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Organization Capital and Intrafirm Communication

Abstract

We present a dynamic model of production in which a firm’s output increases when its
managers share their information. Communication of ideas depends on the quality of the
firm’s internal language. We prove that firms with richer languages (i.e., more organizational
capital) will have higher market values. Organizational capital generates static complemen-
tarities among incumbents which implies that firms with richer languages will experience
greater employee retention and higher wages. Dynamic complementarities between inter-
temporal investments in language generate long-run persistence in firm market-to-book and
turnover ratios. We demonstrate that the optimal compensation of incumbents includes an
earnings-insensitive component that is larger in firms with richer languages. In a simple
model of mergers, we show that the most value-creating mergers are those between firms

with highly disparate languages.



Introduction

Economists often think of a firm as a collection of assets. These assets are further classified as
tangible and intangible assets. Examples of tangible assets are physical capital such as plant
and machinery. Examples of intangible assets are patents, brand names, R&D expertise and
the knowhow that resides within the organization with its employees (Lev, 2001). Another
classification, that is often invoked by scholars of the theory of the firm, distinguishes human
capital from non-human capital (Hart, 1989).) We propose a taxonomy that divides firms’
assets into three classes: physical capital, human capital and organization capital. We argue
that this classification provides insights into the nature of the firm and suggests a consistent
and coherent explanation of many empirical observations about firms. Prescott and Visschler
(1980) argue that elucidating the role of organization capital is central to understanding the
function of the firm. Our focus in this paper is to understand what constitutes organization
capital and how it relates to firm value, labor practices, compensation and mergers.

We present a model of production in which a firm’s output depends on its physical
assets, on the qualities (human capital) of its managers, and on their ability to communicate
effectively with each other. While performing their job functions, managers acquire tacit
knowledge that can be useful to their peers but that may be difficult to convey (Polanyi,
1966). We posit that when a firm undertakes a new project or task, its managers develop
informal communication channels for talking about that task and sharing tacit knowledge
(Crémer, 1993). Informal work routines, convenient technical jargon and a vocabulary of
patterns are developed in the course of carrying out the task.? The richness of a firm’s
language is a measure of the breadth of the set of tasks covered by its communications
channels. In our view, a firm’s language, defined in this sense, is the essential component of
its organizational capital.

We develop a dynamic model of a long-lived firm with managers who work for two
periods. In their first period, managers acquire their firm’s language with some probability.
In their second period, managers may quit or be fired from the firm. The set of managers

who remain with the firm then produces output that depends on their own qualities, the

'Rajan and Zingales (1998a) use the terms human capital and inanimate assets.
2Simon (1979) refers to subconsciously remembered patterns or vocabulary of patterns in describing the
richness of knowledge created by past experiences.



richness of the firm’s language and the number of managers who share the firm’s language.
Managers generate insights into the functions of other managers and can, if communication is
possible, provide performance-improving advice to their peers at no cost.> A richer language
(i.e., more organizational capital) facilitates communication between incumbents, since it
provides critical terms about more tasks.* We show that, given a fixed set of assets, firms
with richer languages have greater market values. Firms with rich languages are firms in
which information sharing and teamwork are important. We present evidence that firms
with those attributes have higher market-to-book ratios.

Organizational capital builds up slowly as the firm undertakes new projects and gains
valuable experience. We also model organizational forgetting (Benkard, 1999); organizational
capital gets destroyed when veteran managers leave or if the firm is unable to transmit
its language to the next generation of managers. We assume that the larger the number
of retained incumbents, the greater the probability that the language will be successfully
transmitted to new employees.

We first show a key result that if good ideas are relatively scarce, then the benefits to
the firm from having more managers who know its language are increasing and convex. This
generates static complementarities between incumbents. The value to the firm of retaining
an additional incumbent increases in the number of incumbents retained. Individual in-
cumbents benefit from the presence of other incumbents who can communicate with them
and provide advice. As a consequence, we can show that firms with richer languages in
which these complementarities are stronger tend to experience fewer quits and more reten-
tion. We demonstrate that the presence of static complementarities also implies that firms
will experience cascades in quitting. We show as well that wages are higher in firms with
richer languages. Our model implies a novel prediction that suggests that wages of any given

employee are also increasing in the seniority of other managers.

3Prescott and Visscher (1980) argue that casual conversations can transmit valuable information at a
very low cost to productivity.

4This view is shared by many scholars. Arrow (1974) argues that one of the advantages of the organization
is its ability to economize in communication through a common code. Katz and Kahn (1966) argue that
personal knowledge can be transmitted effectively within close-knit groups by shared coding schemes. The
idea of shared language by which to communicate is also echoed in Berger and Luckman (1966). A summary
of these views held across a disparate literature is provided in Kogut and Zander (1992). A specific example
of such a language based on internal jargon, shared values and common experiences is found in the workings
of the consulting firm McKinsey described in The McKinsey Mind by Raisel and Friga (2002).



The richness of a firm’s language affects not only it current production but also its
incentives to preserve its organizational capital. A firm that retained many incumbents in
the previous period is likely to have a rich language. This gives the firm an inducement
to retain many incumbents this period in a bid to maintain its valuable organizational
capital. Firms with poor languages will have little incentive to retain incumbents and thus
will likely have poor languages in the following period. We describe these inter-temporal
effects as dynamic complementarities (Cooper and Johri, 1997). We show that dynamic
complementarities imply that language is persistent and hence so are market-to-book ratios
and turnover rates. This provides an explanation for the persistence of these variables that
is found in the data. We also predict that language persistence will be highest for firms with
the richest languages, and we relate some consistent evidence. We show that firms can obtain
high current period cash flow by over-firing (e.g., through dramatic cost-cutting measures
that may include massive layoffs) even though that is harmful for firm value in the long run
because it destroys organization capital. Dynamic complementarities imply that expected
payoffs are higher for workers who begin their careers as juniors in rich language firms, since
the language will likely be transmitted to them by the time they produce.

The importance of transmitting the firm’s language has implications for optimal compen-
sation. We argue that firms will reward incumbents who transmit the language, even though
this does not generate observable profits this period. Consequently, incumbents should have
compensation that is less sensitive to current earnings, and this effect should be stronger in
rich language firms.

Our model also sheds some light on the issue of the clash of corporate cultures in mergers.
We suggest that a merged firm is more likely to adopt the language of the firm that had a
richer language and had a greater number of employees who possessed that shared language.
An implication of our theory is that the most valuable mergers are between firms with highly
disparate levels of language. This is because as the language of one pre-merged firm gets
adopted in the merged firm, the organization capital of the other firm is destroyed in the
process. So mergers that minimize the destruction of organization capital of one constituent
firm are more valuable in general.

The notion of organization capital that we develop does not encompass some assets that

are sometimes thought of as organization capital, such as patents and brand name. We view



patents, intellectual property and other legal privileges as best classified as physical assets
(broadening this category to include intangible assets). Legally protected intangible assets
share many of the qualities of physical assets (e.g. the firm’s shareholders exercise complete
control over their use and may transfer them at will) and these assets may naturally be
grouped together. Brand name and reputation capital (Kreps, 1990, Hermalin, 2001) we
think of as primarily representing signals of the quality of a firm’s physical or human capital.
If reputation capital had independent value as a separate type of asset, we would expect to
see indiscriminate umbrella branding across product lines, which is not commonly observed.
Moreover, competition between the many firms with strong brand names in the provision of
reputation and commitment services should drive the returns to reputation quite low. In this
paper, we focus attention on understanding the nature of a firm’s language, a firm resource®
that is neither controlled by the firm’s owner nor part of the human capital of any single
manager. The firm’s language resides in the body of managers and is functional only when
the managers work with the assets of the firm.

The fact that intangible assets or some organizational capital exists is perhaps non-
controversial. Atkeson and Kehoe (2002) document that in the U.S. organizational capital
has approximately two-thirds of the value of the stock of physical capital. The central
question that we must persuasively answer in this paper is whether the notion of organization
capital we develop constitutes a significant part of firm’s organization capital. Some empirical
regularities, such as persistence market-to-book ratios and profit rates, may follow from the
presence of many different kinds of intangible assets. We derive, however, several empirical
implications, such as those regarding managerial turnover, managerial compensation and
merger integration, that arise distinctly from our notion of organization capital.

The rest of the paper is organized as follows: Section I details the role of firm language and
communication in the production process. Section II describes the game of manager quitting
and firm firing and provides a model of language transmission. In Section III the existence
of an equilibrium is proved. The main results are discussed in Section IV. Section V contains
an application of the model to an analysis of compensation, and Section VI considers the
issue of merger integration. Section VII concludes. The proofs of several results are given in

the Appendix.

5See Wernerfelt (1984), Barney (1991) and Collis and Montgomery (1998).
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I. Language, Communication and Production

We model an infinitely-lived firm that employs managers who work for two periods. In a
manager’s initial work period neither the manager nor the firm knows the manager’s type
(quality) y, and the manager is referred to as a “junior”. In a manager’s second work period,
the types of all managers are revealed to both managers and firms. Managers are referred
to as “seniors” in this period.

A firm consists of 2N workers, N seniors and N juniors. Each worker produces some
output by virtue of his own quality and may produce more through communication with other
workers in a manner to be described. The firm’s physical capital will be fixed throughout
the analysis in the paper.

A critical feature of a firm is its internal language that facilitates communication among
its managers (Crémer, 1993)%. Firms will vary in the richness of their languages. A language
summarizes informal work routines, convenient technical jargons and a vocabulary of pat-
terns remembered from past experiences. The language is private to the firm and its terms
cannot be easily codified or conveyed without a significant investment of time on the part
of a manager. Firms with richer languages will enjoy better communication amongst their
managers, which will lead to increased production.

