

Moreover, the sign of
s(, ) = a(h, ) + b, 1) + c(r, )
= (14 300 (1= 83+ 1227) 4 12 (5 = 394 + 733 - 364°)
+3u* (10 — 701 + 14927 — 1183% + 312%) + p?A (8 — 474 + 5747 — 2927 + 361%)

1 (44108 — 18122 + 33527 — 1292 — 122%) |.

18 The expressions of v, and 3 are shown in the proof of Lemma A.3.
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The next lemma shows that g4 is a concave function of p,. Therefore, there is an interior

maximizer of 7g4 when %ﬁ’”) = 0 holds for some p, € (0, 1).

Lemma A.3. Given any pair of (A, ) € {(%, 1) x (0, 1)}, the second derivative (12715_:2(;;2) < 0 for

2

any p; € [0,1].

Proor. From Equation (A.15), we obtain

d*mra(p2) }

2
(A.16) sign { 2 ign {6(1 —w)?ut (14 3p) (2 — 1)2A((1 — w)r + 21) ¥y
2

(Y2 + ¥3p2)?

where
Y1 =27 — 6% + ur’(3 — 141 — 2%) 4 p?A(3 — 64 — 2127 + 101°)
+ 131+ 2% — 1722 +101%),
Y2 = QuA+ A1 =) (1= (1= 2)(1 = ) (3x + (52 = D),
vy = —(1— M){3x4 4 a4 = 2) 4 2 (“TA 12003 + 142 + 4 +1)
+ 13 (51 = 2602 +300 — 1) }.
Rearranging yields

Y = 2361 — 1) — ur®(=3 4 141 + 22) — 1® x [BA(21 — 1) +100(1 — 1)]
— 1 x [2A = 1)2A + 1) + 2020 — 1) + 927 — 10p* A3 (1 — ) — p?2°.

Henceforth, for any A > % and p > 0, we have y; < 0. It is straightforward to verify that

W+ ¥ = p2(1 + 3u)((2x —DA+322 + S — )+ 2h — D+ 2w) >0,

which implies that ¥ + p2y¥3 > 0 for any p,. Therefore, we obtain dz?ij—[’jz(pz) < 0 for any p; €
2

[0, 1]. [ |
Theorem 1 then follows directly from Lemma A.4 to Lemma A.6 below.

LemmA A.4. Whenever functional authority and project authority have the same organizational
performance, RA is strictly optimal.

Proor. If functional authority and project authority have the same organizational perfor-
mance, mga(0) = wra(1). Since the expected profits are concave in the allocation of authority
as shown by Lemma A.3, we must have wga(p) > mra(0) = wga(1) for any p € (0, 1). Hence,
RA is strictly optimal.

Consider any pair of parameters (1*, §*) under which functional authority and project au-
thority have the same organizational performance. Since RA is strictly optimal, we must have
c(A*, ) > 0 and s(A*, u*) < 0. By continuity, there must exist a neighborhood of (1*, §*) such
that c¢(A, u) > 0 and s(A, 1) < 0. In this neighborhood, RA is strictly optimal as well. [

Lemma A.S. Forany )\ € (%, 1], RA is always strictly optimal when § > 0 is sufficiently small.
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Proor. Recall that the sign of ‘Z’% is the same as that of g(p2) = a(X, )5 + b(x, w)p2 +

c(X, n). Obviously, g(0) = c¢(x, n) and g(1) = s(, w).
From the expressions of ¢(-) and s(-), we have for any A € (% 1]

= 32521 — 1)(61 — 1) < 0.

A"
lim G ) =35 >0, and  lim . - )
n—0 n—0 175

Hence, for any 2 € (1/2,1) and sufficiently small € > 0, g(0) > 0 and g(1) < 0 for any é €
(0, €). Then, g(p2) = 0 at some interior probability, and the corresponding RA will dominate
deterministic authority allocations. |

LemMa A.6. Fix any § > 0. There exist A and X such that % < A < A <1 and RA dominates
deterministic authority whenever ). € (1, ). Moreover, as § — oo, the set of A under which RA is
strictly optimal converges to a measure zero set.

Proor. Note that g(0) = c(x,8) > 0 and g(1) =s(x,8) < 0 together constitutes a suffi-
cient condition for RA being strictly optimal. Let A*(8) = % + K% 1%5’ and then we have
c(X, 8)|r=1+(5) > 0 and s(1, 8)|;=1+(5) < O for any K E [90 ]ls]

Denote A(8) = 12 + m and A(8) = For any 8, ¢(A,8) > 0 and s(%, §) < O if
A<A <A

Finally, it is easy to verify that § — oo, u = 155 +5 — 1, and hence both a(A, 1) and b(A, n)
converge to 0. Therefore, in the limit where § — 0o, RA cannot be strictly optimal. |

28 g+ 90(1+5)

A.6. Proof of Theorem 2. The nonmonotonicity result follows directly from the followings
observations.

(1) When § — 0, the optimal delegation probability p5 — 1. To see it, note that

lim a(x, ) = 325, lim b(x, ) = —6A%, and lim c(k, ) = 345
n—0 nw—0 n—0

Obviously, when u =0, g(1) = 0 for any A. By continuity, p, solving the equation of
g(p2) = 0 will converge to 1 as § — 0. Hence, the optimal delegation probability p; — 1
as§ — 0.

(2) For any A € (% %), the optimal delegation probability is given by p5 = 1 when § — oc.
This is because

5lim g(p) = lim1 g(p2) = =32(4xr — 1)(281 — 17).
— 00 n—

Thus, for any € (3, 3), “&2) > 0 will always hold, implying that p; = 1.

(3) Asshown by Lemma A.5, RA is strictly optimal when § > 0 is sufficiently small. In other
words, p; < 1 when § > 0 is sufficiently small. Since pj is continuous in §, it must be
nonmonotonic in é. |
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online version of this article at the
publisher’s website:

Online Appendix
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