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We study how firms can use a knowledge management system to optimally leverage employee-generated
know-how. In particular, we consider the following practical strategic questions for the manager of a

knowledge-intensive firm: Should her firm develop a formal knowledge system? And if so, how should it be
managed, particularly in terms of what information to record? We find that firms benefit more from a knowledge
system when they are larger, face the same issues more frequently, have higher turnover, and face problems
about which there is less general knowledge. In terms of what information to record, a key insight is that
recording moderately successful practices can be counterproductive, because doing so may inefficiently reduce
employees’ incentives to experiment. This “strong-form competency trap” forces firms into an exploration–
exploitation trade-off. Firms that value a knowledge system most should also be most selective in recording
information. We further find that recording successes is more valuable than recording failures, which supports
firms’ focus on best practice. Beyond these main principles, we also show that it may be optimal to disseminate
know-how on a plant level but not on a firm level, and that recording backup solutions is most valuable at
medium levels of environmental change.
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1. Introduction
Nearly all firms depend to some extent on know-
how to gain a competitive advantage. Learning and
its benefits have therefore been an important focus of
the management literature, from the learning curve
(Alchian 1963, Ghemawat 1985, Adler and Clark 1991)
and the learning organization (Senge 1990) to the
effectiveness of specific learning practices (Cohen and
Levinthal 1990, Argote 1999). Furthermore, the liter-
ature on exploration and rugged landscapes (March
1991, Levinthal 1997, Rivkin and Siggelkow 2003), the
role of information in organization design (Marschak
and Radner 1972, Garicano 2000, Alonso et al. 2008),
and knowledge-based theories of the firm (Conner
1991, Kogut and Zander 1992, Foss 1996) have related
knowledge and know-how to the most fundamental
issues in organizations and their design.
For some firms, know-how is so important that they

develop formal systems to capture and disseminate
the knowledge generated by their employees. Many
professional organizations, for example, rely almost
exclusively on knowledge for their value creation,
whereas their high turnover and fast promotion
require efficient ways to transfer such knowledge
from one generation to the next. In response, firms
such as McKinsey & Company and Booz Allen Hamil-
ton implemented knowledge management systems
to guide analyses and recommendations for future
clients (Bartlett 1996, Christiansen and Baird 1998).

But such formal knowledge systems are not exclusive
to professional firms. Siemens implemented ShareNet
to record technical and functional solutions to prob-
lems (MacCormack 2002). Ford Motor company’s
“Best Practices Replication Process,” which requires
improvements to be quantifiable before they can be
codified in the system, has saved the company an esti-
mated $850 million over four years (Stewart 2000).
Finally, many companies codify best practices in the
form of standard operating procedures and ISO 9000
documentation.1

This raises an important strategic, and very prac-
tical question for the manager of any knowledge-
intensive firm: Should her firm develop a formal
knowledge system? And if so, what principles should
guide the management and design of such a system?
To make things more concrete, consider the follow-
ing situation in a global management consulting firm.
A consulting team has just completed a project to
improve the effectiveness of the field service orga-
nization of an electronics firm. Because of this con-
sulting firm’s high turnover, rapid promotions, quick
shifts in specializations, and limitations on working
for competing clients, it is highly unlikely that any
of the team members will ever work on the same

1 Although the focus of this paper is on knowledge systems within
firms, the ideas may also be applicable to other knowledge reposi-
tories, such as biological resource centers (Stern 2004).
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problem again. But some other team in this consult-
ing firm, working for a different client in a different
country, may be faced with exactly the same prob-
lem some time down the road. Because person-to-
person transfer of knowledge is difficult and expen-
sive, the firm considers whether it should set up a
formal knowledge system to make such know-how
accessible to future generations of consulting teams
faced with the same problem. This raises a number
of important questions. First, the manager needs to
know what factors drive the value of such a sys-
tem to determine whether it would be worthwhile
for her particular firm. Next, when considering the
implementation of such a system, some of the first-
order questions the manager would face—apart from
technical considerations—is what information the sys-
tem should record (i.e., all information versus only
extremes; all information versus failures versus suc-
cesses) and who should have access to that infor-
mation. These specific but important questions have,
to our knowledge, received very little attention in
the management literature, which typically takes the
knowledge recording (implicitly) as given. For firms
that rely on knowledge for their success, the answer
to such questions may directly affect their competi-
tive advantage. Furthermore, as we will argue, these
issues can have implications far beyond the basic
issue of recording and spreading knowledge. For
example, an important theme of this paper is that a
firm’s strategy in recording know-how may have an
unexpected influence on its future ability to generate
new knowledge. Moreover, as a system of comple-
ments (Milgrom and Roberts 1990), a well-functioning
formal knowledge management system allows the
firm to focus its hiring, staffing, and turnover pro-
cesses on objectives other than knowledge or knowl-
edge transfer, and may affect the relative attractive-
ness of potential projects and thus its optimal market
strategy.
This paper considers how search and information