The composition of a firm’s management team will be determined by a process of quitting
and firing which we will detail below. We begin by describing the production of a firm with
a given set of managers. For simplicity we will assume that juniors produce nothing and
concentrate on the production of seniors.

In any given period, the firm is faced with carrying out a project or a task k € {1,2,..., K}
for some K > 1 that is randomly selected according to a uniform random variable é; that
is i.i.d. across time periods (with associated cumulative distribution function F.). Each
manager ¢ directly produces an individual output y; that depends only on his own quality.
The qualities of senior managers are revealed both to firms and to the manager’s themselves
at the beginning of the period. Manager ¢ also may generate enhanced production through

the use of the ideas of managers in the firm. A manager who shares a common language

SDeMarzo, Vayanos and Zwiebel (2001) and Garicano (2000) provide other models of communication in
organizations.



with colleagues may seek their counsel on improving the efficiency of his performance. Note
that any new senior manager hired by the firm from the outside will not know the firm’s
language. Production enhancing communication is only possible when the language includes
the particular project or task at hand. The task will be included in the language if the firm
has performed that task in the past and the informal wisdom about how best to perform that
task has been successfully transmitted to firm’s incumbents by its past employees. Let £
denote a subset of {1, ..., K} which describes all the tasks which are part of firm’s language
and let L denote the number of such tasks. Thus L will denote the richness of the language.

If the given task is part of the language and the language is known by both managers ¢ and
7, then manager ¢ will solicit the advice of manager j. Each manager generates identically
distributed ideas with a total measure normalized to one and a density f on [0, X] (X > 0)
about the function performed by each of the managers in the firm. We assume, for technical
convenience, that f(x) > 0 Vz € [0, X]. Ideas associated with higher values have a higher
quality. We further assume that f'(z) < 0 Vo € [0, X] to represent the notion that good
ideas are scarce; there are more bad ideas than good ones.

Providing ideas is costless and manager ¢ will approach all the other managers who know
the firm’s language and then select the best advice. We assume that the manager implements
the best % of the ideas of each of the n managers (including himself); formally, he implements

all ideas = > z* where

. n
and receives as his payoff the average quality over all the ideas he implements. Formally, the

idea-driven production g of a manager who collects ideas from n managers is given by

g(n) =n VX :cf(:c)dx} .

*

If the language is known by the subset N> of managers, then the total expected produc-

tion of manager ¢ with quality y; is given by
7 i nrey L L NI
Revi(y N, £) = [+ TOVE) gV + {1= T ve) 2 g(1)] (1)

where T? denotes the indicator function for whether manager i is in a given set and N*

denotes the number of managers who possess the language. So, if the manager does know the



language —i.e., T{(N?) = 1 — the probability is % that the task undertaken is part of language

in which case the manager benefits from getting advice from all N* managers who possess the

L

language and enhances his production by g(NT). With complementary probability (1 — %),

the task is not part of language and the manager can benefit just from his own advice which
enhances the production by g(1). Of course, if the manager does not possess the language
at all —i.e., Y{(N*) =0 - the idea-driven production equals g(1) with probability one. The
total idea-driven production of the firm when the selected task is part of the language and
the language is known by n managers is given by G(n) = ng(n) + (N —n)g(1).

Lemma 1. Suppose that the selected task is covered by the firm’s language. The idea-
driven production g of an individual manager who knows the firm’s language is monotonically
increasing and concave in the number of managers who know the firm’s language, and the
idea-driven production of the firm G is monotonically increasing and convex in the number
of managers who know the language.

A proof is found in the appendix.

The lemma shows that individual managers benefit from sharing the firm’s language with
more managers (they thereby receive more ideas), but that these benefits are concave. In
firms in which many managers know the language, the ideas of one more manager will not
be that useful to any given manager. From a firm-wide perspective, however, the benefits to
having more managers know the language are convex. As more managers know the language,
not only does each individual manager benefit from more ideas, but more managers have high
idea-driven production. The convexity relies upon our assumption that good ideas are scarce
(f" < 0). It is the scarcity of good ideas that makes the addition of managers with firm’s
language so valuable. If good ideas were common (f’ > 0) then little added benefit would
accrue from the ideas of new managers with firm’s language and the firm-wide benefits would
not be convex in the number of managers with firm’s language. We argue that most ideas
are of fairly low quality, so that adding new managers with firm’s language can continue to
generate significant benefits even when the pool of managers with firm’s language is already
large.

We presume that a manager’s production is not verifiable and that the manager may, in
an unverifiable manner, completely spoil or negate the value of his production. The firm,

however, has a legal claim to any output generated from its physical assets. The firm and



the manager must therefore bargain over the division of the output. In this Nash bargaining
game, the firm pays the manager a fraction § € (0,1) of the value of the production in

exchange for the remainder. © The manager’s expected payoff is then given by
4 L , L
milyis N2 £) = 0 [y + TN Zg(N9) + {1 = TV £ fo(1)] @

and the firm’s total expected payoff this period is given by

ﬂ-({yi}w/\/’ﬁa E) = Z(l - Q)Revi(yia-/\/’£7 »C)

=1

= (10 [Tt N - (0] + V)]

II. Quitting, Firing and language Transmission

The makeup of the set of managers who remain with the firm until the period end to engage
in the production process described in the previous section is determined by a game of
quitting and firing. At the beginning of the period, the firm’s junior managers from the
previous period are tentatively assigned the senior management slots. Their qualities {v;}
are revealed to both themselves and the firm. We assume that 0; € [0, V] has associated
pdf f, (not dependent on 7). A new batch of junior managers is then randomly selected.
Each senior manager applies for a position at an outside firm and waits to receive an offer.
If a manager accepts an offer then he leaves the firm. At the end of this quitting process,
the firm receives applications for all senior manager positions and decides which incumbents
to replace and which to retain. When the senior management team is in place, production
begins.

Junior managers are interchangeable and indistinguishable, so firms will retain their

initial set of juniors and hence no junior will be able to transfer firms. The firm’s new senior

"Following Stole and Zwiebel (1996), one might argue that a manager’s compensation must depend on his
or her marginal contribution to the firm’s total output. In our model, however, a bargaining scheme based
on manager’s incremental contribution to firm’s total output can generate a total wage bill for the firm that
exceeds the total output of the firm. This is because the total output of the firm is convex in number of
managers who know the firm’s language. In our model, the direct output by managers is additive and thus
linear in the number of managers which does not lend itself to determination of optimal number of productive
employees N in the firm. We can conceive of an extension of our model in which the total direct output was
sufficiently concave in the number of productive employees N which would then alow us to determine the
optimal N. In such a model, it would be feasible to implement the bargaining scheme suggested in Stole
and Zwiebel. For simplicity, we make use of our exogenously specified split of the manager’s output.

8



managers each apply to one outside firm and await offers. Outside offers arrive randomly
and must be immediately accepted or rejected. We presume that no two offers arrive at the
same time, so that all decisions are sequential. We denote the arrival time order of manager
i’s offer o; by T, € {1,...,N,0} (if T, = () then manager i receives no offer). No manager
receives more than one offer. We assume that the {7}} have a joint probability distribution
function given by eqf,y- For managers without any outside offer, the opportunity cost of
working for the firm is presumed to be zero. We assume that o; € [0, O] has an associated
pdf f, (not dependent on 7). Managers know the identities and decisions of all managers
who have received prior offers.

A senior manager’s strategy specifies the manager’s decision to stay or leave the firm given
the amount and timing of the offer, the prior decisions of other managers and the quality
of the other managers (which will affect the likelihood of their remaining in the firm), and
the richness of the firm’s language. Formally, given an outside offer o;, offer arrival order
time t, a set N© of managers who have previously received outside offers, a set N4 C N©
of managers who have accepted outside offers, qualities {v;} of the incumbent managers and

richness L of the language, we denote manager ¢’s strategy by
di(Oi, t,NO,NA, {Ui}, L)

where we represent the decision to stay by d* = 1 and the decision to leave by d* = 0.

Some incumbent managers will choose to stay with the firm and others will not be given
outside offers. Let Z denote the set of managers who choose to stay. The firm’s strategy spec-
ifies which of these incumbent managers will be replaced. The firm’s replacement decision
will depend on the qualities {v;} of the incumbents, the qualities {v.} of the replacements
and the richness of the language. We assume that 1;{ € [0,V] has associated pdf f, (not
dependent on ). Formally, given a set Z of remaining incumbents, applicant qualities {v},

incumbent qualities {v;} and richness L of the language, we denote the firm’s strategy by
IR(Iv {/U,;}, {Ui}7 L)

which specifies the set Z® of incumbent managers that the firm chooses to retain.
The firm’s juniors do not produce, but they do observe the functioning of the seniors.

We presume that it is difficult to imbibe a firm’s language, but once it is possessed it is

9



very easy to assimilate the application of this language to the various tasks covered by the
language (this is analogous to the high cost of learning a language and the low marginal
cost of reading a book or conducting a conversation in a language already understood). As
a result, a manager learns either the entire language with all its applications or nothing
of the language at all. We assume that juniors have identical language-learning skills and
that they communicate amongst themselves, so that either all the juniors learn the firm’s
language or none at all. The probability that this language is transmitted is dependent on
the number of seniors who know the language. The greater the number of managers with
the language, the more opportunities the juniors will have for observation and learning and
hence the greater the probability of transmission. Formally, the probability of transmission
is given by p where p is increasing and convex. We let ¢ be a Uniform(0,1) random variable
with associated cumulative distribution function F¢. Transmission takes place if and only
if € < p(NT), where N'X is the set of seniors who know the firm’s language. For example,
the probability of transmission may depend on the number of manager pairs who know the
language, since this determirges the number of conversations that can take place. In that case

_ (%)

we would have p(NL) = )

2
and organizational forgetting (Benkard, 1999) are possible. The transmission of language

. Our model thus suggests that both organizational learning

depends on the presence of incumbents.

