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Abstract

Where does corporate culture come from? In trying to answer that question, this paper also
suggests a new perspective on the relationship between corporate culture and performance.

The paper does essentially two things. First, it develops a simple model of corporate culture,
based on the notion of culture as shared beliefs or assumptions, as suggested by the management
literature. Culture, in this model, evolves from the common experiences of a firm’s members.
To partially validate the model, I show that it captures the following stylized facts. The culture
of a firm is heavily influenced by the initial beliefs of the founder or early leader, and can persist
even long after that founder or early leader is gone. External succession of a CEO is more likely
to lead to a change in corporate culture than internal succession. Otherwise identical firms may
develop very different cultures. Suboptimal cultures may persist, even if the members of the
organization know that their culture is almost surely suboptimal.

Second, the paper uses this model to study the key link between culture and performance. It
shows that, even without any effect of culture on performance, there will be a positive correlation
between the two. This result questions some received wisdom about corporate culture.

1 Introduction

This paper starts from a simple stylized fact: organizations tend to be more homogenous in terms
of beliefs, values, and behavioral patterns than society at large. Moreover, these shared beliefs
and norms are fairly constant over time, giving the organization a kind of ‘personality.” In the
management literature, such shared beliefs and values are often referred to as ‘corporate culture’
(Burns Stalker 1961, Schwartz and Davis 1981, Peters and Waterman 1982, Donaldson and Lorsch
1983, Schein 1985, Kotter and Heskett 1992).

*MIT-Sloan School of Management (evds@mit.edu). This paper benefitted greatly from two extensive discussions
with Bob Gibbons, the discussion by Ben Hermalin, and very useful remarks from George Baker, Oliver Hart, Ed
Lazear, Jesper Sgrensen, Birger Wernerfelt, the participants in the NBER organizational economics conference and
the MIT organizational economics lunch, and the seminar participants at USC, and from the guidance of Bengt
Holmstrom and John Roberts. REMARK: this paper does not yet reflect the suggestions by the USC seminar
participants, Kevin Murphy in particular.

1Section 2l discusses more extensively the concept ‘corporate culture.” While there are some important alternatives,
this definition of culture as shared beliefs (or mental models) and values that drive behavioral norms is the most
prevalent in the management literature (e.g. Burns Stalker 1961, Schwartz and Davis 1981, Peters and Waterman
1982, Donaldson and Lorsch 1983, Schein 1985, Kotter and Heskett 1992).
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The phenomenon has important economic implications. Homogeneity in values and beliefs sim-
plifies delegation (Aghion and Tirole 1997, Dessein 2001), communication (Crawford and Sobel
1982), and coordination (Crémer 1993), but may reduce the incentives to collect information
(Van den Steen 2002b). The persistence of such beliefs might help explain the persistent dif-
ferences in performance of firms in the same industry (Mueller 1990, McGahan 1999). Indeed, the
business press often explains business successes and failures by referring to the reigning corporate
culture.?

Homogeneity in beliefs and values is also important for agency theory in general, because the
latter tries to deal precisely with heterogeneity in objectives. In particular, the above observations
suggest that stable organizations might have an innate ability to minimize agency problems by
generating internal homogeneity. In other words, organizations might prevent agency problems
rather than solving them. Might this be one of the advantages of a firm over a market?

To understand these issues, their implications, and the potential to manage them, we need to
understand the origin of this homogeneity. Two explanations come up quite naturally.

1. Over time, the members of an organization develop similar mental models and beliefs since
they share the same experiences. This leads them to hold similar values and to act in similar
ways.

2. Organizations select and retain people who have beliefs and values that are similar to their
own. Such sorting also leads to similar behavioral patterns.

This paper focuses on the first explanation, while the sorting story is studied in Van den Steen
(2002a).

The model The paper studies a model in which a number of firms are each faced with a multi-
armed bandit problem.? For reasons I discuss in more detail in Section 2.4, I focus on the case that
the actions and outcomes of a firm are observed by the members of that firm only. Members of the
same firm thus have identical experiences, which differ from these of members of other firms. As a
consequence, the beliefs of a firm’s employees will converge more than in society at large. Having
similar beliefs, the employees of a firm will tend to act in similar ways. The firm thus develops a
culture in the sense of shared beliefs that drive similar behavior.

After establishing these basic facts, I try to partially validate the model by showing that it
passes the ‘minimal test’ of exhibiting certain stylized facts regarding culture. I show, for example,
how the beliefs of the founder have an important influence on a firm’s culture, that a culture can
persist even in the view of complete turnover, that structurally similar firms may develop very
different cultures with different levels of performance, that outsider successors to a CEO are more
likely to cause change than insiders, that suboptimal cultures may persist, even if the members of
the organization realize that their culture is almost surely suboptimal. I also discuss how turnover
and multiple decision-makers would play out in the model.

2Some famous examples include the aggressive culture of Microsoft, the sales culture of Oracle, the rebel culture
of Apple, the cowboy culture of Enron. Incompatible cultures are considered an obstacle to mergers and acquisitions,
while culture is also cited as a major hurdle for corporate change.

3In a bandit problem, a firm has to choose repeatedly a course of action among N different possibilities. The
expected returns of the actions are unknown, but firms learn them over time by observing realized returns. When
choosing an action, a firm trades off immediate returns (from choosing the action which seems to have the highest
expected payoff) against future benefits from learning (by choosing other actions).



After this partial validation, I draw one important new insight from the model. I show in
particular that there will be a correlation between cultural strength and performance, even when
the homogeneity of beliefs has no direct impact on performance. This casts some doubt on the
culture-based literature that cites such correlations as proofs that culture is valuable and then
goes on to explain why it is valuable. While my analysis does not imply that homogeneity is not
valuable, it suggests that care must be taken when interpreting such correlations.

Before proceeding to the literature review, it is useful to make two remarks regarding the
information and beliefs in this model. The first is that the model assumes, as mentioned earlier
and discussed in more detail in Section 2.4, that the information about actions and outcomes is
difficult to communicate. People only ‘get it’ through personal experience, personal observation of
others, or through a long process of learning from stories and symbols. The reason for focusing on
this type of information is the fact that information that is easy to communicate will diffuse quickly
to society at large and cannot therefore be the basis of a distinctive culture. Hence, I exclude such
factual information from the model. The second remark is that agents in this model are commonly
known to have differing priors. The reason for the assumption is that differences in beliefs are at
the heart of this theory and assuming common knowledge of differing priors is the most transparent
way to model this* Appendix [Al discusses this in more detail and considers the implications and
complications of imposing a common prior.

The Literature. The papers that are most closely related are Crémer (1993) and Lazear (1995).
Crémer (1993) defines culture, following Schein (1985), as a stock of shared knowledge and argues
that it improves the efficiency of information processing. Most of the paper is an informal discussion
on communication, but it also presents an interesting team-theoretic model that shows how shared
information may improve coordination. While it starts essentially from the same definitions as the
current paper, there are three key differences. First, Crémer seems to focus on factual information
that is relatively easy to share (at some fixed cost). Second, the model does not really deal with the
genesis and evolution of culture, but focuses on its effects. Some of Crémer’s comments suggest that
the content of culture is a simple managerial choice. Third, except for the initial cost of sharing
the information, more culture is always better in his model. As a consequence, the model has no
natural explanation why culture might be dysfunctional or why firms in the same industry with
similar history might end up having very different cultures.

Lazear (1995) also defines culture as ‘shared beliefs, values and technology’ and considers a
‘genetic’ evolutionary model of corporate culture, built on the assumption that culture is contagious
but that management can influence the reproduction rates of the different ‘genes.” This work is
complementary to the current paper in that it provides an alternative perspective how culture might
evolve. It also contains a broad overview of the non-economic literature on the topic. The strength
and weakness of the paper lies in its level of abstraction. Without much micro-foundations, the
paper assumes that cultural traits are like genes, that they are contagious, and that management
can affect the transmission of culture. The most important difference, however, is that the paper,
like most, implicitly assumes that homogeneity is valuable. As a consequence the model has no
natural explanation for dysfunctional cultures or for the fact that structurally similar firms might
end up with very different cultures.

An important alternative model of culture is that presented by Kreps (1990) and further clarified

4The assumption is formally not required for the theory if we are careful as to ‘who knows what when.” But the
model becomes awkward because I have to make people disagree without openly doing so. See Appendix |Al for a
further discussion.



and interpreted by Hermalin (2001). As Hermalin points out, there are in fact two notions of
corporate culture in Kreps’ paper. The first notion, and the way the paper is usually interpreted, is
that of culture as a mechanism to coordinate in the presence of multiple equilibria. Culture is thus
a pure convention, analogous to driving on the left or on the right. Note that such culture is very
fragile. While this idea of equilibrium selection is the most common interpretation of the paper,
it is actually not how Kreps himself defined culture in that paper. Kreps’ own definition, and the
second notion of culture according to Hermalin, is that of culture as a reputation for dealing in a
specific way with unforseen contingencies. According to Kreps, such reputation is useful to protect
employees against abuses of authority. Both Kreps and Hermalin refer to ‘trust’ in a repeated
game as the way to think about this, but then with the future stage-games being unforseen. As
Hermalin points out, however, this notion is based on a fair amount of ‘hand-waving,” since the
idea of unforseen contingencies and especially the idea of having a reputation for how you will deal
with things that are by definition not yet known, defies economic modelling, at least for the time
being. The most visible difference with the current paper is its definition of corporate culture.
While I defer a complete discussion of alternative definitions to Section 2.2, it is useful to make
two remarks at this point. First, a complex construct as culture can have more than one valid
definition, depending on the context. So there is not necessarily a need to argue which definition is
‘the right one.” Moreover, arguments on definitions are always to some extent semantic arguments.
Second, the definitions might actually be closer than it seems at first, as discussed later. Probably
a more important difference is that the Kreps-Hermalin model is essentially agnostic with regard
to the origin of culture, which is exactly the focus of this paper. Overall, that paper presents an
interesting perspective on culture that is in many respects complementary to the current work.