economics can usefully inform a manager about these
management issues, in particular whether to imple-
ment a knowledge system and how to manage it in
terms of what to record. We study a stylized model to
explore the managerial decisions of a firm that seeks
to maximize the knowledge-based performance of its
employees. As employees try different solutions to
a problem and thus develop relevant know-how, the
manager must decide whether to codify, at a cost,
such findings in a knowledge system to pass on to
future generations of employees.
One of our most interesting, and counterintuitive,

insights relates to the management and design of a
knowledge system. In particular, we find that it may
be strictly optimal not to codify moderately success-
ful practices. The reason is a strong-form competency

trap: Once a practice is codified, employees have
less incentives to experiment further with actions that
could lead to even higher performance than the cur-
rent best practice. Therefore, the firm must trade off
exploiting a known best practice versus continuing
experimentation to get even better performance in
the future. As a consequence of this tension between
experimentation and exploitation, we also show that
it may be optimal to disseminate a moderately suc-
cessful practice at the plant level but not dissemi-
nate it at the firm level. That is, the firm should fol-
low a hybrid strategy where part of the organization
exploits the current best practice, while the rest con-
tinues to experiment.
With respect to the fundamental question of which

firms should actually implement a formal knowl-
edge system, we find that firms derive more value
from a knowledge system when they are larger, when
they face the same issues more frequently, when they
have high turnover, and when they face issues with
more uncertainty about the performance of alterna-
tive solutions or issues about which there is little
general knowledge. The effect of firm size is partic-
ularly interesting because it derives from two scale
effects: on the knowledge generation side, large firms
have more employees experimenting, leading to bet-
ter solutions, whereas on the knowledge application
side, large firms can apply the same knowledge more
broadly. The effect of uncertainty derives essentially
from the option value implicit in experimentation.
Interestingly and importantly, we find that these same
factors make it also optimal for a firm to be more
selective in codifying information (to avoid the com-
petency trap).
In terms of knowledge system management, our

findings also support the intuitive inclination of firms
and the approach of total quality management (TQM)
and ISO 9000 to focus more on “best practice.” We
find, in particular, that (for future generations of
employees faced with the same issue) the direct infor-
mational value of successful practices is higher than
that of failures. The reason is that information about a
success tells an employee exactly what to do, whereas
information about a failure merely excludes one of
many possible courses of action. We do, however, also
examine what factors may make information about
failures valuable in this context.
To derive these results, we use an analytical

approach to examine the mechanisms that are at work
in this knowledge-based organizational setting. This
allows us to systematically uncover costs and benefits
of alternative principles for knowledge management.
To keep the analysis tractable and thus transparent,
we make simplifying assumptions. Such assumptions,
however, may raise issues with respect to robust-
ness (i.e., whether the results are in fact driven by
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some “simplifying” assumption and would disappear
if the assumption were relaxed) and applicability
(i.e., which settings the model approximates reason-
ably well versus where more research is needed).
With respect to robustness, we will argue that none
of the simplifying assumptions seems to inadver-
tently drive the key results we derive, by consid-
ering the effects of relaxing the assumptions. With
respect to applicability, the most important assump-
tions relate to our focus on the transfer of know-how
from one set of employees to another via a knowledge
system. In particular, our model applies particularly
well to business settings where different employees
face similar challenges over time or at different loca-
tions. This would be the case either when employ-
ees are geographically dispersed or when turnover
or job rotation is commonplace, as in many large
firms. Moreover, because the know-how is trans-
ferred via a knowledge system, the problems must
be explicit and codifiable.2 Our model would thus
not apply to business settings where problems are
difficult to describe (such as radical innovation) and
performance is hard to measure, or to firms where
there is very low turnover and frequent communica-
tion among all employees (such as small stable firms).
Typical settings where our results would apply quite
well would be the global consulting firm mentioned
above or firms with multiplant networks that bene-
fit from interplant knowledge transfer of operational
practices.

1.1. Literature
This paper is related to several strands in the manage-
ment and economics literature. One important area
is the management literature on knowledge man-
agement. This research has focused primarily on
empirical studies of how firms can effectively create,
retain, and transfer knowledge (see surveys in Argote
1999, Argote et al. 2003, Holsapple 2003, and Levitt
and March 1988). For example, Cohen and Levinthal
(1990) suggest that an organization’s ability to lever-
age new information depends on its “absorptive
capacity,” which is a function of its prior knowledge
in a related area. Brockman and Morgan (2003) study
how existing knowledge affects new product perfor-
mance and innovation, whereas Sorenson (2003) stud-
ies how environmental volatility affects knowledge
transfer in vertically integrated and vertically non-
integrated firms. On the issue of learning from suc-
cess versus failure, the popular business press has
emphasized best practice (Bartlett et al. 2003, O’Dell
and Grayson 1998), although some also side with a