In all cases, the firm’s current juniors observe the firm’s production given the selected
task. If the juniors learn the firm’s language, and this task is covered by the language, then
the juniors’ language is identical to that of the seniors. If the juniors imbibe the firm’s
language and the task is new, then the juniors will develop terms for this task that are based
on the language of the firm and augment the firm’s language to cover this new task as well.
If the juniors do not imbibe the firm’s language, they develop a new language which will
provide terms necessary for producing successfully in the future when this task is selected.
The firm may, if it wishes, choose new versions of any task. The firm’s language will not
provide terms for any new version selected in this way.

Summary of the timing:

1. A firm’s junior managers from the previous period are initially assigned to be the

senior managers of the firm. The qualities of the new senior managers are revealed.

10



New junior managers are randomly selected.

2. Each senior manager applies to an outside firm and waits to receive an outside offer.

Offers are accepted or rejected.

3. The firm receives applications for the senior manager positions and decides which

incumbents to replace and which to retain.
4. A task is selected.
5. Production and bargaining over output division takes place.
6. The firm’s managers attempt to transmit the firm’s language.

7. The firm may choose new versions of its tasks.

III. Equilibrium

Before the beginning of each period, the managers’ types, the future offers to managers, the
applications from replacements and the task to be selected are all unknown to the firm. The
expected payoffs of the managers and the firm depend only on the richness of the firm’s

language, so we may write the firm’s expected one-period profit as
Pr(L) = E [r({5i}, N4, £)],

where y; = v; if i € NZ and y; = U, otherwise. The firm plays the production game repeatedly

and discounts the future at a discount factor 6 € (0,1). The firm’s total payoff is given by
E [i 5tPr(£t)1 . (3)

=0

In general, the equilibrium of the game may consist of the firm and managers playing
strategies that depend on time and possibly on the entire history of the firm’s and managers’
decisions. We assume for simplicity that the exogenous variables are mutually independent
and identically distributed over time. Our first result is to show that there exists an equilib-
rium of the game in which the strategies of the firm and managers are Markov, i.e., stationary
with respect to time. We focus our attention on Markov Perfect Equilibria (MPE) of the

game.

11



Since the per-period firm payoff 7 is bounded, the state space of languages is finite and
the exogenous variables are independent over time, the firm’s total expected payoff may be
written as a value function w(Ls, {d'},Z%). To find an MPE we begin by associating every
feasible value function w with a profile of Markov strategies ({d‘}(w),Z™(w)) by consider-
ing the optimal one-period strategies of the agents given that the continuation payoffs are
described by w.

We first determine the firm’s optimal strategy. We let the set of remaining incumbents be
given by Z (with cardinality /) and the tasks covered by the firm’s language by £;. The firm’s
continuation payoff (the discounted expected value of all its future payoffs) depends only on
the number of incumbents retained. For a fixed number of retained incumbents, the firm
maximizes its payoff by retaining the incumbents with the highest values of (v; — v}), since

/

this maximizes the current payoff. Reorder the managers such that (vi1 — v, ;) > (v; — v;)

for all i € {1,...,1}. To select its optimal strategy the firm maximizes

7&(1, Ly, w) = MaTme{o1,...,.I}

OB [p(m)maz g c g,y w(LY) + {1 = p(m)ymaz o, w(L?)] (4)
HI=0) | Fonlglm) g0 + N1+ X+ 3w,

The second line in (4) reflects the present value of future payoffs. Future payoffs depend only
on whether the language is transmitted. The future payoffs to having a specific language are
given by w. If the firm decides to retain m managers, the current language will be successfully
transmitted with probability p(m) and in addition the firm’s managers will develop terms
for talking about the task that is currently undertaken so that the next period the set
of tasks for which there will be developed terms is given by £; U {l%t} With probability
{1 — p(m)}, the firm will fail to transmit the language and the next period the mangers
will have developed terms in the language to communicate only about the task the firm
undertakes this period. The firm may choose a smaller subset of any transmitted language
by selecting new versions of any task. The third line in (4) gives the current period payoff.
We note that the symmetry across tasks shows that @(Z, Li,w) = 2[1(1, Lo, w) for all Ly, Ly
such that Ly = Ly. For 1 € {0,1,..., K}, we can therefore define ¥(Z, [, w) := 1/3(1, L, w) for
some L such that L = [.

12



Given this optimal firm strategy, we can determine the optimal strategies of the managers.
Details are provided in the appendix in the proof of Result 1. Essentially managers evaluate
the probability that they will be retained and the expected number of other incumbents
who will be retained in order to calculate the value of remaining with the firm. They then
compare this value to their outside offer and choose the better option.

The managers and the firm are playing a dynamic game. Within each period the man-
agers’ strategies are constructed to be best responses to the strategies of the firm and the
other managers. To show that the firm’s strategy is a best response, we show that for fixed
manager strategies the firm’s optimization problem may be viewed as a single-agent dynamic
programming problem, and the firm’s strategy described above solves that problem.

These arguments show:

Result 1. There is a Markov Perfect Equilibrium of the game.

Details of the proof are given in the appendix.

We now seek to characterize these equilibria. The first question of interest is whether a
richer language generates a higher firm value.

We require two results.

Lemma 2. A history of incumbent decisions to remain makes it likelier that other incum-
bents will remain and that the firm will choose to retain them.

A formal statement of Lemma 2 and its proof is given in the appendix.

This effect arises from the complementarity between incumbent managers that is de-
scribed in Lemma 1. Individual incumbents derive more benefit from remaining in the firm
when other incumbents stay since they can then receive advice from more managers. More-
over, since firm-wide idea-driven production is convex in the number of incumbents, the
firm is also more inclined to retain incumbents when there are more of them. If firm-wide
idea-driven production were concave in the number of incumbents, then this lemma would
not necessarily hold. Low quality incumbents might be discouraged by a history of remain
decisions by other incumbents, concerned that they would be expendable. This might lead
to more quit decisions. It is the scarcity of good ideas and the resulting complementarity
of incumbents (from the perspective of both the individual managers and the firm) that
underlies this lemma.

Lemma 3. A richer language induces incumbents to remain with the firm and encourages

13



the firm to retain them.

A formal statement of Lemma 3 and its proof is given in the appendix.

It is clear that if the language is more valuable, then both the incumbent and the firm
benefit more from the incumbent producing in the firm. Moreover, this effect will make it
likelier that the first incumbents to receive offers will choose to remain. Lemma 2 then shows
that the incumbents who receive later offers are then even more likely to remain.

We now obtain the following result:

Result 2. In any MPE, firms with richer languages will have higher firm values.

A proof is given in the appendix.

For a given set of managers, it is clear that the firm’s production is increasing in the
richness of its language. Lemmas 2 and 3 also show that firm’s with richer languages retain
more incumbents, leaving them with a larger pool of potential employees from which to pick.
These effects together generate Result 2. It is worth pointing out that firm may end up
retaining an incumbent whose quality v; is less than the quality v] of a feasible replacement
because the incumbent helps enhance the production of other incumbent employees who
share the firm’s language and aids in language transmission.

Result 2 provides us with a prediction relating a firm’s language to its market value. A
firm’s market-to-book ratio will thus be associated with the quality of its language. Huselid
(1995) and Ichniowski (1990) show that firms with more workplace communication and
training have higher market-to-book ratios, which directly supports Result 2. Ichniowski,
Shaw and Prennushi (1997) and Macduffie (1995) provide plant- and production line-level
evidence that group problem solving and teamwork are associated with greater productivity.

Of course, firm’s market value or its market-to-book ratio may capture the value of its
other intangible assets (such as reputation or a brand) as well. One needs to control for
industry characteristics as well as firm characteristics such as the amount of physical capital,
growth prospects, firm age, level of R&D, firm beta etc., in detecting the link between market

value and firm language empirically.
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IV. The Results

We now derive other results of our theory for firm behavior. We select and fix a value
function w associated with an MPE that is consistent with Result 2. The convexity of
firm production in the number of managers knowing the language, as described in Lemma
1, generates static complementarities between the firm’s set of incumbents. We begin by
considering the implications of these static complementarities for employee retention and

wages.

A. Static Complementarities

We obtain the following result:
Result 3. Firms with richer languages will experience fewer quits and greater employee
retention.

A formal statement of Result 3 and its proof is found in the appendix.

Results 2 and 3 together suggest that market value and employee retention rates should
be positively correlated.

This prediction is supported by Hanka (1998) who finds that firms with high market-to-
book ratios have fewer employment reductions in the following year, controlling for current
and historic firm cash flows. In our model firms with high market-to-book ratios are firms
with rich languages (Result 2), and these firms are predicted to have high employee retention
rates (Result 3), as was found by Hanka. Notice that if high market-to-book ratios were
driven only by other intangible assets, such as a brand, it would have no direct relation to
employee retention rate or turnover.

This prediction is also consistent with the work of Bassi and Van Buren (2000), who find
that firms who retain key personnel have higher (contemporaneous and future) values of
(market capitalization - book value) than industry peers. They also find that the ability to
attract talented employees is not correlated with (market value- book value), which suggests
that the correlation of retention rates and market values is not driven purely by the appeal of
working for a firm with a large market value. A negative relation between executive turnover
and firm performance measures has been documented by Kaplan (1994).

For firm A, we define I/{(L4) to be the number of managers the firm retains in period ¢
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(the optimal m in (4)). The expected number of quits that Firm A with language level L4
will experience in period ¢ is given by ¢;(L4) := N — E, [I4(w, L4, 2)].
Result 4. Firms will experience cascades in quitting.

A formal statement of Result 4 and its proof is found in the appendix.