Apart from his important discussion of Kreps’ model, Hermalin (2001) also summarizes and
reinterprets other existing research, and adds to it by linking the topic with insights in other
fields of economics, such as IO. In one model, for example, he assumes that culture is a fixed
cost investment that lowers the variable cost and then derives industry-level implications. Carrillo
and Gromb (1999) model corporate culture as production technologies for which employees can
make specific investments and show that a risk that the firm will change technology leads to the
coexistence of a strong-culture and a weak-culture equilibrium. Rob and Zemsky (2002) present
a theory in which firms differ in the stationary state levels of cooperation among their employees,
which they link to the notion of corporate culture. It is also interesting to note that Greif (1994)
considers ‘cultural beliefs’ an important part of a national culture. This paper is also related to
the work of Prescott and Visscher (1980). In particular, the current model could be extended such
that culture is in part organization capital in the sense as they define it. As mentioned earlier,
Van den Steen (2002a) considers the sorting story as the origin of culture. Two other related
papers along these lines are Van den Steen (2002d) and Van den Steen (2002b). The first discusses
how a manager’s strong beliefs, or vision, may lead to sorting in the labor market and thus lead
to homogenous beliefs within the firm. The second discusses some further costs and benefits of
homogeneity of beliefs.

Weber and Camerer (2001) present experimental results that bear on the phenomenon culture.
They let pairs of people (‘firms’) develop, through trial and error, a homemade language for solving
problems, which they interpret as the firm’s culture. They then merge groups and show that their
performance declines after the merger. A key difference with the current theory is that culture in
their sense has an obvious performance advantage.

The contribution of this paper, then, is to present a model of corporate culture as shared beliefs
in formal economic terms, to partially validate it by comparing comparative statics to stylized facts,
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and to derive new insights from it regarding the relationship between culture and firm performance.

An important implicit insight of the paper is that firms and organizations have a very natural
tendency to generate homogeneity, even absent management intervention. Culture lives a bit a life
of its own. This has important economic implications since homogeneity in beliefs and values seems
to be a key factor in agency problems.

The next section discusses the phenomenon corporate culture in more depth. It gives some
typical examples of culture, reviews key definitions of culture, and proposes the measure that
will be used throughout the paper. Section |3 describes the formal model that is the basis of the
analysis. Section 4| considers the genesis and evolution of culture. It uses multi-armed bandit
theory to discuss the choice of action. It shows that firms will eventually settle on an action, that
otherwise identical firms might end up settling on different actions, and that the beliefs of employees
are more homogenous within than across firms. Section [ considers the influence of the manager
and of managerial succession, and shows how cultures may persist in the face of complete turnover.
Section [6 studies the correlation between culture and performance. Sections [7 through [9 consider
some other aspects of culture, potential issues with the model, and testing strategies. Section [10
concludes. The appendices contain a discussion of the use of differing priors and some of the proofs.

2 Corporate Culture

When coming into contact with an organization, people are often struck by the fact that members
of the organization seem to act and think similarly, but differently from members of similar other
organizations. It is as if each organization has its own ‘personality.” Moreover, this ‘personality’
often remains remarkably constant over time. Even when many of the original members are gone,
the new generation thinks and acts in very much the same way as their predecessors. It is essentially
this character of an organization, which some have more than others, that has been called its
‘culture.” Given the rather vague phenomenon, it is not surprising that there are many divergent
definitions in the literature. Moreover, as the term became more popular, it also began to live a
life of its own. Lazear (1995) provides a survey of alternative definitions. Rather than trying to
replicate such survey here, the purpose of this section is to present the view in the management
literature on which this paper is based, and compare it to some key alternatives.

2.1 Examples of corporate culture

To fix ideas it is useful to start out with simply presenting some examples, drawn from personal
experience and case descriptions, of corporate culture.

The first example is a comparison between the Brussels offices of Arthur D. Little and McKinsey
in the mid to late nineties. These local offices served similar clients, were started at about the same
time and were similar both in size and in personnel composition.

Arthur D. Little’s consultants proudly stated that their firm was an organized chaos or chaotic
organization and that it had as many strategies as there are consultants. While formal training
existed, every team really went its own way. Data analysis was not so important, but listening to
the client was key. Conclusions were often backed up by quotes from clients, or by stories. It was
important to have an open mind and not to come too quickly to conclusions. There were very few
formatting standards for presentations. Performance evaluations were done every few months via
informal 5-minute chats. Every consultant was responsible for his or her own staffing via a market-
based system. People took lunch while working in their office. Team lunches were exceptional.



Arthur D. Little called itself ‘the Company.’

McKinsey’s well-developed consulting methodology, on the contrary, guided each study pretty
closely. A new study started by collecting all ‘knowledge’ about similar studies that had been
conducted in the past in other offices. From the start of the study, consultants were supposed to
think in terms of final client recommendations. Any conclusion was backed up by data. There
were strict formats for the presentations, decided upon by a global committee of senior directors.
There was a clear one-firm policy: the process, rules and systems should be similar all around
the globe. Consultants got evaluations every 6 or 12 weeks, using extensive and formal evaluation
forms. Staffing was centralized and future assignments were chosen to improve on weaknesses.
Consultants spent nearly all their time at the client site. Lunch, and often even dinner, were taken
as much as possible with the team. McKinsey called itself ‘the Firm.’

These were two firms that were essentially in the same business but worked in very different
ways. There were no obvious structural limitations or legacy systems that prevented one to switch to
the other’s model. Both were aware of the differences. In fact, these differences in behavior reflect
differences in opinions and beliefs among the most senior people about the relative importance
of ‘the one best way of doing things,” individual creativity, teamwork, the most effective process
of doing consulting, etc. A telling fact is that new consultants at McKinsey receive a copy of
the book Perspective on McKinsey, by Marvin Bower, McKinsey’s factual founder. The book is
accompanied by a memo from Bower, urging ‘not to give or loan copies to people outside the Firm.’
The book essentially gives Bower’s perspective on the ‘lessons that I believe might be learned from
our successes, mistakes, and failures, [...].” Some McKinsey people refer to it as ‘the bible.” It
seems a conscious effort to influence the beliefs of new employees. The fact that it is explicitly
for internal use only, is a clear statement that this is not just posturing for the outside world, but
valuable information from which new employees can and maybe should learn.

Cultures also comes in less functional forms. Some companies, such as Enron, encourage their
people to be aggressive and push limits, even if it gets them close to legal limits. Other companies,
including some government administrations, have implicit cultural beliefs that initiative creates
personal risks without any upside. Some firms have a strong ‘nine to five’ culture while in others
people always stay late, even if they don’t have anything to do. Cultural differences can also relate
to the importance of consensus, the treatment of new employees, the level of confrontation, the
level of cooperation, the competitiveness, the implicit importance and status of engineers versus
marketers, the existence of reserved parking spots for top management, open or closed door policies,
etc.

Note that cultures can also develop along other dimensions than firms. We can talk, for example,
about a sales culture versus a production culture, or about the culture of academic economists as
opposed to that of academic sociologists or engineers. Each of these groups have a set of common
experiences they go through.

2.2 Definition of corporate culture

Since culture is a complex social phenomenon, it has multiple dimensions and therefore multiple
potential definitions, that all have their value in the right context. While I will discuss some
alternative definitions below, I will focus here on the most prevalent definition in the management
literature, which is also the basis of this paper. In particular, most sources in the management
literature define corporate culture as shared values, beliefs and assumptions that drive behavioral



norms and ‘the way we do things around here.™ It should be mentioned up front that most of the
management literature considers values and beliefs to be almost interchangeable.

The idea of culture as shared beliefs or values goes back at least to Burns and Stalker (1961)
who, in their seminal discussion of ‘organic’ versus ‘mechanistic’ organizations, define culture as ‘a
dependable constant system of shared beliefs.” Other early contributions were the work of Baker
(1980) and Schwartz and Davis (1981) who defined culture respectively as ‘some interrelated set of
beliefs, shared by most of their members’ and ‘a pattern of beliefs and expectations that is shared
by the organization’s members.” A key impetus in popularizing the notion of culture was the
bestseller In Search of Excellence by Peters and Waterman (1982), who defined culture as ‘shared
values’ but stress that this includes ‘basic beliefs.” Donaldson and Lorsch (1983), which is often
considered a seminal work on corporate culture, do not mention the word culture, but talk instead
about managerial beliefs. Most of these authors suggest that a culture can have subcultures.

Probably the most cited perspective on corporate culture is that of Schein (1985). He defines
culture as having three levels. The most visible, but most superficial, level is that of culture as
a pattern of behavior. It is ‘the way things are done around here,” the norms, the stories, the
symbols. These behavioral patterns reflect a second, deeper, level of culture, which are the firm’s
shared values. Shared values are, on their turn, driven by the third and most fundamental level of
culture: shared assumptions.” Kotter and Heskett (1992) base their definition on Schein (1985),
but eliminate the distinction between beliefs and values.

All these definitions essentially consider the norms, stories and symbols as expressions of these
shared beliefs or assumptions. A typical behavioral norm would be, for example, whether office
doors are open or closed. What seems to be a pure behavioral norm may in fact reflect beliefs
about the importance of accessibility, interaction, and group work versus confidentiality, privacy,
and getting your work done. This does not mean that the behavioral implications are unimportant.
On the contrary, all these authors study culture because of its behavioral implications. But to
develop a systematic theory of that behavior, these authors suggest that we must look deeper, to
values and beliefs.

Important alternative definitions There are a number of important alternative definitions of
corporate culture, that differ from the above definition to various degrees. I will discuss the most
important:

e Joanne Martin’s 3 perspectives on corporate culture (Martin 1992)
e Culture as pure conventions
e Culture as norms

Martin (1992) identifies 3 perspectives that according to her have dominated research on orga-
nizational culture:

5 Although a complete review is outside the scope of this paper, it seems that at least 80% of the management and
organizational literature subscribes to the view of culture as shared beliefs and values.

5The issue is familiar to economists: you need some fairly strong assumptions to separate beliefs and utilities into
expected utility. On a more informal basis, it is easy to see how valuing the environment is closely related to beliefs
about where our planet is headed.

"Schein’s formal definition is as follows: ‘A pattern of shared basic assumptions that the group learned as it solved
problems of external adaptation and internal integration, that has worked well enough to be considered valid and,
therefore, to be taught to new members as the correct way to perceive, think, and feel in relation to those problems.’



1. According to the Integration perspective all members of the firm share an organization-wide
consensus (in the sense of shared beliefs).