2 If the actions or solutions are difficult to codify, the knowledge
system could still refer to “experts.” But if the problem itself is not
codifiable, then the knowledge system cannot even be indexed.

body of academics who advocate learning from fail-
ure (Sitkin 1992, Leonard-Barton 1995, Miner et al.
1999, Canon and Edmondson 2001). Our paper differs
from this literature through its explicit focus on for-
mal systems for recording know-how, an issue that, to
our knowledge, has been absent from this literature.
A second related stream of literature is the eco-

nomics of search and optimization (DeGroot 1968,
Jovanovic 1979, Weitzman 1979, Aghion et al. 1991),
and in particular the literature on multiarmed ban-
dits (Thompson 1933, Rothschild 1974, Adam 2001).
This literature studies optimal search algorithms and
strategies for an individual or for a group of people.
One important application—from the perspective of
this paper—is the competency trap as suggested by
Levitt and March (1988) and studied more analytically
by Jovanovic and Nyarko (1996). Whereas our paper
uses the multiarmed bandit formalism as a building
block, both our setting and interest are very different
from this literature. In terms of setting, we study the
transfer of information in a multigeneration or multi-
group setting, which, to our knowledge, has not been
explored before. In terms of interest, our focus is on
knowledge management systems in firms, rather than
on general principles of experimentation. This differ-
ence in setting and interest is also what distinguishes
this paper from the more general literature on the eco-
nomic value of information, such as Blackwell (1951),
Hilton (1981), and Athey and Levin (2001). This liter-
ature focuses again on an individual decision maker
in a general static context. Athey and Levin (2001),
for example, study the demand for information by
decision makers faced with “monotone decision prob-
lems,” i.e., decision problems in which actions and
signals can be ranked such that higher actions are cho-
sen in response to higher signals.
Also closely related to our work is the literature on

rugged landscapes (Levinthal 1997, Kauffman et al.
2000, Siggelkow and Levinthal 2003, Siggelkow and
Rivkin 2005). This research studies how organiza-
tions search and adapt to their environment, and how
that search and adaptation is affected by organiza-
tion form and processes.3 Our paper has some themes
in common with that literature. The exploration–
exploitation trade-off in this paper, for example, has
similarities to the search–stability trade-off in Rivkin
and Siggelkow (2003). But the focus of the rugged
landscape literature is on the search behavior and
how it is influenced by the organizational form,
which is quite different from this paper’s interest in
formal systems for recording know-how and their
implications.

3 Some seminal work on this methodology was done in biology
(Kauffman and Levin 1987, Kauffman 1993).
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More distantly related is the organization eco-
nomics literature on communication and the use of
information or knowledge (Marschak and Radner
1972, Bolton and Dewatripont 1994, Van Zandt 1999,
Garicano 2000, Alonso et al. 2008). The focus of this
literature is on the role of organization, and in par-
ticular hierarchy, in the aggregation of information
and in problem solving. Van Zandt (1999), for exam-
ple, studies decentralized computation as a model for
information processing by organizations. These mod-
els are thus very different both in focus and in setup.
Finally, a paper that nicely complements ours is

Manso (2007), who studies how to give agents incen-
tives to innovate. Among other things, he shows that
a tolerance, or even reward, for failure and timely
feedback are key ingredients of incentive schemes that
are conducive to innovation.

1.2. Contribution
The contribution of this paper is to study (ana-
lytically) two questions regarding the management
and implementation of a formal knowledge system:
(1) Which firms derive most value from such a for-
mal knowledge system? (2) Which principles should
guide the management and design of such a system
in terms of what information to record and transfer?
The rest of this paper is structured as follows. Sec-

tion 2 presents our model. Section 3 examines best
practices and the strong-form competency trap, with
§3.2 paying particular attention to the assumptions.
Sections 4 and 5 consider, respectively, the issues of
local versus global dissemination and how the results
may be affected by potential changes in the pay-
offs over time. We discuss limitations and extensions
of our model in §6 and conclude in §7. The online
appendix (provided in the e-companion)4 contains all
proofs and a more in-depth treatment of the issues
discussed in §§3.2 and 6.

2. Basic Model
This section describes our basic model—which is a
stylized representation of a firm that repeatedly faces
the same set of issues, though each time through dif-
ferent employees—whereas §3.2 discusses some key
simplifying assumptions and how they may (or may
not) affect the results.5

As a motivating example for the model, think of
the global consulting firm, discussed in §1, with
its repeated projects in field service effectiveness.
The firm learns about the performance of alternative
approaches through its employees’ trials and errors.

4 An electronic companion to this paper is available as part of the on-
line version that can be found at http://mansci.journal.informs.org/.
5 We delay this to the end of §3 to immediately discuss the effects
on the results.