Result 4 predicts that firms that experience an unusually high (respectively low) number
of quits in the first part of the period are likely to experience an unusually high (respectively
low) number of quits in the rest of the period. Since incumbents benefit from the presence
of other incumbents, a number of incumbent quits will lead other incumbents to quit. This
prediction will also arise in an alternative model in which quitting signaled bad prospects
about firm’s future performance.

Given a set J® of retained incumbents and language £, we define the realized wage
premium \; of manager i by \;(y;, J%, L) = m;(y;, =, L) — 0(y; + g(1)), where y; = v; for
i€ JR and y; = v} for i ¢ J®. The wage premium is the difference between the worker’s
wage and the wage he would receive with no help from other managers. Our theory has
several implications for inter-firm wage differentials.

Result 5. a) The realized wage of a manager with a fized observable quality increases in the
richness of the firm’s language, his own tenure and the tenure of other managers.

b) The expected wage premium averaged across managers is higher for managers in firms
with richer languages.

A formal statement of the result and its proof is given in the appendix.

Result 5a) provides empirical predictions in the case that the tenure of all managers is
observed. We predict that wages will be higher in high market-to-book firms, since the rich
language of these firms will benefit both managers and the firm as a whole. We predict that
wages will rise with tenure in the firm (Becker, 1993, Topel, 1991), and we make the novel
prediction that wages will rise with the tenure of other managers in the firm.

Result 5a) is consistent with the finding of Dustmann and Meghir (2002) that wages
increase with firm tenure, but not sector tenure.

Result 5b) predicts that average wages are higher in firms with richer languages (high

book-to-market ratios, low turnover).
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B. Dynamic Complementarities

Our model generates dynamic complementarities between investments in language in differ-
ent time periods. If a firm has invested heavily in its organizational capital in the previous
period (by retaining many incumbents), then it will likely have a rich language this period,
which provides it with a strong incentive to again invest in promoting its language. The
results in this section explore the implications of these dynamic complementarities.

The first implication is that language is persistent; firms that have rich languages this
period tend to have rich languages in future periods. This persistence arises from the trans-
mission of language from juniors to seniors and from the firm’s incentive to protect a rich
language.

Result 6.a) Language is persistent: for all s > 0, E[Lis|L: = L] is increasing in L.

b) Firm value and retention policies are persistent: for all s > 0, E{w(Lits)|Ly = L] and
E[I®(Lyys)|L; = L] are increasing in L.

c) Greater retention this period leads to greater expected firm value and retention in
future periods: for all s > 0, E[w(Liys)|I®(Ls), Ly = L] and E[I®(Liys)|I*(L;), Ly = L] are
increasing in 17(Ly).

Result 6 part ¢) does not imply that it is optimal for firms to retain all their incumbents.
The firm may want to fire low-quality incumbents this period to enjoy higher current cash
flows in exchange for lower future cash flows.

A basic empirical implication of Result 6b) is that firms’ book to market ratios should
be very persistent, a fact that is strongly supported by evidence (e.g. Fama and French,
1995). Cohen, Polk and Vuolteenaho (2003) show that, controlling for industry effects, book
to market ratios are highly persistent at leads of 15 years. They also show that low book
to market firms (firms with poor language in our model) are significantly less profitable
at 15-year leads, which is consistent with our interpretation that rich language firms are
more valuable because they will produce greater profits. Mueller (1990) and Maruyama
and Odagiri (2002) show that long-run profit rates (relative to book value of assets) are
highly persistent, even at leads of more than 30 years. This evidence that firms are able to
maintain comparative advantages for long periods of time is consistent with our view that

organizational capital is valuable and that it is transmitted from one generation of managers
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to their successors. The evidence is, however, consistent with other models of organization
capital, such as brand name, that may be persistent over time.

Lane, Isaac and Stevens (1996) provide evidence that is consistent with the second part
of Result 6 b). They show that there is significant variation in turnover rates across firms
and that firm turnover rates are persistent, a finding that they regard as not well explained
by the existing theoretical literature. They also find that, controlling for changes in size of
workforce, firms that experience persistently high turnover are more likely to fail. This is
consistent with our model’s prediction that firms with poor languages (presumably the firms
most at risk for failure) are likely to experience high turnover rates (Result 3). Other models
of intangible assets do not naturally generate implications for turnover rates.

Result 7 shows that the richest languages are highly persistent. Terrible languages may
also be very persistent. Defining P to be the underlying probability measure, we state Result
7.

Result 7.a) Among firms with some language, a richer language is more persistent: for all
L>2, P(Liy1 = L|L, = L) is increasing in L.

b) Loss of language is less likely at better firms: for all L > 0, P(Lyyy = 1|Ly = L) is
decreasing in L.

c¢) Very poor language can be persistent: if p < KLH then P(Liy1 = 1|Ly =1) > P(Liyq =
2|L; = 2).

A high-grade language is very persistent because firms with such a language are more
likely to transmit their language and are less likely to acquire a new task that is covered by
their language. Rich languages are transmitted with greater probability because incumbents
are highly valuable in firms with such languages both in current production and in language
transmission and are therefore more often retained. Result 7 ¢) suggests that the probability
of language persistence may be u-shaped. A firm with a very poor language will have little
interest in retaining its incumbents and may therefore languish in a state of low language.

Levonian (1994) and Mueller (1986) report that the persistence of profit rates is highest
for the most profitable firms. That is, the most profitable firms exhibit the slowest reversion
to industry-mean profit rates, a finding that is consistent with Result 7 a) and b).

Result 8. Firms can generate higher than optimal current period cash flows by over-firing,

but not by under-firing.
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A formal statement of Result 8 and its proof is found in the appendix.

The intuition for Result 8 is that over-firing can generate higher current profits by bring-
ing high-quality replacements into the firm. The cost of over-firing is that it makes language
transmission less likely, thereby effectively reducing the capitalized value of the firm’s lan-
guage. The firm is essentially ignoring the dynamic complementarities generated by its
organizational capital. Under-firing invests too much in preserving the firm’s language. The
retention of low quality incumbents will result in a lower profit this period.

Result 8 has the corporate governance implication that CEO compensation should not
be based solely on current profits and measures of physical capital, since this neglects the
organization capital of the firm. Sophisticated board monitoring is required to disentangle
the net effect of layoffs on current profits and on the value of the firm’s language.

Result 8 also suggests if CEOs maximize current profits and not total firm value (or if
they neglect organization capital in making firing decisions), then, controlling for current
profits, the extent of current firings should be positively related to short-term future profits
and negatively related to long-term future profits.

Hallock (1998) and Chen et al. (2001) find that the share price reaction to layoff an-
nouncements is negative. Chen et al. also find, however, that earnings and profit margins
increase significantly in the first three years after a layoff announcement.® This pattern
of layoffs generating increased short-term profits while destroying firm value is consistent
with Result 8 and an assumption that CEOs overweight current earnings in making labor
decisions.

The language of a firm affects both its current seniors and prospective managers.
Result 9. The expected payoff is higher for managers who begin the period as juniors in
firms with richer languages.

A formal statement of the result and its proof are given in the appendix.

Result 9 shows that there is a value to being in a firm with a rich language. A simple
extension of our model would set wages for juniors such that the total expected two-period
compensation is equal to some reservation value. In such a model, salaries for juniors would

be lower in firms with rich languages, while the seniors in these firms would be well paid

8Firms’ improved short-run profitability following the announcement suggests that layoffs do not signal
short-term negative news but rather some destruction of long-term value.
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(Result 5a)). Our theory thus predicts that the gap in compensation between juniors and

seniors will be greater in firms with rich languages.

V. Earnings-Insensitive Pay

We now extend the model to consider the case in which transmitting the firm’s language
requires additional effort on the part of seniors. We will assume that seniors must receive
fixed compensation u offsetting their effort costs to induce them to attempt to transmit the
language to the juniors. We will refer to this payment as earnings-insensitive since it is
unrelated to the physical output generated by the seniors this period. Since the earnings-
insensitive compensation leaves the seniors indifferent about attempting to transmit the
language, it will have no effect on their decisions to quit or remain with the firm. The firm
can choose how many seniors to retain and it may then choose how many retained seniors
will receive the payment u. Replacement seniors will clearly not receive any performance
insensitive payment since they cannot facilitate transmission. The convexity of the trans-
mission function p shows that either all or none of the retained incumbents will receive w.

The firm’s problem is to maximize
%&u(I, ﬁnw) = MaTme{o,1,...,1}
mazicm {0F [p(i)maz pic pyopyw(LY) + {1 = p(i)ymaz o gy w(L?) —iu] ) (5)

+(1-19) ?{tm[g(m) g(D)]+ Ng(1) + Z vl —i—n IZman

Result 10 describes the firm’s optimal policy in paying earnings-insensitive pay.
Result 10. a) Replacement seniors will not receive any earnings-insensitive payment.

b) The probability that earnings-insensitive compensation is paid is increasing in language
level L.

¢) Language transmission occurs with greater probability when earnings-insensitive com-
pensation is paid.

A proof of the result is found in the appendix.

Firms with richer languages have a greater interest in paying earnings-insensitive compen-

sation to incumbents in order to ensure the transmission of their valuable language. When

20



no earnings-insensitive wages are paid, incumbents will not work to transmit the language
and transmission is therefore less likely.

Result 10 a) suggests that the compensation of incumbents should have a relatively
low weight on earnings. This is consistent with Barro and Barro (1990) who find that
compensation growth is less sensitive to firm accounting performance for CEOs with greater
tenure. Bushman, Indjejikian and Smith (1996) find that individual performance evaluation
plays a larger role in determining the CEO bonus in firms with high market-to-book ratios.
Since compensating managers for language transmission requires individual performance
evaluation and not simply using accounting measures, their finding accords with Result 10
b). Bushman, Indjejikian and Smith also find that individual performance evaluation is
important for CEOQ’s with greater tenure, as suggested by Result 10 a).