2. The Differentiation perspective explicitly recognizes and focuses on the fact that there are
subcultures.

3. The Fragmentation perspective has a ‘focus on ambiguity as the essence of organizational
culture.’

The definition in this paper essentially combines the first two perspectives. Some beliefs are shared
by the whole organization while others may be shared by specific subgroups only. Elements of both
are in fact found in nearly any discussion of corporate culture. The Fragmentation perspective, on
the contrary, is more complex. In fact, Martin recognizes that ‘the Fragmentation perspective is
difficult to discuss with clarity.” Martin considers it to be founded in the postmodernist tradition.
Some would call it an anti-theory, a theory about the non-existence of theory. Martin explicitly
confirms that the Integration perspective, of which this paper is essentially part, ‘has become the
dominant view of organizational researchers and practitioners.’

Another important view is that of culture as simple conventions. This is also the first notion of
culture in the Kreps-Hermalin model. In the presence of multiple equilibria, culture defines which
equilibrium will be followed. When we can drive on the left or on the right, culture defines the
expectations and thus the norm. Such culture is very fragile, however. In principle, such conven-
tions can be changed in a split second by mutual agreement. If the United Kingdom legislates
tomorrow that cars should drive on the right, does that change the country’s culture by law? Note,
more importantly, that this notion is closely related to the notion of culture as shared beliefs. In
particular, a necessary condition for having a convention is that there are shared beliefs or expecta-
tions about behavior. Second, since payoffs will play an important role in the equilibrium selection
process, shared beliefs may play an important facilitating role. Take for example a coordination
game discussed by Hermalin (2001) that has two possible equilibria: junior people defer to senior
people versus senior people give way to junior people. Hermalin interprets culture as the norm
that defines which equilibrium will be followed. Such norm does not develop in a vacuum, however.
One would expect the norm to be built on more general beliefs and values in the organization, for
example, about the importance of youthful energy and initiative versus the more mature wisdom
and balancedness.® Note also that culture as language or meaning is closely related to the idea of
conventions.

Another closely related idea is that of ‘culture as norms.’ This differs from ‘culture as convention’
in that norms also have some moral element or an idea of punishment. The second notion of the
Kreps-Hermalin model can be interpreted along these lines. In particular, while the paper interprets
the equilibrium of the ‘trust game’ as the firm having a reputation for fairness or reciprocity, an
equally valid interpretation of the model is that the employees imposed such a norm on the firm
and threaten to punish the firm if it does not live up to that norm (i.e., ‘honor our trust, or else’).
This notion is also related to that of culture as shared beliefs since norms are usually founded in
shared beliefs on what is right and what is wrong.

8Note that even what seems to be the purest of conventions, which side of the road to drive on, has structural
origins. For an extensive study of this ‘convention,” see Kincaid (1986).



2.3 A Measure for Culture

Given the definition of corporate culture as shared beliefs, there are essentially two interpretations
for the notion of the ‘strength’ of a culture:

1. Internal homogeneity: the degree to which people within the firm share the same beliefs.

2. External heterogeneity: the degree to which these common beliefs are different from the
beliefs of the population at large.

Consistent with most of the literature, I will reserve the term ‘strength’ for the first concept (i.e.,
for the degree of homogeneity of beliefs within the firm). To denote the second concept, the degree
of difference with the population at large, I will use the term ‘distinctiveness.’

This paper uses as the measure of cultural strength the likelihood that two randomly selected
employees of the firm agree on the optimal action. The exact expression will be introduced once
the model is further detailed. As I will show later, a nice aspect of this measure is that it can be
interpreted as the limit probability that two randomly selected employees will ‘do the same thing.’
It is thus very closely related to ‘the way we do things around here.’

There are obviously alternative ways to implement the idea of ‘shared beliefs,” each with its
particular advantages and disadvantages. The ‘right’ measure of culture is probably best based on
a theory as to why culture matters. The implicit theory behind the measure that I use here is,
loosely speaking, one of coordination between randomly selected members of the firm. The value
of this theory relative to others is an empirical matter. Moreover, as culture has multiple facets,
there are probably also multiple useful and valid ways of defining it.

2.4 The Difficulty of Communicating Information

As mentioned in the introduction, I assume that a firm’s experience is observed only by the firm’s
current members and cannot be communicated. It should be uncontroversial that some information
is indeed difficult to communicate. Try the following ‘thought experiment.” Observe a person on
the street during one second. Now try to describe that person to someone else in such detail that
the other would be able to recognize the person with the same ease as you yourself would. This
would take a tremendous amount of time, if it is at all possible.

This idea that some information is difficult to communicate is well captured by Confucius’ ‘Tell
me and I will forget, Show me and I will remember, Involve me and I will understand!” New
members of firms (or new members of a profession) are often told to follow a specific methodology.
As they discover the merits of the method and start using it independently, they become in fact
socialized.

Note that this is essentially a top-down way of communicating. It would be very difficult for an
employee to communicate his experience to his boss by making his boss do something in a specific
way. This may be one reason why it is so difficult to transfer culture from one organization to
another and why it is often said that cultural change has to come from the top.

2.5 The role of learning in the formation of culture

Culture in this paper gets developed over time through shared experiences. The management
literature mentions this idea explicitly. Take for example Schein’s (1985) definition of corporate
culture as ‘a pattern of shared basic assumptions that the group learned as it solved problems of
external adaptation and internal integration, that has worked well enough to be considered valid
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and, therefore, to be taught to new members as the correct way to perceive, think, and feel in
relation to those problems.” Schein deems the process of learning so important that he includes
it in his definition of culture. Donaldson and Lorsch (1983) claim that ‘although the founders’
personal beliefs lie at the heart of the belief system, corporate history also plays an important part
in shaping current beliefs. As the founders and their successors manage by their principles, their
experiences lead them to modify the system through the process of incremental change.” While I
will discuss below the idea that the founders’ beliefs matter, this quote indicates again the role that
the firm’s experience plays in the formation of shared beliefs. Schwartz and Davis (1981) state that
‘culture reflects what has worked in the past.” In their analysis of how cultural change can occur,
Kotter and Heskett (1992) observe that ‘the importance of results cannot be overstated. These
new cultures grew in a cycle that was driven by successful results.” All these remarks suggest that
culture is developed to a large extent through joint learning from the company’s experiences.

3 The Model

Consider a set of F' firms with J employees and one manager each. A typical agent is denoted
(f,7). Agent (f, m) is the manager of firm f, while agents (f, 1) through (f, J) are regular employees
of firm f.

The firms are involved in an infinitely repeated game. The stage game (in some period t)
consists of two steps. First, the managers of all firms each simultaneously choose an action a?,
out of a set A, that their firm will undertake in that period. The action set A is common to all
firms, fixed over the game, and has N elements a,. In the second step, the firm gets a payoff which
depends on the action as follows.

Action ay is equivalent to doing nothing: it gives a constant payoff of zero in any period to any
firm that chooses a; in that period. For all other actions, the period-t payoff to firm f that chose
action a in period t is R?’ o= pa+e$c where p, is the (unknown) average payoff of action a and e? isa
random variation. It is commonly known among all agents that the variations e? are independently
and identically distributed according a standard normal distribution; i.e., e? RN (0,1). The
average payoffs p, are unknown to the agents, but each agent has his own subjective prior beliefs
about the p,’s. The prior beliefs of agents are commonly known to differ. Agent i’s prior belief
about p, is that p, is normally distributed with mean Tg,i and variance one; i.e., N (7‘37“ 1). The
true average payoffs p, and the means of the priors 7“271- for all agents and all actions are given
at the beginning of the game. For the purpose of analysis, I will assume that, empirically, the p,
and 7“272- are independently and identically distributed according to standard normal distributions:
pa ~ N(0,1) and 7’2,1- ~ N(0,1). Remember that these are not priors, but empirical distributions
that just happen to reflect the distributions in the population.

A firm’s actions and payoffs are observed by the firm’s members and by them only. The objective
of the manager of firm f is to maximize her firm’s discounted payoff. The discount factor equals §
for all firms.

It is commonly known that agents have no private information beyond what they observe about
the actions of their firm. An agent will not be able to infer anything from the fact that other
agents in his firm hold beliefs that are different from his own. Assume moreover, at this stage of
the analysis, that agents cannot observe each other’s posterior beliefs or communicate any of their
experience to others. Section 6.2 discusses an important modification of this assumption.
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As the game has been formulated, the employees are purely observers: they do not undertake
any actions. One could assume, for example, that their presence is needed to implement the action
but that all their actions are contractible. Section 4.3| shows that this model can be usefully
interpreted as the limit case of a situation in which all agents undertake actions and discusses how
it can be further generalized to other multi-decision-maker situations.

The fact that employees are just observers has an important implication: similarity in the
employees’ beliefs is performance-neutral. Culture has no effect on performance in this model.

The measure for culture Let ELE £.4) denote the action that has the highest payoff according to

%

agent (f,4) in period t.
Definition 1 The cultural strength of firm f at the beginning of period t, S}, s
J J
2i=1 2j=1 lat=a
J2

where I is the indicator function.

t
Sf:

Implicit in this definition is the idea that coordination between random employees’ actions is a key
effect of culture. Further research on the role of homogeneity should bring more clarity whether
this is indeed the best way to measure culture.

4 Basic Analysis

4.1 Choice of Actions

A first step in the analysis is to figure out what actions each manager will take. Because the
different firms’ actions and payoffs are independent and the firms don’t observe each others’ actions
or payoffs, it is sufficient to study one firm in isolation. To that purpose, fix some firm f. To simplify
notation, I will drop all references to firm f. Whenever there is no risk of confusion, I will also
drop the reference to the agent.

The manager’s problem is to choose in each period ¢ an action a’ € A to maximize the firm’s
discounted profits. Taking an action has two effects: a direct contribution to profits and information
about the payoff of that particular action. It is thus not always optimal to simply choose the action
with the highest expected payoff: the longer term gain from learning about some other action might
outweigh the temporarily lower performance. This type of problem is known as the multi-armed
bandit problem, which has been studied extensively. In particular, the model corresponds to a
multi-armed bandit with N independent arms. In this case, the well-known result of Gittins and
Jones (Gittins and Jones 1974, Gittins 1989, Berry and Fristedt 1985) applies.