We denote the total expected wages paid by the firm this period by

N -
Wo(l) = E [z m(gi,/\/f«,c)] .
i=1
Result 11 describes the relationship between the firm’s revenues and the wages it pays.

Result 11. The firm’s expected per-period wages and profits satisfy the following relationship

Wo(L) - (&) PrH(L) + p(D),

where p is an increasing function.

A proof of the result is found in the appendix.

Consider regressing wages on earnings for high- and low-language firms separately. Re-
sult 11 implies that the slopes in the two regressions will be the same, but the intercept will
be higher in the high-language firm sample. The (ﬁ) Pr(L) term represents the fraction of
output that managers receive from bargaining with the firm. Static (and dynamic) comple-
mentarities generate the result that (ﬁ) Pr(L) is increasing in the cardinality of £. The
p(L) term represents the wages that the firm is willing to pay to transmit its language. These
wages are higher for high-L firms because of dynamic complementarities. Transmission is
valuable independent of current performance, and the firm will pay managers to maintain

its language.
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VI. Mergers

We now consider a model of mergers between firms with overlapping tasks. The role of
language transmission will be central to our analysis. For simplicity we will presume that
all the tasks of the two firms are identical. The two firms are presumed to possess different
languages. We assume for simplicity that mergers are arranged after quitting and firing and
before task selection and production. In the transition period, the seniors of the two firms
produce as they would in separate firms, and the juniors select which of the two languages
they will learn. We will presume that coordination is critical to the language learning process.
We model this process in the following way. The juniors are ordered randomly. They each
select, in turn, the language to be learned. If all juniors select the same language and this
language is known by N seniors, then the language in all its richness is transmitted with
probability p(N*) € [0,1]. We assume that p is increasing and convex. If the juniors choose
the same language and it is not transmitted, they still learn the terms for the task chosen
this period. If the juniors do not all choose the same language, no language is transmitted.

This model provides a rationale for value creating mergers. If one firm has developed a

very rich language, this language may usefully be adopted by other firms performing similar
tasks. In our model, the choice of which language to adopt is left to the junior managers.
Since there is a payoff to learning a language, all juniors will follow the language choice of
the first junior. The value created by a merger is equal to the value of the merged firm minus
the values of the two constituent firms.
Result 12. a) A constituent firm’s language is more likely to be adopted as the richness of
its language increases and as the number of that firm’s incumbents at the time of the merger
increases. b) Value creation is decreasing in the language richness of the constituent firm
whose language is not adopted.

A formal statement of the result and its proof is found in the appendix.

Result 12a) predicts that the probability that the merged firm will take on the char-
acteristics of a given constituent firm increases in the market-to-book ratio and number of
employees of the constituent firm. These characteristics include the market-to-book ratio
and retention rates of the constituent firm.

For example, consider the merger between a small firm with a high retention rate and
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a large firm with a low retention rate. Result 12a) predicts that the probability that the
merged firm will adopt the retention rate of the small firm is increasing in both the size and
retention rate of the small firm. Result 12a) also predicts that the merged firm is more likely
to adopt the high retention rate of the small firm for lower values of the retention rate of
the large firm.

Result 12b) shows that the most efficient mergers are between firms with highly disparate
levels of language richness. The difference between the market value of the merged firm and
the sum of the market values of the constituent firms should be largest when the merger
is between firms with very different market-to-book ratios, as long as the firm with higher
market-to-book ratio is sufficiently large. Lang, Stulz and Walkling (1989) and Servaes
(1991) show that total returns on merger announcements are larger when target firms have
low market-to-book ratios and bidders have high market-to-book ratios. The bidders in their
samples are much larger than the targets, so if one assumes that the merged firm adopts the
language of the bidder, as seems reasonable, then their findings are consistent with Result
12 b).°

It is also an implication of Result 12 that the market-to-book ratio and retention rates
of the merged firm should closely resemble those of one of the constituent firms, rather than
reflecting an average over both constituent firms, since we have presumed that only one
language will survive in the merged firm.

We will say that a merger is a failure if the language richness of the merged firm is strictly
lower than the language richness of each of the constituent firms.

Result 13. a) The probability that a merger is a failure is increasing in the language richness
of the smaller firm. b) If the larger firm language richness is above one, the probability that
a merger is a failure is decreasing in the language richness of the larger firm.

A formal statement of the result and its proof is found in the appendix.

As the richness of the language of the small firm increases, it becomes more likely that
the merged firm will attempt to adopt the small firm language. This leads to a greater risk
of failure, since the small firm language is adopted only with a relatively low probability.

For sufficiently attractive small firm languages, this risk is worth taking.

9The extent to which these gains are permanent is unclear (Rau and Vermaelen, 1998, Mitchell and
Stafford, 2000, and Gregory and McCorriston, 2002).
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If the larger firm has a very low language level (i.e. L = 1), the merger cannot be judged
a failure, irrespective of its outcome, so increasing the richness of the language of the large
firm only reduces the risk of failure when the large firm language richness is above one.

We note that, in general, mergers will reduce the probability of language transmission.
Exporting a rich language via a merger can be beneficial, but also presents the risk of loss.

It is not the case that firms with rich languages should engage in unbridled expansion.

VII. Conclusion

This paper models the internal language of a firm and shows that firms with richer languages
will have higher market values. As a result of the static complementarities between incum-
bents induced by firm language, our theory predicts that employee retention will be greater
in firms with richer languages. We suggest that differences in organizational capital pro-
vide a rationale for inter-firm wage differentials between managers with identical observable
qualities. We also show that firms that have promoted their language in previous periods
by retaining incumbents have a greater incentive to preserve their language in the current
period. This dynamic complementarity between inter-temporal investments in language
generates long-run persistence in market-to-book ratios and turnover. We argue that this
persistence is likely to be strongest among firms with the richest languages. We demonstrate
that the optimal compensation of incumbents will include an earnings-insensitive compo-
nent, and that this component will be larger in firms with richer languages. In a simple
model of mergers, we show that value creation is greatest in the merger of two firms with
different languages, as long as the firm with the better language is sufficiently large.

Our model describes a firm’s language as its organization capital. This description of
organization capital meets two important criteria. First, the firm’s language cannot be
carried from the firm by departing employees. Second, the firm’s language is difficult to
imitate.

It is important that organization capital be tied to the firm, for otherwise it is difficult
to explain why employees and assets must stay together. Our notion of organization capital
represents a form of firm-specific human capital (Becker, 1993) since the firm’s internal

language has no value to a manager who leaves the firm. A coordinated en masse defection
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by all employees can typically be ruled out because of the coordination difficulty discussed in
Klein (1988).1° Hart (1989) argues that a threat of simultaneous defection by all employees
can be still be credible unless some physical assets are involved. In our model, the language
of the firm is used to describe the firm’s particular tasks and is therefore linked to the precise
equipment and production arrangement used by the firm.

For organization capital to have value, it must also be costly for competitors to replicate
(Rumelt, 1987). Our description of the firm’s organization capital ties it to information
possessed by the organization as a whole. We argue, consistent with Prescott and Visschler
(1980), that information processing is a central function of the firm. Inimitability arises
because the knowledge of a firm’s language is possessed by the firm’s managers and is not
accessible to rivals. Moreover, the language is related to the particular way the firm is
structured. In our model, learning and experience are necessary for the development of

11 These features combine to make the

each firm’s language (Arrow, 1962; Rosen, 1972).
acquisition of language within the firm time-consuming and difficult.

Our model of organization capital provides a unified framework linking firm market value,
labor practices, compensation and the outcome of mergers. The organization capital we
describe is difficult to measure directly but has potentially important effects on some of the
central characteristics of the firm. We argue that providing a structure for the sharing and

transmission of advice and new ideas is a central purpose of organizations.

Appendix

Proof of Lemma 1:
We define F(z) = [ f(z)dz. We may rewrite g(n) = n fa—s F~'(y)dy. For convenience
we define H(y) = F~'(y), giving g(n) = n [a-s H(y)dy. It can quickly be checked that
H' >0 and H" > 0 (since f > 0 and f’ < 0). We find
1 H(nr=L
g'(n) = /L_l H(y)dy — (n”)

n

> 0,

10The examples, such as Saatchi and Saatchi, or Salomon Brother’s bond trading group, that motivate
much of the arguments made in Rajan and Zingales (1998b) are cases in which there are only a few key
employees.

1Bahk and Gort (1993) empirically document, using individual plant data for one sample of 15 industries
and another sample of 41 industries, that “organization learning appears to continue over a period of at least
10 years following the birth of a plant.”
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where the inequality follows from the fact that H' > 0. Furthermore,
~H(%2)
g”(n) = T < 0.
It is clear that G is increasing. We find that
—H(n=L 1 (=L
G//(n) =9 <(n) +/ H(y>dy> — M
n n—1

The convexity of H shows that Vy € [%=1, 1]

n—1

() e ().

H(y) > (y —

This implies

which shows that G”(n) > 0.
Proof of Result 1:

We let ({d'},Z7) denote a profile of Markov strategies that are candidates for an MPE.
Given that the firm’s language includes tasks that are described by set L£; in period ¢, current

and future firm payoffs are a function of the exogenous variables

(e 9]

{232 = (D) ATud o) {0 {6}

t

and the strategies {d'} and Z%.

We presume that the exogenous variables ({05}, {05}, {0/ }{€is}, {&is}) are all mutually
independent and are independent of the {Tw} Since the per-period firm payoff 7 is bounded
by D := (1—-0)N(X + V), the state space of languages is finite and the exogenous variables

are independent over time, the firm’s total expected payoff may be written as a value function

w(Ly, {d'},I?) where w(-, {d'},Z%) : {0,1,..., K} — [0, & ].

e
We let a value function w € [0, %]K“ be given (viewing w as a point in RE+! rather
than as a function). Any point in [0, {2]%* is a feasible value function. The firm’s optimal

strategy Z™(w) is described in the text.
Suppose there is some m such that T,, = N, i.e., manager m knows that he is the last
manager to receive an outside offer. Given a set of tasks £ covered by firm’s language,

incumbent qualities {v;} and a set Z of incumbents who have chosen to remain with the
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firm (including manager m), manager m calculates his expected payoff from remaining in

the firm as a senior (recall that managers work only two periods) at
7"(Z) =

0 [ (TR Ll Aok 1) [0 (17 @ 0l (i 1) + {1 = 2 o0) 4 | 2.

(6)
If manager m is one of the retained incumbents, i.e., T™ (IR(I, {vi}, {U,-},L) = 1, with
probability % he will produce by communicating with other retained managers an enhanced
level of production to obtain a payoff of g (I B(Z,{v},{vi}, L)) in addition to fv,, but
with probability (1 — %) the task will not be covered by the language and the enhanced
production will only generate an additional payoff of #g(1) for the manager. The manager
does not observe {v.} at the time he makes his quit/remain decision but knows the joint
distribution of {v/} and calculates his expected payoff from deciding to stay. If this value,
given in (6), weakly exceeds his offer o then the manager remains with the firm and otherwise
he leaves. (The offer o will equal the value in (6) with probability zero.) This defines the
strategy of manager m when T, = N, which we denote by d (w).

We now proceed inductively. Given the strategies of the [th and all later managers to
receive their offers, we calculate the strategy of the (I — 1)th manager to receive his offer.
We assume that 7;_; = j and for simplicity we relabel manager 7 as manager [ — 1. We let
7' denote the set of managers who have already elected to remain with the firm. The set of
incumbents who will choose to remain with the firm depends only on Z’ and {T;, 0;};cpi-1,
where B := {i : T; > | —1}U{i : T; = 0}. For a given Z' and realizations {T}, 0; };c -1, we
denote the final set of incumbents who choose to remain with the firm by Z(Z', {T;, 0; }icgi-1)-
Given a set Z’ of incumbents who have elected to remain with the firm, manager (I — 1)’s
expected payoff to remaining with the firm is given by

NIy = Y e({Ti:ie BV >1-1)

{Ti:iEEl_l}

[ @@ AT 0w DiLicpios folo)d({or} e ). 7

Manager [ — 1 remains with the firm if and only if his outside offer o;,_; is below the

expected payoff given in (7). This describes the strategy of manager j when T;_; = j which
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we label d{),lfl(w). We have now detailed the strategies of each manager for all outcomes of
the {T;}.

For any proposed value function w, the strategies ({d'}(w), Z®(w)) generate a distribution
over the set of incumbents who choose to remain with the firm. We define a mapping
Q1 [0, 225154 — [0, 2] by

Y(w) = Eaiyw) 1R (w)) [@b(I, l,w)] (8)

for 1 €{0,1,..., K},

We claim that the mapping €2 defined by (8) is a continuous mapping. We let s €
[0, 215 be given and consider a sequence {s"}, s' € [0, {]5XTV¢, such that s" — s.
It is clear that the maximization problem (4) governing the firm’s strategy Z™(s) has a
unique solution for almost every {v}}, since the {v;, v/} are continuous random variables.
The problem (4) is continuous in the elements of s. Therefore, for every {v} for which
(4) has a unique solution, Z®(s") — Z%(s) pointwise. That is, Z%(s") — Z%(s) almost

everywhere. This implies that
. L
T (TR i o £) o (17) 7 + v

— T (T(s)(Z, {0}, {vi}, £)) [g (1) [[; + vl}
pointwise for almost every {v/}. Both T¢ and g are bounded, so Lebesgue’s dominated
convergence theorem (Billingsley, 1995, p.209) shows that
Yzr(1ny(Z) — Yzr(r)(Z). This in turn implies that d, 5 (s") — df, y(s) for almost every offer,
since the manager is indifferent between remaining and leaving with probability zero. We

argue inductively that given that df, ;(s") — df, ;(s) for almost every o; for all j > I, we have
I(II7 {T;n Oi}iEElfl)(Sn) - I(Zlv {Tlv Oi}iGEl”)(S)

for almost every {o;};epi-1. Hence for all 7', ¢ (Z') — ¢71(Z') and therefore df,; (s") —

dgy 1 (s) for almost every offer. We conclude that Vi € {0,1,..., K}

U (s") = Egaiysny,zr(sm) {%D(IJ, 3")}

— E({di}(s)lﬁ(s)) [1/)(1, l7 Sn)} — E({di}(s)gn(s)) [w(j, l, S)} = QZ(S).
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The first convergence follows from the fact that for all Z', dg, ;(s") — dg, ;(s) for almost

every o; and hence for almost every {o;}
I(Ilv {TZ? Oi}i)(sn) - I(Ilv {TZ’ 01}1)(8)

The second convergence follows from the continuity of (4) in the future payoffs. Since
the per-period firm payoff 7 is bounded by D, it is clear that € maps from [0, %] into itself.

The space [0, 2] is closed, bounded, convex subset of R¥*!. The Brouwer Fixed-

Point Theorem (Stokey and Lucas, 1989, p.517) shows that € has a fixed point wy €
[0, D]E*!. We claim that the associated profile of strategies

({d"}(wo), T™ (wo))

form an MPE.

The managers’ strategies by construction are best responses. We fix the ({d'}(wg) and
verify that Z%(wy) is a best response for the firm. We set
2 = ({1}, {Tis}, {035}, {#,}) and denote its associated measure by Q. For fixed man-
ager strategies the firm’s optimization problem may be viewed as a single-agent dynamic

programming problem. The function wy has been selected to solve the problem

@)= B2 | sw [rln) N0+ [ untole. N carioare]| o

IRCI(L,?)

where Z(L, 2') is the set of remaining incumbents, y; = v; if i € Z% and y; = v} if i ¢ ™ and

¢<£,IR,E,£) _ max {argmax0<L1<#(£UE;w(L1)} if p(IR) > 5
max [argmazo<rz<w(L?)] otherwise.

We define ¢, = ({&.s1},{&.s1}, 7)) and

L) = swp [rluh L)+ [wlo(L, TR e, £)F()AR(E)|  (10)

TRCI(L,2,)

The firm’s strategy Z™(wg) by construction corresponds to the optimal policy solving the

problem (10). We have wo(£) = E.; | [v(£, gs+1)] which implies that

v(L,q) = sup
IRCI(L,2)

W({yi}az.R? ﬁ) + 5 / U(¢(£71R7 €s, fs)a QS-i-l)sz;Jrl (Z;—f—l)dFe(es)dFé(SS)
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= sup ﬂ-({yi}vsz7 [’) +9 / v(¢<£aIRv €s) 65)7 qS+1)qus+1 (QS-H)

TRCI(L,2,)

Since the firm’s profit is bounded from below at zero and the function wyq is bounded, the
Principle of Optimality (Stokey and Lucas, 1989, p.256-258) shows that wy is the firm’s value
function and that Z™(wjp) describes the firm’s optimal choice in the dynamic programming
problem. This verifies that Z®(wy) is a best response.

We can show that the value function w associated with any candidate MPE profile
({d'}, I®) satisfies condition (9). Since the firm’s payoffs are non-negative and bounded, the
sum of the firm’s discounted future payoffs may be calculated in each state. We define this
sum wzr to be the firm’s value function. Since strategies are Markov, the value function is a
function of only the current state. The strategy Z* is required to be a measurable function
of the state and must maximize the firm’s expected payoff at each state given the strategies
of the managers. In the language of Stokey and Lucas (1989, p.254), Z® is a global plan,
so the associated value function is measurable. Minor modifications to the argument given
on Stokey and Lucas (1989, p.252-253), show that w must satisfy equation (9) and that the
Markov strategy Z™ must coincide almost everywhere with an optimal policy associated with
(9).

Proof of Lemma 2:

We define a history of received offers h' := {{T} : T; = I}}}_,. For a given realization
h'7 and h?7 € {0,1}7, we define a history h? := (h'J h?7). The term h*J represents a record
of the remain/quit decisions made by the first j managers to receive offers. If h'I(i) = ()
then we fix h?/ = 1. We define (E7|h') = {i : (T;|h*7) > jY U {i : (T;|h"7) = 0} to be the

set of managers who have not received an offer by the time the jth offer is made, and we set
(27 11M) = (TR Yieqzoppoys 10 i@y, L@} {&} {&))

to be the exogenous variables not yet realized by the time the jth manager makes his decision

(e.g. whether the other managers will receive outside offers and what those offers will be).

We denote by Z(w, L, (2.|h?)) the set of incumbents who elect to remain in the firm given a

history i/, a realization zi of the exogenous variables and the strategies of the managers.
Formally, Lemma 2 states the following:

Let two histories h? and h] be given such that k7 = hy7 and Vi € {1,...,5} h27(i) <
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hi”?(i). For any realization 2. of (2.7|hL7)

a)I(w, L, (}|h})) € T(w, L, (2, |h})).

IR (Z(w, L, (1 |h}))) € % (T(w, L, (2}|1))) .

Reorder the managers such that (viy1 — v ) > (v; —vj) for all ¢ € {1,...,I}. Base
case: j = N. In this case, Z(w, L, (2.|h!)) C Z(w, L, (.|h])) by the definition of a history.
Consider manager i € Z® (I (w, L, (zi|hﬁl))) Suppose that manager ¢ has the ath highest
index in Z(w, L, (#%.|h?)). That he was not fired by the firm implies that

[p(a) — pla —1)]E [maxﬁlgtu{,;t}w([}) - maa:LQQ{,;t}w(LQ)}

+a —e)f;[a(a) —Gla—1)] > — o (11)

Suppose that manager i has the bth highest index in Z(w, L, (2.|hi)). It must be that b > a.
It is clear that
1" (Z(w, L, (4 |B))) < 1% (Z(w, L, (4 |1))) .

since retaining a given number of incumbents is always more appealing to the firm when
it draws from a larger pool. The convexity of p and G and inequality (11) then show that
i € IR (Z(w, L, (< |h}))).