To translate the result of Gittins and Jones and some of its key implications to this specific
context, note that at the beginning of each period t, the manager has beliefs about each action’s
payoff p, that are a combination of her prior beliefs and the information she has acquired by
undertaking action a in some of the preceding periods. In particular, consider a situation in which
the manager’s prior was N (rY, 1), she has chosen action a in K periods, and the payoffs in these
periods were {xx}X_|. In that case, the mlgnager’s posterior belief (at the beginning of period t) is

0 K
. . . o+ _ T .
normally distributed with mean r’, = “Kijfr—llk and variance Uﬁyt = ﬁ
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Let €,(s) denote the variation €' when the firm samples action n for the s’th time. Let (£, S, P)
denote the probability space generated by these variations €,(s), the prior beliefs of all agents, and
the average performances of all actions. Let w denote a typical element of 2. Note that, given a
rule for choosing actions (as I will derive immediately in the proposition) that is based on the mean
and variance of these returns, this probability space is equivalent to the one generated by the e?.
It results in a simpler analysis, however.

Let (r*,02) = (rly,..., 7L, 0%a,s- -1 0%a,) denote the manager’s current beliefs about the N
actions (including the constant one) at the beginning of period t.

Proposition 1 1. There ezists a function g from R x [0,00) to R, such that in each period t
the optimal action a' satisfies

at = argmax g(ré, ag’t)

a€A

2. There exists almost surely a T*(w) such that for all s,t > T*(w), a®*(w) = a'(w) = a*(w); i.e.,
after a certain time the firm plays the same action forever after.

3. For any action ay, with py > 0, Play = a*] > 0. For any action ay, with p <0, Play = a*] =
0.

4. With positive probability, a*(w) # argmax,c 4 pa; i.e., a*(w) does not have the highest expected
payoff in the set A. In the limit as N — oo, any agent knows that there exists almost surely
an action with a higher payoff than a*(w).

Proof : The first part of the proposition follows directly from the theorem of Gittins and Jones, by the
following facts:

e The problem under consideration is a multi-armed bandit with independent arms and geometric dis-
counting. The theorem of Gittins and Jones implies that in this case, the desirability of an arm can
be completely characterized by a number (the ‘Gittins index’) that depends only on the beliefs about
that arm (and on the discount factor) and not on the beliefs about any of the other arms.

e The mean and variance are sufficient statistics for the posterior beliefs of the manager about any arm
at any point in time.

The function g in the theorem projects the (sufficient statistics of) the manager’s beliefs about a particular
action into its corresponding Gittins index. The optimal choice among the actions is then the action with
the highest index.

The second part of the proposition adapts the proof of Rothschild (1974) to the current context. Since the
proof is long and does not provide much insight in the analysis of this paper, it is relegated to the appendix.
The rest of the proposition builds on these results and is therefore also treated in appendix. |

The first part of the proposition says that we can characterize the attractiveness of an action by
a number that depends only on the action’s characteristics and not in any way on the other actions.
Stated in a different way, there exists a complete (non-strict) ordering of all possible alternative
actions. This simplifies enormously the problem of choosing the optimal action. The calculation
of these ‘Gittins indices,” however, remains a difficult task. For the model under consideration
no analytically closed expressions are known, but it is possible to derive the indices numerically
(Gittins 1989).

12



The second part of the proposition says that a firm will eventually settle on an action and play
that action forever. The intuition behind this argument is very simple. First of all, with only
a finite number of actions and an infinite number of periods, at least one actions must be used
infinitely often. Second, assume (by contradiction) that there is more than one action that is used
infinitely often. After sufficient time, the expected payoffs of both actions are know with arbitrary
precision. But then there is no gain any more from experimenting, and one can simply choose the
higher-payoff action forever. I will call this action the firm’s ‘eventual action’ a¢*. This will thus
also be the firm’s eventual culture.

The third part of the proposition shows that any action with positive returns may end up being
the eventual action. It will lead (in the following part of the proposition) to the important obser-
vation that firms in identical circumstances will likely end up having different ‘eventual cultures.’
Moreover, it shows that these cultures may have very different performance levels.

The last part of the proposition says that the eventual action is not necessarily the one with the
highest payoff. Even worse, the very last part of the proposition says that, with many alternative
actions, the firm’s agents will be almost sure that there are better ways of doing things, but stick
to their current course of action anyways. This might explain the persistence of performance
differences among firms that can observe each other’s performance.

4.2 Emergence of culture

Members of the same firm have identical experiences, which differ from these of members of other
firms. As a consequence, employees of the same firm will tend to agree more on the optimal action
than randomly selected members of society.

To see this more formally, consider two firms f and g. Pick two employees, 7 and j, of firm f
and one employee, k, of firm g. Let again a! denote the action that has the highest payoff according
to agent ¢ in period t.

Proposition 2 e For any period t,

Plat ag.] > Plat = a})

i =

i.e., employees of the same firm are more likely to agree on the optimal action than employees
of different firms.

e As N — oo, P[a? = a;] — 0;i.e., the probability that one firm’s eventual culture is different

from that of any other firm converges to one.

Proof :  Consider the first point of the proposition. It is sufficient to show that for any particular action,
the probability that 2 employees of the same firm consider that action the best is higher than for 2 employees
of different firms. To that purpose, pick any action, say a. Let employees 1 and 2 be employees of the same
firm, while 3 is an employee of a different firm. In this whole analysis, I will drop the reference to the time
period (¢), in order to simplify notation.

Let Xg1 ={w:ra1 > re1,Va € A} denote the event that employee 1 considers @ to be the best action. It
is sufficient to show that P[Xd,l N X&72] > P[X@J N X&73] or P[Xd,l | Xd,Q]P[X[L72] > P[Xd,l ‘ X&73]P[Xd,3].
Since ex-ante all employees are symmetric, it must be that P[X; o] = P[X; 3], so that it is sufficient to show
that P[X[l’l | X&yg] 2 P[X[l’l | X@yg].

Conditional on the p’s, there is no information in X, 3 that is relevant to X ;. It is thus sufficient to show
that, conditional on the p’s, P[Xa1 | Xaz2] > P[Xa1] or P[Xs1&Xa2] > P[Xa1]P[Xaz2]. Note that both
employees are now from the same firm. So I will drop the index referring to the employee whenever a variable
is common to all employees in the same firm.
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The inequality r41 > 75,1 can be written (with Kj denoting the number of times @ has been selected by the
management of the firm)

Ks g Kz j
Kapa + 325" €y +ed, S Kapa+ ;"€ +e),

K;+1 - Kz;+1
or
K& j K& j
Kapa + Zj 6?} B Kipg + Zj 6{1 > 6%1 B 6271
K;+1 K;+1 “K;+1 K;+1

Conditional on K,, and p,,, the RHS is the sum of two normally distributed random variables, which I
will denote ng 1 and n4 1 respectively. The LHS is also a random variable, which I will denote x5, since it
is not dependent on the identity of the employee. So the inequality then becomes x5 > nz 1 + ng,1. The

event X; 1 corresponds to N such equations (if I include the trivial one). Analogously, X; o corresponds to
N analogous equations xz > ng 2 + ng,2 Where x; is identically the same random variable as in X 1, while
ng 2 is independently and identically distributed as nz; and idem for ng ; and ng 2.

Let f denote the joint density of the LHS’s. Let Fj; denote the distribution of ns 1, and thus also of n; 9.
We then get

P[X&J&X&’Q]
= /"'/P[xal > Nay 1+ M1y Zay = Nan1 + M1y Tay > Nay 2 +M6.2, - Tay = Nay,2 + Na2]

f(@ayy - s Tay)day -+ -day

2
// |:/Fa1[xa1 *n&,l]-..FaN[maN nd,l]dn&71:| f(l’al,...,xaN)dal...daN

{/ . / {/ Fo[%a; —na1].. FaylTay — n@,l]dn@’l] f(@ays. o, Tay)day---dan
P[X;.1)?

= P[X41]P[Xa2]

Y

which thus proves the first part of the proposition.

For the second and last point, note that for a set of actions A with a given set of corresponding average
performances p,, the event that firm 2 ends up having action a as its eventual course of action is equally
likely but independent from the event that firm 1 ends up having action a as its eventual course of action.
From this and the earlier conclusion that the probability of any particular action being a firm’s eventual
action converges to zero as N — oo, it follows that the probability that both firms have the same action as
their eventual course of action converges to zero as N — oo. |

The first part of the proposition says essentially that a culture will develop in each firm: the
beliefs within a firm become more homogenous than throughout society at large. If we defined a
cultural strength for society, the proposition would say that a firm’s culture is stronger than that
of society.

The last part of the proposition explains the important stylized fact that structurally similar
firms may end up with very different cultures (and thus very different performance). This is
especially likely when there are many different ways to get things done.

So this part of the analysis establishes the first essential point of the paper: joint experience
will lead to shared beliefs. Culture emerges, in the sense of culture as shared beliefs. I will try to
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validate the model as much as possible by considering how well it fits some of the stylized facts.
In fact, the last proposition did already some of that by showing that similar firms may develop
different cultures, and that firms may stick to a culture that they know is suboptimal. Section 5 will
do more of that by showing how culture is influenced by the manager and how culture may persist
over time. But first, I want to discuss what happens when there are multiple decision makers and
what the effect of turnover would be.

4.3 Multiple decision makers

An apparent limitation of the model is the fact that only the manager takes actions. The other
employees are passive observers. As mentioned earlier, however, the model can be interpreted as
the limit case of a model with all employees undertaking actions.

Consider in particular the following extension of the original model. Let all employees undertake
actions in all periods. Only the outcomes of the manager’s actions are observed. The firm’s payoff
is 0 times the payoff from the manager’s action plus (1 — ) times the average payoff from the
employees’ actions. The manager and the employees all care about the firm’s total profits.”

Consider now the limit as 4 — 1. In this case, the manager will not change her actions from
before. Employees will in each period simply choose the action that they think has the highest
payoff. The following proposition says that employees’ actions will be more similar within than
across firms.

Proposition 3 Two employees of the same firm are more likely to undertake the same action than
two randomly selected employees.

Proof : Since employees can’t learn from their actions, they simply choose the action they believe has
the highest payoff. The proposition then follows immediately from proposition [2. |

The key results of the paper seem to hold in fact in a lot more generality, including cases where
all agents’ actions are observed. Such models, however, are essentially multi-person multi-armed
bandits, which bring us far outside the scope of this paper.

Note that this multiple decision maker perspective provides a nice alternative interpretation
for this paper’s measure of culture: in the limit, it is the probability that two randomly selected
employees ‘do the same thing.” This is thus very close to ‘the way we do things around here.’

4.4 Turnover and culture

A key concern in this context should be the effect of turnover on culture. At first sight, it seems
that turnover would weaken the culture, since new employees do not possess the same information
as the old ones. The proof of proposition 2| would imply that with less shared information, the
culture should be weaker.

The situation is much more complex, however. For one thing, new employees do not really start
from scratch: they will learn from the firm’s earlier experience in at least 3 ways.

First, they will deduce information from the firm’s actions. If the firm undertakes a, that means
that it probably had good experiences with a in the past. The exact inference, however, depends
on all the information the new employee has, including, for example, how long the firm has been
in operation. Three things are important to note. First, this inference process will usually create

9The results would be the same if I assumed that the employees cared only about the profit from their own
activities.
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homogeneity because it aligns the new employees’ beliefs with those of the existing employees.
Second, the employee will revise this deduced information with each subsequent observation. If,
for example, the firm switches next period to a different action then that has different implications
for the prior experience than if the firm sticks to the same action. Third, as already suggested by
the point above, the inference process is tremendously complex and analytically prohibitive.

A second way how a new employee may learn from the past experience of the firm is by (im-
perfectly) observing the beliefs of his colleagues. In fact, the inferences from the firm’s actions are
a special case of this.

Finally, and most directly, the employee can learn from earlier experience through stories from
his colleagues about the past successes and failures of the firm. In fact, the sociological literature
often interprets the symbols and stories that are part of the culture as essentially this: commu-
nicating to new members the fundamental beliefs and values of the firm through rich stories and
anecdotes. The new employee has to be aware, however, of the biases in such stories: his colleagues
are likely to tell the stories to try to influence him, typically towards their own beliefs.

Not only can a new employee learn from his older colleagues, but there is likely also sorting
going on in the hiring process. In particular, firms are likely to hire employees with beliefs that are
similar to their own (Schein 1985, Van den Steen 2002a). This would further increase homogeneity
in the face of turnover.

Finally, the way how turnover affects the firm’s optimal level of investment in socialization
(assuming culture is useful) is ambiguous: with new incoming members the effect of socialization is
likely to be higher, but the payoff from such investments are reduced when employees stay shorter.

All in all, the balance is complex and the effect of turnover is a complete research topic on itself.
I do believe that overall turnover is likely to weaken the culture. But it should not be overlooked
that some firms with extremely high turnover, such as consulting firms, manage to build extremely
strong cultures.

5 Managers and Culture

5.1 The Manager’s Direct Influence on Culture

The management literature suggests that an organization’s culture is influenced by the beliefs of
founders and early managers (Donaldson and Lorsch 1983, Schein 1985, Kotter and Heskett 1992,
Baron et al. 1999). This section considers this effect in the context of the current model ! The
first proposition shows that the manager’s prior has indeed an important influence on the firm’s
eventual behavior. Let a* denote a firm’s eventual action or culture, where I drop the dependence
on the state w.

Proposition 4 For any action a, the probability that a* = a increases in rg, the mean of the
manager’s prior about the payoff of a.

Proof : This follows from lemma [6. [ |

10An alternative perspective of a manager’s influence on culture is presented in Van den Steen (2002d). In that
model, a manager’s strong beliefs or vision cause sorting in the labor market, which leads to a homogeneity in the
firm’s beliefs.
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5.2 Managerial Succession

The last subsection makes clear that the manager has an important influence on the firm’s eventual
culture. This raises the issue what happens when the firm changes managers. Accounts in the
business press and management literature suggest that change is more likely when the new CEO
is an outsider.

To study this issue more formally, consider the following extension of the original setup. At the
end of each period, there is a small probability p that the manager will be replaced by a new one. 1
will compare the case that the new manager is an insider (i.e., one of the firm’s current employees)
with the case that that new manager is an outsider (i.e., some randomly drawn individual from
another firm). Assume that insiders know the whole firm’s history in terms of actions and outcomes,
while outsiders have no information about the firm’s prior actions but do have the experience as an
employee of another randomly drawn firm. Each manager maximizes the discounted payoff under
his or her management. Let a] and a3 denote respectively the last action under the first manager
and the eventual action under the second manager.

Proposition 5 As N — oo and p — 0, the probability that a] = a5 converges to zero for an
outsider-successor, but to some value weakly larger than 1/2 for an insider-successor: An eventual
change in culture is more likely under an outsider successor than under an insider successor.

Proof : Note first that, for any € > 0 and as p — 0, the time it takes to succession is almost surely larger
than T plus any time needed to get the belief regarding p,~ within € of the true value.

Consider now the case of the insider successor, denoted I. Consider first the modified problem that I’s choice
set is restricted to A\ aj. Let @ denote I’s eventual action in this modified problem. In the unmodified
problem I’s eventual action a3 must then be either a} or a. Note that I’s eventual action can be G only if
pa: < pa- Furthermore, by lemma (7, Plp,: > pa] > 0.5. So it follows that the probability that a3 = a] must
be weakly larger than 1/2 in the limit.

Consider next the outsider-successor. Since there is no information transfer, it is as if we consider a similar
succession in a completely different firm. An immediate extension of proposition [1 implies then that as
N — o0, the probability of the eventual actions being identical goes to zero. |

Simulations suggest that this effect can be really large. Table [l gives the results from 5 simulations
of 200 firms each, in which one manager runs the firm for 150 periods and then gets succeeded by
either one of her employees or an outsider who runs the firm for another 150 periods. The numbers
in the table represent the percentage of cases in which the new manager eventually chose the same
action as the old manager. Clearly, outsiders are much more likely to change the culture than
insiders.

The effect is essentially one of forced learning: during her tenure, the original manager implicitly
chooses what her successor learns. When the successor takes over, he might try out a few changes,
but if he doesn’t quickly find an action that performs really well, he will fall back on the proven
strategy of his predecessor. Combined with the earlier result, this implies that a manager’s beliefs
may determine a firm’s culture even after the manager is gone.

5.3 Turnover and Culture (2)

One of the striking things about corporate culture is indeed its persistence over time. In particular,
even after all the original members are long gone, the firm may still have the same shared beliefs.
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Simulation | Insider | Outsider Avg. % Perfor-
mance difference
1 74 15
2 69 13 20
3 72 18 17
4 71 18 18
5 70 14 22

Table 1: Percentage of cases in which the action at the end of 150 periods under the successor-
CEO is identical to the action at the end of 150 periods under the original CEO, and the average
percentage performance difference. The data represent 5 simulations of 200 firms each. The number
of actions was 100.

The above analysis on managerial succession suggests one reason why that may happen. The
simulation results in table 2/ put some more flesh on this assertion. They show the outcomes from
the following simulation, run five times. A manager runs the firm for 150 periods. At that point
one of his employees succeeds him, while all other employees get replaced by new ones who did
not observe the firm’s earlier history and who do not make inferences about it.11' After another
150 periods, the second manager is succeeded by one of her employees. The results in the table
indicate for 5 simulations the percentage of cases (over a sample of 100 firms) that the third and
last manager settles on the same action as the very first one.

For the purpose of the argument it is important to note that at the end of the simulations, none
of the original employees is still with the firm. Neither the third manager nor any of his employees
ever worked with the first manager. Nevertheless, their behavior is still very much determined by
that original manager’s beliefs.

To control for the fact that this might simply be convergence on an optimal action, I ran the
simulation simultaneously for two firms and report in the second column the percentage of cases
that the two firms end up settling on the same action. If the results were due to a convergence
on the optimal action, then the numbers should be similar. It is clear from the comparison that
there is persistence of culture that is not due to a convergence to the optimal action. Moreover, the
average performance difference between the firms, reported in the third column, is substantial.

. . Culture  Persis- | Identical to other | Avg. % Perfor-
Simulation .
tence firm mance Difference
1 59 10 34
2 50 14 18
3 52 12 15
4 67 16 15
5 55 15 13

Table 2: Percentage of cases in which the eventual action under the final manager is identical to
the eventual action under the original manager, and percentage that the eventual action is identical
to that of some other firm. The data represent 5 simulations of 100 firms each. The number of
actions was 300.

1T make this assumption for analytical reasons. Taking into account such inferences would actually strengthen the
result.
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6 Culture and Performance

The interest in the phenomenon of corporate culture has been driven to a large extent by its
potential impact on corporate performance. In particular, works such as these of Deal and Kennedy
(1982), Peters and Waterman (1982), or Collins and Porras (1994), have popularized the notion
that culture is a key driver of strong performance. It is unclear, however, whether this popular
notion is really correct. The case studies in these management books are far from random since they
explicitly selected ‘excellent performers.” This leads to selection bias*? More systematic evidence is
rare. In fact, the three more systematic studies that I encountered (Kotter and Heskett 1992, Burt,
Gabbay, and Holt 1994, Sgrensen 2002), all use the same data set. Since there are some important
issues with this data set (and with some of the analyses, see Lazear (1995)), this evidence is far
from conclusive. Nevertheless, the data combined with the case studies make a suggestive case for
a correlation between culture and performance.

Probably the most interesting result of this paper is the fact that such correlation is in fact to
be expected, even when culture has no positive effect on performance. The fact is that firms with
good performance will develop a strong culture. There are at least two mechanisms, which I discuss
immediately, through which this may happen.

1. The extreme-value effect
2. The communication or socialization effect

The intuition for the extreme-value effect is as follows. Consider a firm which has stumbled
upon a high-performing action. All its employees will observe how well the action performs. Many
will become convinced that this is indeed the optimal action. This results in a high level of
agreement and thus a strong culture. In a firm that hit only upon mediocre actions, on the
contrary, disagreement as to what is the best action will persist and thus culture will be weak.

The communication or socialization effect is even more transparent but requires a slight ex-
tension of the setup. Up to this point, I have assumed that all employees of the firm perfectly
observe all realizations. This will generally not be the case. In particular, the flow of information
may depend on the firm’s investment in communication and socialization systems. Firms that have
discovered high-performing actions will invest more in such systems, because the upside from com-
munication is larger. Analogously, employees will be more eager to learn about how things work
when they see that the firm’s methods are very effective. As a consequence, there will be more
homogeneity in beliefs about the optimal action in firms that perform better.