Induction: Assume the statement holds for j = ¢. Let two histories 2! and hi ' be given
such that hL*~1 = by and Vi € {1,...,t—1} h2*71(i) < hp'~'(4). Let any realization 2!

t71|h17t—1
a

of (#; ) be given. Under this realization consider i such that 7; = ¢ (we will later

consider the case in which there is no such 7).
We let NO = {i : T, <t —1}, N4, = {i : 3j < t—1,T, = j,h2'(j) = 0} and
NA ={i:3j<t—1,T; = j,h>"'(j) = 0}. If

di(Oh tuMOaA/A’Aaa {Ui}7 L) S di(oiu t7MO>MAb7 {Ui}7 L)

or if no such 7 exists, then the induction assumptions apply and give the result. Moreover,

it cannot be that
di(oia t7-/\/A‘OvNAa7 {Ui}, L) =1>0= di(oivtuj\foaNAh {Ui}7 L)
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since the payoff to manager i to quitting is the same under both histories (he receives his
outside offer), while the expected payoff to remaining is higher under k!, by the induction
assumption (part a) and (6).
Proof of Lemma 3:

Formally, Lemma 3 states the following:

Let L* < L’ be given. For any history h’/ and any realization zi of (Z.7|h%)
a)Z(w, L%, (ZL W) C T(w, L', (2 |W7)).

D)IR (Z(w, L%, (Z4|W))) € 7 (Z(w, L', (= |17))) -

Base case: j = N. We have Z(w, L, (2} |h?)) = Z(w, L, (#.|h7)). In this case the result
follows directly from (4). Under L® the firm has a greater incentive to retain managers both
for current production and to achieve a higher future language level.

Induction: Assume the statement holds for j = t. Let a history (h'~!) and any realization

271 of (Z47'|A71) be given. Under this realization consider i such that 7; = ¢ (we will
later consider the case in which there is no such 7). We let N© = {i : T; < ¢t — 1} and
NA={i:3j <t—1,T,=j h>1(j) =0} If

(05, t, NO,NA {v;}, L?) = d'(0,t, NO,NA, {v;}, L)
or if no such ¢ exists, then the induction assumptions apply and give the result. If
&' (01, t, NO,NA, {v,}, L) < d' (05, t, NO, N4, {v;}, L")
then Lemma 2 and the induction assumption show that the result holds. It cannot be that
d' (03, t, NONA v}, L7) = 1 > 0 = d'(0;, t, NO, N4, {,}, L")

since the payoff to manager 7 to quitting is the same, while the expected payoff to remaining
is higher under L?, by the induction assumption (part a) and (6).
Proof of Result 2:

We let w € [0, 255 be given. The firm’s maximization problem (4) shows that

L < I = (T, L% w) < (T, L', w).
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We denote the solution to (4) by m(Z, L,w). We have m(Z, L*, w) > m(Z, L%, w), implying
that any manager retained when L = L is also retained when L = L®. For a given value func-
tion w, language richness L and outcome z of the exogenous variables, we define Z(w, L, z)
to be the set of incumbents who elect to remain with the firm. Lemma 3 (part b) shows that
if L < LY then Z(w, L% z) C Z(w, L’ z). Since I; C Iy = (1, L, w) < ¥(Is, L,w), this
shows that Qpa(w) < Qpe(w). So Q([0, 125]5 ™) C U where

K D K+1 .

U:{{ui iZOE[O,m] :ujguj+1‘v’]€{0,...,K}}
which demonstrates that in any possible equilibrium firm value is increasing in the richness
of language.
Proof of Result 3:
Formally, Result 3 states the following:

If Ly > L, then for every realization z of the exogenous variables
a)Z(w, Ly, z) C Z(w, Ls, z)

b)IR (I<w7 Lla 2)7 2 Ll) - IR (I(w7 L27 Z)a = L2> :

That is, each manager is less likely to quit and more likely to work for the firm this period
under language Lo than under language L.

Lemma 3 proves Result 3.
Proof of Result 4:

Formally Result 4 states the following:

Consider Firms A and B with identical managers and histories hil and hfg, respectively.
If the firms have a common history of received offers, hh’j = h}g’j , but Firm A has experienced
more quits than Firm B this period, Vi € {1,...,j} h%’ (i) < h% (i), then for any realization
2] of the exogenous variables (zér]hf;‘), if manager m remains in firm A, m € Z(w, L, (2|l)))),
then he also remains in firm B, m € Z(w, L, (2% |h])).

Result 4 follows directly from Lemma 2.
Proof of Result 5:

Formally, Result 5 states that given incumbent and replacement qualities {v;} and {v}}

respectively, a set J7 of retained incumbents and a firm language that covers a set of tasks

L:
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a) m(yi, =, L) is increasing in L and J® and 7;(b, I, L) > 7;(b,T*, L) if i € J® and
jET"
b) If L% < LV, then 2P

A D B TR
N

a) Follows directly from (2). b) Given a set N2 of retained incumbents and a set of tasks

covered by language L, the realized average wage premium is

Shi(wnZ, L) 0 (%) Ila() — g(1)]
N - N '

Lemma 3 shows that for any outcome z of the exogenous variables, Z(w, L?, z) C Z(w, L?, 2).
Proof of Result 6:

Given that L; = L, the distribution over future language states is given by

L +1 with probability KT_L) [p(Ir(I(w, L, z))dQ
Liyi=4 L with probability %) [p(Ir(I(w, L, 2))dQ
1 with probability (1 — [ p(Ig(I(w, L, 2))dQ)

By Lemma 3, [p(Ir(I(w, L, 2))d@ is increasing in L, so the conditional distribution of
L. 1 is increasing in L in the sense of first-order stochastic dominance (FOSD). The transition
from the firm’s language state this period to its state next period is governed by a Markov
transition matrix m = {Wij}%z{f . The work above shows that 7 has the FOSD property:
Zi:o 7 18 weakly decreasing in ¢ for all 7 < K. We denote the language state at period u
by ¢4, a 1 x (K + 1) row vector. If the state in period w is L, then the (L + 1)st element of

¢y is equal to one and all other elements are zero. For all s > 0 we have

Cits = Ctﬂ's. (12)

We suppose that a and b are two (K +1) x (K +1) matrices each with the FOSD property.
We will show that ab has the FOSD property. We let iy, 49, j € {0, ..., K} be given such that
iy < iy. We have S7_g(ab)s,, = X5 ay,r (zgjzo bm). We may view {a;,, }X , and {a;,, } 5, as
distributions over the (K + 1) states, and by the FOSD property, {a;,, }2, FOSD dominates
{ai. . Since b satisfies the FOSD property, (zg’zo b,.s) may be viewed as a decreasing
function of . We have

J

> (ab)iy, = Z iy (Z brs) > Z Wiy (Z brs) = Z ab)iyr,

r=0 r=0
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which shows that ab has the FOSD property. This shows that 7'~% has the FOSD
property, so the conditional distribution of L; ¢ is increasing in L in the sense of FOSD.
This shows part a). Results 2 and 3 show that firm value and retentions are increasing in
the language state which shows part b).

Given Ir(L;), the distribution over future language states is given by

L+1 with probability (£2£) p(Ir(Ly))
Livi=19 L with probability % p(Ir(Ly))
1 with probability (1 — p(Ir(L:)))

The conditional distribution of L, is increasing in Ir(L;) in the sense of FOSD. Given
two 1 x (K + 1) row vectors ¢! and ¢ such that ¢' dominates ¢® in the sense of FOSD and
given that (K + 1) X (K + 1) matrix a has the FOSD property, we will show that ¢'a FOSD

dominates c?a. We have that for any j, ZZ:O a,s is decreasing, so
J k J k J J
dcta)y =>"et Y as <D ED ans =Y (Pa),.
r=0 r=0 r=0 r=0 r=0 r=0
The result follows from noting that ¢,y = ¢, 7L
Proof of Result 7:
Part a) follows from noting that (%) Jp(Ir(I(w, L, 2))d@ is increasing in L. Part b)

follows from the argument given in the proof of Result 6. For part c),

K -1

P(Liy =1{L=1) = 1= (2= ) [ p(Ia(I(w.1.2))dQ

> (f{) [ pIn(1w,2,2))dQ = P(Liiy = 2|1 = 2),

K

where the inequality follows from p < 5.

Proof of Result 8:
For this result we will consider the firm’s current profits and future value separately.

Define

L I—-m . I
ac(Z,w, Ly, m) = (1 —0) ?tm[g(m) —g(1)] + Ng(1) + Z v, + Z Un |,
n=1 n=I—-m+1

a(Z,w, L, m) = 0F [p(m)w(#(L, U {k})) + {1 = p(m)yw(#({k:})] -
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Formally, Result 8 states the following:

Suppose m* maximizes firm value (4). If m' is such that a.(Z, w, Ly, m') > a.(Z,w, Ly, m*)
then m* > m/.

We will show:

i) If m > m* then a(Z,w, Ly, m) > a(Z,w, Ly, m").

i) Suppose m' is such that a.(Z,w, L;,m') > a.(Z,w, L;,m*). Then m* > m/.

Part i) follows from the fact that w and p are increasing. For Part ii), suppose m’ >
m*. By part i), this implies that a(Z,w, L, m') > a(Z,w, Ly, m*). If a.(Z,w,Ly,m') >
a.(Z,w, Ly, m*), this would show that m* does not maximize (4), which is a contradiction.
Result 8 follows from Part ii).