Both these effects seem so straightforward that one may wonder about the gains from a formal
analysis. The opposite turns out to be true. While the analysis quickly becomes very involved, it
shows clearly that the situation is more complex than it seems.

The main issue is the following. What matters for the level of agreement is the difference in
perceived performance between the highest and any subsequent actions. The simple intuition would
be that this difference increases as the value of the higher one increases. This is not necessarily
the case. Consider, for example, two random variables that are independently and identically

12While there is a clear selection bias in Deal and Kennedy (1982) and Peters and Waterman (1982), the problem is
better hidden in the case of Collins and Porras (1994). These authors claim that they have eliminated the bias since
they included randomly selected firms with average performance that otherwise matched some key characteristics of
the original firms. It is easy to see, however, that including such firms does not eliminate the issue that the results
may be driven by an increase in the variance rather than in the mean. This kind of selection is especially important
since strong cultures may increase the variance of the firm’s results.
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distributed according to the density in figure [1. In this case, the expected difference between the
higher and the lower does not always increase in the higher value. Conditional on the first-order
statistic being 10, the expected value of the second-order statistic is 5, giving a difference 5. When
the first-order is 11, however, the expected value of the second-order increases to 10, for a difference
of only 1. This contradicts the ‘simple’ intuition that the difference between best and second-best
increases as the value of the best increases.

1.01

0.1

10 19
Figure 1: Density for which the expected difference between first and second order statistic does
not always increase when the value of the first order statistic increases.

This may seem like an extreme case. Note, however, that qualitatively the same kind of effects
play with the normal distribution when the highest value is close to (or smaller than) the mean. So
we should not be surprised to see this effect play a real role. Indeed, the simulations below suggest
that this might be happening for smaller values of p.

There is a second, mainly analytical, issue. While the random variables are ex-ante independent,
they become ex-post dependent because the action choices depends on the earlier realizations. The
ex-post distribution of beliefs about, for example, as will depend on the realization of the other
actions. If p,, and r23 are extremely high, then it is unlikely that ay will be ever selected. The
density of as will be approximately the prior. If, on the contray, all actions other than ao have
extremely low values for the priors, then as may be selected forever (or until it happens to generate
a very negative result). In fact, the ex-post joint density is analytically completely intractable.

6.1 The extreme-value effect

Nevertheless, the extreme-value effect does hold for ‘large’ values. To avoid the issue of depen-
dency among the random variables, the following proposition proves the effect for the situation
immediately after period 1. To simplify the analysis, I will assume, in this and what follows, that
a1 is an action like all others; i.e., it does not have a constant payoff any more. Let R denote the
performance in the first period, and remember that Ss denotes the expected strength of the firm’s
culture at the start of period 2.

Proposition 6 There exist R such that Sy increases in the first period’s performance R for R > R.

Proof : To simplify notation, I drop the superscript for the period. All beliefs are prior beliefs.

Let wlog. the action selected in the first period be an. Randomly select an employee ¢ and denote his
prior beliefs by (a,,)N_;. Note that conditional on ax being selected the prior beliefs of employees are still
independent normal variables since it was the manager and not the employees who selected the action. Let
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P denote the probability that this particular employee considers ay the best action at the start of period 2.

pP=P rangraN;RVn} —/P{runngRVn] f(a:)dx:/FNfl <$+R>f(x)dx

2

which increases in R and converges to 1 as R — oc.
Note now that, by symmetry for all actions but N, the probability that the employee considers (at the start
1-P

of period 2) any action other than ay the best action, is simply 5. Since all employees are identical

and their prior beliefs are independent, the probability that two randomly selected employees agree on the

2
optimal action is P2 + (N — 1) (%) which has derivative for P

1 2 2(Np—1)
2P~ 201~ P)= o (N =P+ P~ 1) = =7

which is positive for P > %
This implies that there exists a R such that for R > R, the probability that two agents agree on the optimal
action increases in R. This concludes the proof. |

The extreme effect is actually pretty strong. Figure 2/ shows the results of a typical simulation. In
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Figure 2: The extreme value effect. Performance in function of cultural strength (in probability)
for a simulation of 100 firms with 100 employees each, that operated for 150 periods.

this case, I let 100 firms operate for 150 periods and then plot their cultural strength (considering
100 employees) in function of their performance, both in the last period. Above a performance of
2, there is clearly a very strong correlation with the strength of culture. The overall correlation
between cultural strength and performance in this particular simulation was 0.59, and is typically
between 0.5 and 0.65. These are very high numbers, as can be expected from the graphical result.
Note also from the figure that up to a performance of 2, the correlation is actually slightly negative.
This is true for nearly all such simulations. It suggests that the counterexample of figure [1 is not
a pathological case, but a real phenomenon.
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6.2 The communication or socialization effect

To study the communication effect, I need to extend the model to allow the spread of information
to depend on the firm’s investments. To that purpose, consider the following modifications.

o Employees originally do not observe the manager’s actions and the outcomes of these actions.

e At some point in time, the manager can invest in a socialization and communication system,
at a cost (1 — 3)c. The details will be discussed below.

e As in Section 4.3, each employee takes an action a € A in each period. The outcomes of the
actions are not observed. The profit of the firm is § times the profit from the manager plus
(1 — ) times the average profit from the employees. Both the manager and the employees
try to maximize firm profit.!?

Consider the case 8 — 1. The manager still takes actions as before, while the agents just choose
in each period the action they consider best.

There is a complicating factor in this analysis: how to separate analytically the communication
effect from the extreme-value effect? From the analysis in Section 4 it followed that more investment
in a communication system will strengthen the culture. Hence, the best solution seems to focus
directly on the link between performance and the level of investment in communication. This is
what I will do here.

To avoid again the problem of ex-post dependency, consider the following simple case. Assume
that after the first period, the manager can communicate the nature of the first action and its
outcome at a cost (1 — 3)c. No further information can or will be communicated. The manager
knows the distribution of beliefs among employees but not the precise beliefs of the employee to
whom he considers communicating.

Proposition 7 There exists a R such that the probability of investment increases in the first real-
ization R for R > R.

Proof :  For notational convenience, I will drop the superscript references to the period (all values
will be prior beliefs) and denote the manager as agent m and the employee as agent 1. Assume wlog. that
the manager chooses action a; in the first period and that the result is R.

Let V° denote the expected per-period payoff from the agent’s action (from the manager’s perspective) when
the manager does not communicate any information. Since all actions are equally likely (from the manager’s
perspective) without communication, that value is

N

0o _ T017M+R Ta;,m
vVeo= 2N +; N

Let P(R) be the probability (from the manager’s perspective) that the employee will undertake a; when
he hears that the first return is R. Note that P(R) = P [% > rg,1 Vi| = GN71(R) where G is the

distribution of 2r,, 2 — r4, 2. The function P(R) is thus strictly increasing and converges to 1 as R — oo.

Let R be such that P(R) > +.

13 Again, the results would be unchanged if T assumed that employees only cared about the payoffs from their own
actions.

22



Let V! denote the expected per-period payoff from the agent’s action (from the manager’s perspective) when
the manager does communicate the information. We then have that

N
al,m R

vio= Tam T i) $

=2

V(- P(R)

2 N -1

so that

N
1 0 Tay,m T R Ta;,m 1
_ - | leam Tt P(R) — —
oo~ (S ) ()

So the probability of communication is

N
Taym + R Ta:m 1
s - i ) >
(o -3 e (- ) =

where all but R, N, and ¢ are random variables. When R > R so that P(R) — % > 0, this increases in R.
This proves the proposition. |

P

A simulation can again give an impression of the impact of this phenomenon. In the simulation
below, I let the manager decide at the end of period 150 whether he installs a communication
system or not. The communication system will communicate all future actions and realizations. In
making the decision, the manager considers his beliefs, knows the distribution of prior beliefs of his
employees (but not their specific beliefs), and assumes that employees do not make any inferences
about earlier realizations (for example, because they are not aware that the firm operated earlier).
The analysis determines the expected gain from communicating future information, assuming that
by period 150 all firms have settled on their eventual course of action. Figure 3 shows how the
expected gain from communication is related to the performance. There is clearly a strong positive
correlation, which for this particular simulation is 0.82 and typically exceeds 0.8. Note also that
for relatively low-performing firms, communicating information reduces expected performance from
the manager’s perspective. The reason is that, when the manager’s actions have a mediocre perfor-
mance, employees will believe they know better and undertake other actions, which the manager
considers inferior. In this case, there does not seem to be a negative correlation for low levels of
performance, although the correlation is clearly lower than for high levels of performance.

7 Other aspects of culture

There are many important aspects of culture that I have not dealt with in this paper, but for which
the model could have interesting implications.

Evolution of culture Some culture researchers have suggested that older organizations may
have stronger cultures. It sounds intuitive that this should indeed be the case in the current model.
The fact that the ex-post distributions are unknown, complex, and highly interdependent makes
an analytical approach to this question very difficult. Simulations clearly suggest, however, that
culture gets indeed stronger over time in this model.
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Figure 3: The communication effect. Performance in function of the gain that the manager expects
from communication. The simulation consisted of 200 firms with 100 employees each, that operated
for 150 periods.

Culture and Change The management literature has suggested that a strong culture may
hinder change. While there might be direct causal links in more complex models (that have, for
example, coordination problems), the current paper suggests that there might also be non-causal
effects. In as far as the strong culture is due to extremely high outcomes in the past, the employees
might have very strong beliefs that the current course is the right one and be slow to adapt to
changed circumstances.

Culture and variability Sgrensen (2002) argues that a strong culture should reduce the vari-
ability of performance and shows that this holds indeed in the data set of Kotter and Heskett
(1992). The current model suggests at least one causal link for such relationship. If employees
are randomly selected to undertake actions, more homogenous beliefs about what to do will defi-
nitely cause more systematic behavior. It would be interesting to see whether there might also be
non-causal effects.

8 Discussion of the model

There are clearly some aspects of the model that raise questions. The purpose of this section is to
try to deal with some of the most prominent ones.

A key assumption of the model is that the outcomes are observed only by the members of
the firm. The idea is that information that can be easily communicated to other firms will get
communicated. It can thus not be the basis for lasting differences such as culture. Making this
extreme assumption makes things more transparent. The qualitative results would probably not
change if I were to allow communication at a cost or noisy observations.