Proof of Result 9: For a fixed realization z of the exogenous variables, and given the
strategies of the firm and the managers and the richness L of the firm’s discourse L, for all
i such that T} # (), we can write manager ’s quit/remain decision as d’(z, L). We define the
total payoft 7; of manager ¢ who began the period as an incumbent by

mi(w, L, 2) = { 32(1'(10,[/,2’)) ftl?;rfviqs)eand =

Formally, Result 9 states:

If L' < L2 then §E[ri(w, Li1, 2)|Ls = L) < §E[7i(w, Lyy1, 2)| Ly = LY.

First we show that if L* < L’  then

Elr(w, L1, )| Leyy = L) < Elri(w, Ly, )| Les = LY. (13)

We set & = {i : T; < j} and define 77 := ({&:}, {Ti};ces, {0 }icgs) to be the ex-
ogenous variables observed by the jth manager to receive an outside offer. For a given
realization 2/ of these exogenous variables, for s € {a,b}, we further define a history

ho(2L) = (h19(27), h29(2))) recursively in the following manner:
h?(22) = ({T;: T = U},
h27(2L) = d"™(om, 1,0,0, {v;}, L)
for m such that T,, = 1. For [ > 1,
W29 (250 = (h(2L), d™ (0, 1+ 1LLNO N4, {u}, L?)
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for m such that T}, = [+1, NO = {i : T; < [} and NA = {i : 3j < I, T; = j, h2I(zL)(j) = 0}.

We note that Lemmas 2 and 3 show that h27(2)) < h?(2) for all 2.

We let a realization z of the exogenous variables be given. If T; = (), then Lemma 3
shows that 7¢(w, L%, z) < 7%(w, L, 2), so 7;(w, L 2) < 7i(w, Lb 2). If T; = m for some
m € {1,..., N}, we have for all realizations 27" of (z.™[z™) I®(Z(w, L%, (=7|h(z™)))) C
IR(Z(w, £b, (27|hy*(2™)))) by Lemmas 2 and 3. Since manager i chooses the best option

and quits or remains given his conditional expectation of the payoff to remaining,
Blri(w, L%, 2)|hg' ()] < Blri(w, L', 2)| by ().

Inequality (13) follows from the law of iterated expectations. The result then follows from the
fact that the conditional distribution of L;,; given L; = Ly FOSD dominates the conditional
distribution of L;y; given L; = L1, as shown in the proof of Result 6.

Proof of Result 10:

It is clear, for part a), that paying u to replacements yields the firm no benefits.

For parts b) and c), it is necessary to show that Results 1 and 2 and Lemmas 2
and 3 hold in the modified model. The proof of Result 1 follows directly, with a sim-
ple modification in the definition of ¢. Set w; = max [argmaxongg#(we)w(Ll)} and
wy = max [argmazo<rz<;w(L?*)]. Then

wy if p(I7) > € and p(I7)(wy — we) — Iu > p(0)(w; — ws)
wy if p(I7) < € and p(I7)(wi — wa) — Ifu = p(0)(wr — w2)
wy if p(0) > & and p(I7)(wy —w2) — Tgu < p(0) (w1 — wy)
wye otherwise.

(bu(E?IR? 67 g) =

The proof of Lemma 2 is analogous to that given previously since E[max{p(z)(wi—ws)+
wy — xu, p(0)(wy; — wy) + wy}] is convex in x. This follows from the convexity of p and the
fact that the maximum function is increasing and convex.

For the proof of Lemma 3, we let £* and £’ such that L* < L% be given. We will
show that more incumbents are retained under L°. We define w? = max o pw(L), w§ =

maxcropw(L) and wb = maxscpw(L).
It is sufficient to show that for any m
E [maz{p(m)(w] — we) + wy — um, p(0)(w] — we) + wa}] —
E [max{p(m — 1)(w} — wz) + wy —u(m — 1), p(0)(w] — wy) + wa}]
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< E [maz{p(m)(w} — wa) + wy — um, p(0)(w§ — ws) + wa}| —
E [max{p(m — D) (wh — wy) + wy — u(m — 1), p(0)(w§ — wy) + wg}] .

For any given k, if p(m — 1)(w{ — wa) + we — u(m — 1) > p(0)(w§ — ws) + woy then the
result follows from the convexity of p and w® > w{. If p(m — 1)(wé — wy) +wy —u(m — 1) <
p(0)(w§ — wy) + we, case by case analysis shows that the result holds.

The modified Result 2 follows directly from the modified Lemmas 2 and 3. For the proof
of part b) of this result, consider £* and £° and let an outcome of the exogenous variables
be given. We denote the choices of m under £* and £° by m® and m® respectively. The

b

modified Lemma 3 shows that m® < m’. Performance insensitive pay is paid under L£® if

and only if

(p(m*) — p(0)) (w} — wz) > um*
= (P(mb) - p(O)) (w§ — wy) > um® (14)
= (p(m") = p(0)) (w} = w5) > um’

where the first implication follows the convexity of p and the second from the fact that
w? > w{. This shows that performance insensitive pay is paid under £° as well.

For the proof of part c) of this result, we note that the language is transmitted with
probability p(0) when no performance insensitive pay is paid. When performance insensitive
pay is paid, the transmission probability must be at least this high.

Proof of Result 11:

The expected wages generated by bargaining over output are given by (1%9) Pr(L). For

a given value function w, language L and outcome z of the exogenous variables, we denote

the number of managers receiving performance insensitive pay by I*%(w, L, z). We have
I (w,L,2) = 1" (T(w, L, 2), 2, L)

if
(p(IR (Z(w, L, 2),z,L)) —p(O)) (w(L) —w(0)) > Ig (Z(w, L, 2),z, L) u

and I7!(w, L,z) = 0 otherwise. Modified Lemma 3 and (14) show that the amount of

performance insensitive pay is increasing in L.
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Proof of Result 12: We denote the two merging firms by Firm 1 and Firm 2, with languages
that encompass tasks given by sets £; and £, and numbers of remaining incumbents N; and
Ns, respectively. The value functions for the values of the constituent firms are w; and ws,
and the value function for the merged firm is w.

The language of Firm 1 will be selected if and only if
BNV E [T (w, #(L£1 U k), )] + {1 = H(N)}E [rn (w0, 1, 2)] >

BN2)E [1in(w, #(L2 U K), 2)] + {1 = (N2)}E [ (w, 1, 2)]
= p(NV)(E [7m(w, #(L£21 U k), 2)| = E[rm(w,1,2)]) >
BIN2)(E |7, #(L5, U k), )| = E [ (w, 1, 2))). (15)

We denote the selected language by s(L1, N1, Lo, No) € {1,2}. Formally, if the language

s is selected the value A created by the merger is

A(L1, N1, L2, N2) = B(N, [w#c Uk))] + {1 = BN)}YE [w(#(k,))]
DE [wn(#(L: U E))] — {1 = p(N)}E [wn (1))
2) B [wa(#(L5 U k)| = {1 = p(N)}E [wa(#(R2))] . (16)

Formally, Result 12 states that

a) If s(L1, N1, Ls, No) = 1 then s(L, N, Ly, Ny) = 1 for all N > N; and £ such that
L > Ly (and analogously for Firm 2).

b) Suppose Ny > Ny. If Ly > Lo, > Loy, then
S(L1, N1, Log, No) =1 = s(L4y, Ny, Loy, No) and
A(Ly, N1, Loy, No) > A(Ly, Ny, Log, No). If s(L14,N1,Ls,No) = 2 and Ly, > Ly, then
A(L1p, N1, Lo, No) > A(L14, N1, Lo, No)

a) This follows from inspection of (15) and (13). b) For the first statement, it is clear from
(15) that under both mergers the language that is adopted by the merged firm covers tasks
given by set £;. The merger with Firm 2a results in the loss of a more valuable language
(last two terms in (16)). For the second statement, the language adopted covers tasks Lo,
and the merger with Firm 1la results in the loss of a more valuable language (third and fourth

terms in (16)).

39



Proof of Result 13:

We denote by L,, the realized language of the merged firm. We will say that a merger is
a failure if L,,, < min{Ly, Ly}.

Formally, Result 13 states that

a) If Ny > Ny then P(L,, < min{Li, Ly}|Ly = a) is increasing in a.

b) If Ny > Ny then P(L,, < min{Ly, La}|Ly = by) > P(L,, < min{Ly, Ly}|L; = by) for
all by > by > 2.

Part a): It will always be the case that L,, > 1, so if @ = 1 then

P(L,, <min{Ly, Ly}|Lys = a) = 0.

We now let as > a; > 1 be given.

If Nl = NQ then
P(Lm < min{Ll, L2}|L2 = CLl) =1 —]5<N1> = P(Lm < min{Ll,Lg}]LQ = CLQ).

We now suppose N; > Ny. If s = 2 when Ly = a; then by result 12a, s = 2 when

Lo = ay. In this case
P(Lm < m’L.’I'L{Ll, L2}|L2 = al) =1 —]3<N2) = P(Lm < min{Ll,LQHLQ = (IQ).
If s =1 when Ly = ay

P(Ly, < min{Ly, Ls}|Ly = ay) = 1 — p(N;)

< mm{l —ﬁ(Nl), 1 —ﬁ(NQ)} < P(Lm < mm{Ll, L2}|L2 = CLQ).

Part b): As in part a), if N3 = Ny, then the probability of failure does not depend on b
(for b > 2).
We now suppose N; > Ny. If s =1 when L; = b; then by result 12a, s = 1 when L; = bs.

In this case
P(Lm < mm{Ll, L2}|L1 = bl) =1 —]3<N1) = P(Lm < min{Ll,L2}|L1 = bg)
If s =2 when L; = b;

P(Ly < min{Ly, Ly}|L1 = b)) = 1 — p(Ny)

> ma:v{l —ﬁ(Nl), 1 —ﬁ(Ng)} > P(Lm < min{Ll, L2}|L1 = bg)
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