The assumption of differing priors, which is discussed in more detail in appendix, is not necessary
for the conclusions, as long as employees cannot (perfectly) observe each other’s beliefs and get
some private signals. The complexity of the analysis would increase enormously, however.
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The measure of culture is the probability that two randomly selected employees agree on the
optimal action but does not consider the beliefs of the manager. While this definition seems closes
to the management literature and is necessary for comparative statics on managerial beliefs, there
are also analytical reasons to exclude the manager. Since the firm’s course of action is the one
that the manager most prefers, his beliefs about that course of action are distributed differently
than those of the other employees, and depend on the number of available actions. Including the
manager adds a whole other set of considerations and makes it difficult to obtain analytical results.
It does not seem that any of the results would be qualitatively different if I included the manager.

The model assumes that employees don’t move between firms. Note first that allowing employees
to move between firms raises the issue on what inferences they can draw about their new firm’s past
experiences by, for example, observing the firm’s actions. Since I assumed that direct communica-
tion of information is impossible, however, there seem to be no real effects from an employee moving
to another firm, unless that employee becomes the manager of the other firm. This is because reg-
ular employees are passive observers in this model. This happens to fit well with the idea that any
real change in culture must come from the top (Donaldson and Lorsch 1983, Schein 1985, Kotter
and Heskett 1992).

Note that the model leaves out many aspects that would actually make it easier to obtain
the conclusions of the paper. In particular, the following elements would typically strengthen the
conclusions:

e Sorting effects.
e Investments (by the firms and by the employees) that are complementary to the action choice.

e Any kind of interaction among employees that would create value from homogeneity. A need
for coordination would be an example.

The reason to leave them out of the analysis is both to simplify the model and to show that such
effects are not necessary to obtain the results.

9 Testing strategies

The most direct test of the theory would try to measure corporate culture and then test the
different aspects of the theory: how culture is influenced by the manager’s beliefs, whether strong
performance leads to a strong culture, whether culture indeed persists over different generations of
employees, etc. The difficulty is of course to find a way to measure culture (and a manager’s beliefs).
Directly questioning employees and managers about the strength of culture has very limited validity,
but may be a useful first step. Much better would be to question employees and managers on their
opinions about optimal actions or to observe their actions, assuming these actions are really their
own choice and not dictated by, for example, authority or incentives.

There are also some indirect empirical tests, although the potential for confounding effects is
larger. Some of these indirect implications are:

e Firms change more under outsider-successors to the manager than under insider-successors.

e People who worked a substantial time for the same organization tend to act in similar ways.
This could be tested in the style of Bertrand and Schoar (2001).
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e Firms that exchange a lot of managers and employees, or firms that are located close together,
would tend to have more similar cultures and act in more similar ways.

In some of these cases, it may be difficult to separate learning effects from sorting effects, but that
is not such a problem if we consider it a joint test of the learning and sorting theories of culture
(Van den Steen 2002a).

A final, and potentially very promising, approach are experimental analyses in the style of
Weber and Camerer (2001). A possible experiment would be to have groups of people repeatedly
play a partially random game and see whether groups develop internally homogenous beliefs about
the optimal actions and whether such beliefs can persist over generations of players.

10 Conclusion

This paper shows how corporate culture, defined as shared beliefs, can evolve from the common
experience of a firm’s members. It partially validated the model by showing that it is consistent
with some key stylized facts. The culture of the firm is influenced by the original manager’s beliefs
and can persist even long after that manager is gone. Outside successors are more likely to change
the culture than insiders. Firms in similar circumstances can develop different beliefs.

A key insight of the paper is that a correlation between culture and performance is to be
expected even if culture has no performance benefits. From a practical point of view, the paper
thus raises the question whether the perceived benefits of a strong culture might actually be due
to an inverse causality.

Implicitly the paper also suggests that firms have a natural tendency to develop a culture in the
sense of shared beliefs. Management can try to influence this process, but only to some extent.

I believe that the results in this paper suggest that taking the sociological model of culture
as shared beliefs seriously might be a promising approach for economics to develop a systematic
theory of corporate culture that contributes to our understanding of the behavior and performance
of organizations. It might also provide a useful perspective on agency problems and incentive
systems.
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A A Note on ‘Differing Beliefs’ in Economic Modeling

The model in this paper differs in one respect from most economic models: the agents knowingly enter-
tain differing beliefs (without having private information). The reason for this assumption is pragmatic:
differences in beliefs are at the heart of the issues studied here, and assuming common knowledge of dif-
fering beliefs is the most transparent and parsimonious way to study this question.'* Differing beliefs do
not contradict the economic paradigm: while rational agents should use Bayes’ rule to update their prior
with new information, nothing is said about those priors themselves, which are primitives of the model. In
particular, absent any relevant information agents have no rational basis to agree on a priorl® Harsanyi
(1967), for example, observed that ‘by the very nature of subjective probabilities, even if two individuals
have exactly the same information and are at exactly the same high level of intelligence, they may very well
assign different subjective probabilities to the very same events’. The best argument for the traditional use
of common priors is Aumann’s (1987) argument that they allow us to ‘zero in on purely informational issues’.
Conversely, differing priors allow us to zero in on the implications of open disagreement and differing beliefs.
Note, finally, that the existence of the winner’s curse, any disagreement on the correct action when utilities
are aligned, and nearly all evidence on bounded rationality and biases in decision making imply empirically
the existence of differing priors.

Van den Steen (2002c) considers this issue in more detail.*® Among other things, it argues against the
idea that differing priors might allow us to explain anything, it discounts the theoretical possibility that
agents will make very large or infinite bets, and shows that the epistemic foundations for Nash equilibria in
the sense of Aumann and Brandenburger (1995) extend to this context with differing priors on the payoff-
space.

The model with common priors Nearly identical results obtain under a common prior. In particular,
assume that:

Agents have a common prior.

All agents get a private signal about each action.

All employees of a firm observe the manager’s signal.
e Agents cannot in any way observe each other’s beliefs.

Note that this model, makes the agents behave as if they have differing priors. While it sticks pro forma to
the tradition of a common prior, it does so artificially.

With multiple decision makers (or if we do not allow the non-CEO agents to observe the CEQ’s signal),
this model increases enormously in complexity. Agents now have to back out signals from actions. While this
becomes quickly completely intransparent, it seems that all results should still hold. In this case, keeping
with the tradition comes at a real cost either in terms of an important increase in analytical complexity or
in the inability to analytically obtain some results that do, however, hold.

The theoretical support for differing priors mentioned at the start of this section combined with these
very practical reason have led me to use a model with differing priors.

1¥While formally most of the analysis can be done under the common prior assumption, such analysis would miss
the essential point: that, holding information constant, the strength of beliefs is an important influence; that it can
be optimal to have a CEO who has stronger beliefs than the board even if he does not have more information.

15 A traditional argument against differing priors is that rational people would argue until they reach agreement.
There are 3 reasons why this argument does not hold. First of all, any fact that is presented in the discussion brings
with it potentially differing priors about the relevance of the fact or the precision of the data. This leads immediately
to an infinite regress of arguments. Second, what matters for economic analysis is not so much whether agents can
theoretically come to agreement but whether they do at the time they have to take an action. Finally, as argued in
the main paper, much information is difficult, if not impossible, to communicate. Note also that under the common
prior assumption, agents with aligned utility functions should never disagree on the optimal actions to undertake.
On a sinking ship or in the heat of a battle (where survival is supposedly the common objective), there should always
be perfect agreement on the optimal course of action. This seems to contradict our intuition.

63ee also Morris (1995), the discussion between Gul (1998) and Aumann (1998), or Yildiz (2000).
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Utility versus beliefs An alternative way of modelling would be to incorporate beliefs in the utility
function. Rotemberg and Saloner (2000) and Hart and Holmstrém (2002) can be interpreted in this way.

While this approach may seem more general, there are a number of issues. First of all, there are real
differences between utility and beliefs. Utilities can be influenced by incentive contracts and beliefs by new
data, but not the other way around. One implication is that beliefs provide a stronger commitment: financial
incentives based on firm performance can undo biased preferences, but will not change beliefs about what
the firm has to do to maximize that performance. Second, the benefits of stock-based compensation also
differ. The use of stock options as a cheap way to compensate ‘believers’ does not work when there are
only utility differences. A third implication relates to the dynamics of the situation. As more information
becomes available, beliefs will change but utilities won’t. The two models thus have different implications
for change and resistance to change. Overall, modelling beliefs via utilities risks missing out on important
phenomena.

Apart from these analytical differences, there are obvious differences in interpretation. Since the phe-
nomena in this paper are more naturally described in terms of beliefs, it makes sense to model beliefs
explicitly.
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B Proofs

B.1 Basic analysis

Continuation of the proof of proposition 1.

Proof: Prior to starting the proof, we need to define the probability spaces as they will be used in this and
other proofs. As mentioned in the main text, let €,(s) denote the variation ¢’ when the firm samples action
n for the s’th time. Note that we could express the manager’s prior also as a variation €,(0) = 72 — p,, , and
then consider an ‘extended’ sequence of variations that includes the manager’s prior.

Let (e, Sn.e, Pn,e) denote the probability space generated by the variations €, (s) for action a,, only. Let
(Qe, Se, P.) denote the product space of the (¢, Sne, Pne) . Let (2,5, P) denote the probability space
generated by the variations €, (s), the prior beliefs r° of all agents (in firm f), and the average performances
of all actions p . Let wy., we, and w denote typical elements of these probability spaces. Let, finally,
(Qnz, Snz, Pnz) denote the probability space generated by the variations €,(s) and the manager’s prior (i.e.
the ‘extended’ sequence of variations mentioned above), for action a, only, and let (¢, Se, Pz) denote the
product space of these (2,2, Sne, Pre)-

I now start with the second part of the proposition. Let (r,02) = (r1,...,7n,0%,...,02) denote the manager’s
current beliefs about the N actions (including the constant one). Theorem 2.2 of Gittins (1989) implies that
an optimal policy exists, that the corresponding value function satisfies the functional equation of dynamic
programming, that a policy is optimal if and only if it maximizes the right hand side of that functional
equation of dynamic programming, and that the value iteration of the functional equation starting from a
bounded approximation of the value function converges to the true value function.

Let u,((r,02),x) be the updated values of the manager’s beliefs given a prior (for the period considered)
(r,02), action n being chosen, and the return of that action being .

The functional equation of dynamic programming can be written

V =maxV,
nenN

and

V, =r, + 5/V(un((r,02),v))Nrm(,3 (v)dv

with N, 2 denoting the normal density with mean ;1 and variance o2

For the value iteration, define

VOr,0%) = 0
Vir,0?) = maxV/!
neN
Vé(r,oz) = rn—|—5/thl(un((r,az),v))NTmagL(v)dv

Theorem 2.2 in Gittins (1989) thus implies that lim;_o, Vi(r,02) = V(r,02).
Lemma 1 The functions V' and V,! are continuous on R x [0, 00).

Proof : This follows by induction. The proposition holds for ¢ = 1 since a maximum of continuous
functions is continuous. Assume now that V¢~1! and V,!=1 are continuous. Then V! is continuous since u,
and V!~ are. V! is again continuous since it is a maximum of continuous functions. ]

Lemma 2 V!> Vil gnd V! > Vi-t
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Proof: Let Vﬁ equal V'* if we restrict the choice set in the ¢’th period to the constant (return zero) action.
Clearly V=1 = V! < V!, Analogously for V;! and V!~1. [ |

Lemma 3 The functions V (r,02) and V,, (r,02) are continuous on R x [0,00).

Proof : Let 7#(r,02) be the expected value of the maximum return given the distributions of re-
turns characterized by (r,02), i.e. #(r,02) = E[maz,enryn | (r,02)] . Note that for some fixed € > 0,
max (f(r, a?), 6) > 0. Moreover, since #(r,0?) is a continuous function on R x [0, c0), so is max (f‘(r7 o?), e).
Let Vt(r, 02) be the expected discounted payoff from the first ¢ periods of the original infinitely repeated
game.

In that case

V(r,o?) < Vt(r, o?) 4 6ttt Z 577 (r,0%)
7=0
1
< Viro®) + 8 —i(r,0%)
< Vir,0?) + 5”1%6 max (7(r,0?),€)
or
Vgra 02) S VtA(I‘, 02) + 6t+1
max (7(r,02),e) — max (7(r,02),€) 1-0
or
V(r,o?)  Vir,0?) < gt 1
max (#(r,02),e) max (f(r,02),€)| ~ 1-946
Vt(r,o2) V(r,o?)

Since this inequality is independent from (r, 02) converges uniformly to TG IR But then,
V(r,o?)

together with the fact that m PTG ERIE and thus V(r,02), is
continuous. This finally implies that V,, is continuous too. [ |

’ max(7(r,02),€)

is continuous, this implies that

Let now
Apy ={(r,02) | Vi(r,0%) > Vi(r,02)}
The set A,,; is the set of values for which it is strictly better to play action n than action I.
Lemma 4 The set A, is open.
Proof : The proof is identical to lemma 4 in Rothschild (1974). |
Let
A, ={(r,0?) |Vl #nV,(r,0%) > Vi(r,0?)}

so that A, = Njzn Ay, and thus A, is also open.

I now prove the second part of the proposition. In particular, I will show that for any two arbitrary actions,
almost surely at most one action will be played infinitely often under any optimal strategy. This implies the
second part of the proposition.”

17Since it implies that one and only one of the actions will be played infinitely often. Note that at least one action
will be played infinitely often since there are only a finite number of actions but an infinite number of periods.
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Note that, given the assumptions on the distribution of the p, and the outcomes, it is almost surely true that
pn # pp when n # [ Let again A, ; = {(r,0?) | Va(r,02) > Vi(r,02)}. Let p, and p; be the specific values
(of p) for actions a, and q; (i.e. they were drawn from a normal N(0,1) distribution). Suppose (without
loss of generality) that p, > p;. Then (r,0?) with p,, and p; as given and 02 = o7 = 0 is clearly in A, ;.
Since Ay, ; is open, there exist € > 0 and § > 0 such that (r,0?) with r,, € (D, — €, pn+€), 71 € (pr—€, pr+€),
02 < § and 012 < 4, is also in A, ;.

Let now
Qn = {wn,€ S Qn,E I éli{gc rn(wnf(s)) € (ﬁn - EapAn + 6)}

By the law of large numbers, P,,(Qn | pn = pn) = 1.

Now I claim that for any e with @,z € Q,, and @,z € @, it cannot be true that under the optimal policy
both action n and action [ get played infinitely often. If they get both played infinitely often, then, for any
e > 0 and § > 0, from some period on, it will be the case that r, € (p, — €,pn +€), 11 € (p1 — €,01 + €),
02 < § and 07 < §. With the € and § from above, it follows that from that period on (r,0?) € A4,;. But
this implies that [ will not get played any more after period ¢, which contradicts the assumption that both
get played infinitely often. Since P(Q) =1for Q= {we € Oz | wnz € Qn and wyz € @}, this implies the
proposition.

For the third part of the proposition, let v(xz, m) denote the index number of an action that has been tried m—1
times and which (after these m — 1 tries) has an expected payoff z. By Gittins (1989), v(x,m) = x+v(0,m).
Let now v = —v/(0,1) and let pg, > 0 for some 1 < k < N. Note that with strictly positive probability r% < v
for all actions with n # 1, n # k and r{ > pj. Since the starting index numbers of all the actions with n # 1,
n # k are now smaller than zero, they will nevelgtbe selected. For k to be the eventual choice of action it
suffices that with positive probability, TZk = miflls > 0 for all . But this holds since this is a random
walk with positive starting value and positive drift. For the opposite conclusion, let p; < 0 and assume that
the firm eventually takes ay as its course of action. By the law of large numbers, the mean of the posterior
belief of the manager almost surely converges to pi. Moreover, the variance of the posterior belief converges
to zero. It follows that in the limit, the index number of ay converges almost surely to pr < 0. But once the
index number is strictly smaller than zero, the manager prefers to follow the constant zero-return action.
This contradicts the assumption that a; was the firm’s eventual course of action.

For the fourth and last part of the proof, note the well-known fact that a bandit problem with a constant
action is a stopping problem: once the constant action is selected once, it will be selected forever. It is thus
sufficient to show that with positive probability the constant action will be played at least once although
one or more other actions have a higher reference return. For simplicity I present the argument when there
is only one non-constant action. The index number of the constant action is zero (since a constant action
with zero payoff is the calibration point for the Gittins index). Using the results in Gittins (1989), the index
number of the other action is

v(O,n+1)+=

where n is the number of times the action has been selected and T is the average observation (including the
prior). Since the returns upon selection of an action are normally distributed, the return upon selection of
the non-constant action will with positive probability be so negative that its index number turns negative,
no matter what the average return of the action is. It follows that the manager will select the constant
action the next period (and forever after), even when its constant return is lower than the reference return
of the variable action.

For the second part of part 4, it suffices to show that the probability of any particular action (including the
action with the highest payoff) being the eventual action goes to zero as N — co. To show this, assume (by
contradiction) that the probability of some a,, with average payoff p, becoming culture is always larger or
equal than € > 0. Then, by lemma [6! below, that must be the case for all actions with p > p,,. As N — oo,
the number of such actions is almost surely larger than 1/e. This implies that the probability of any such
action becoming the culture is larger than one, which is clearly a contradiction. |
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Lemma 5 For a given &, prior beliefs 0, and returns p on all but one action n, the number of times the
action n is chosen prior to some time t increases in the average return p, of the action, and vice versa.

For a given &, returns p, and prior beliefs ¥ on all but one action n, the number of times the action n
is chosen prior to some time t increases in the manager’s prior v regarding the action, and vice versa.
Proof :  Note that the €,(s) (that correspond to this @) can be combined with the priors to specify the
outcomes directly in terms of the resulting index numbers. The manager’s choice of action is simply that
action which has the highest current index number. An increase in p,, (without changing the prior r9) raises
all index numbers for action n and more so as they are further away in time.

Consider two values for pn: pn < pn.

We first show that this implies that prior to time ¢ the number of times action n is chosen increases. The
key is to show (by induction) that a certain index number for n, say the s’th, cannot be selected at a later
time when p,, = p,, than when it was p,,. This is trivial for the first index number since the index number is
unchanged from before. Assume now that the (s — 1)’th number was selected at the same or an earlier time
than under p,,. We have to prove that the s'th will not be selected any later than before.

Suppose, by contradiction, it were selected at a later time, then at the time that it was selected under p,,
all index numbers are identical, except for that of action n which is higher. Under p,, the index of n is lower
than it is now, and nevertheless n was chosen last time and thus must have been the highest index number
and not now. This is a contradiction.

An analogous argument shows that the number of times the action is selected decreases as p,, decreases.
This also implies that when the action has been selected more often prior to some time ¢ and all is identical
except pn, then is must be that p,, is higher.

The argument for the second part of the proposition is completely analogous. |

Lemma 6 The probability that an action a becomes a firm’s eventual action a* increases in pg and in the
manager’s prior 19

a°

Proof : Let I* be an indicator function that a is the eventual action. Lemma |5 implies that, for a given
w, prior beliefs, and returns on all but a, I* increases in p;. The result then follows by taking expectations.
The argument for the prior is identical. ]

B.2 Managers and culture
Lemma 7 For any actions a # a, Elpa — pa | @ = a*] > 0 and Plpz > pa | @ = a*] > 0.5.

Proof : By lemma 8 and the properties of FOSD, it suffices to show that the distribution of pz FOSD
that of ps.

Note now that, with g denoting the prior distribution of p,

Pla=a” | pa = vlg(v)

flpala=a")= [ Pla=a* | pa = ulg(u) du
while
o Pla=a" | pa=0lg(v)
f(pa ) J Pla=a*| pa = ulg(u) du
Let
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and

By lemma 6], 21 increases in v (from 0 to some number). Analogously, ho decreases in v (from some number
to 0). Let © be defined by hy(9) = he(0). Such ¢ is unique and hy < hy iff v < 9.
So you need to show now that hj(v)g(v) FOSD ha(v)g(v) or

| @ - m@lgwa <o

— 00

Clearly, the above holds for x < ©. Moreover, for > v,

/ " [ha(v) — ha(0)] 9(v) do

— 00

_ / " ha(0) — ha(v)] g(v) do

<0

This proves the result. n

Lemma 8 If f(x) first order stochastically dominates g(y) (so that F(z) < G(x)), then Plx > y] > 0.5.

Proof : Note that
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