The firm has to decide whether to set up a knowledge
system to capture such know-how and, if so, how to
manage it.
To capture this in a model that delivers a transpar-

ent and tractable analysis, we will limit attention to
one particular problem, e.g., improving field service
effectiveness, and we will study a firm that faces this
same problem in three periods. The reason to consider
a three-period model is that this is the minimum num-
ber of periods to formulate all our results. To keep
model changes to a minimum, we therefore formulate
all results in such a three-period model.6

In each of these three periods, a new group or “gen-
eration” of the firm’s employees will face that partic-
ular problem. Each such group or generation consists
of I employees and there are no overlaps among
the groups. The change in employees from period to
period may reflect turnover, or it may reflect the fact
that problems get allocated randomly and that the
firm has a very large number of employees so that it
is unlikely that the same person gets selected twice,
or it may reflect a deliberate policy of the firm to put
new people on the project from time to time, as we
discuss later. The assumption that there is no overlap
among the generations is made to impose a transfer
of know-how and simplifies the analysis considerably.
Consider now one particular employee. To solve the

problem she is facing, the employee can choose from
a large number of potential solutions or approaches.
This set of solutions will be denoted A = �a1� a2� � � ��
and is common to all employees. For simplicity, we
will assume that this set of potential solutions is
(countably) infinite.
Each potential solution aj has a payoff vaj

∈ � that
captures how well this solution solves the problem
and, thus, how much benefit the firm derives from
this solution. These payoffs are exogenously given but
are originally unknown to the firm and its employ-
ees.7 To keep the analysis general, we will not pick
any particular values for the vaj

, but specify a dis-
tribution from which these payoffs will be drawn.
We will assume, in particular, that the payoffs are
independent and identically distributed draws from
some nondegenerate and commonly known distribu-
tion G. Although this assumption is quite standard
and captures a setting where there is little general
prior knowledge about the solutions, we will show

6 Some of our results can be formulated and hold in a two period
model. Other results, such as the strong competency trap, however,
do require three periods to be nontrivial.
7 Our setup essentially embeds a multiarmed bandit problem in a
context with multiple selections or generations of employees (and
potential transfers of knowledge from one selection or generation
to another). For general treatments of multiarmed bandit problems,
see Berry and Fristedt (1985) or Gittins (1989).



Lee and Van den Steen: Managing Know-How
274 Management Science 56(2), pp. 270–285, © 2010 INFORMS

Figure 1 Time Line of Model
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later how these assumptions can be relaxed by allow-
ing correlation structures or more differential infor-
mation about the alternatives.
Whereas the payoffs of specific actions are orig-

inally unknown (beyond the fact that they are
drawn from the known distribution G), a solution’s
effectiveness—and thus its payoff—gets revealed to
both the employee and the firm when an employee
implements that specific solution. It then becomes
temporarily part of the firm’s know-how. The firm
can make this knowledge available to other groups,
or to future generations, of employees by recording
the action and its payoff in its knowledge system.
Let us now turn to the dynamic structure of the

game, as described in Figure 1. At the start of the
game, the firm has to decide whether to set up a
formal knowledge system. Such knowledge system is
characterized by its capacity n ≥ 0, which is the max-
imum number of actions about which it can record
information (i.e., each action and its performance,
�aj� vaj

�, takes one unit of capacity). We assume that
the cost of the knowledge system is proportional to
its capacity, i.e., the cost of a system of capacity n
is cn, with c > 0. After the system and its capacity

have been chosen, the payoffs vaj

iid∼ G are drawn. As
mentioned before, the realizations of the vaj

are not
publicly revealed at this point (so that it does not mat-
ter whether these payoffs are drawn before or after
the firm’s decision on a knowledge system).
After this “setup” period, there are three regular

periods that correspond to the three groups or gen-
erations of employees who face the focal problem.
These three periods are very similar to each other.
In each of these periods, a new group of I employ-
ees is faced with the focal problem. Each of these
employees learns (at no cost) all information that is
currently in the knowledge system, and thus imme-
diately knows the payoffs of all actions about which
the firm has recorded information. These I employees
then each (simultaneously) choose an action from the
set A to try to solve the problem. The firm observes
these actions and how well they solve the problem,
i.e., their resulting payoffs. The firm then decides
what know-how �aj� vaj

�, if any, to record in its knowl-
edge system for future generations of employees. The

only information that can be recorded at the end of
period t is whatever know-how was transferred from
period t −1 plus whatever was revealed through new
actions undertaken in period t. We will assume that
the firm has a discount factor �. We discuss later how
this discount factor has a number of useful alternative
interpretations.
We assume that the firm maximizes its overall per-

formance, i.e., the net present value of the sum of
all employees’ payoffs. Each employee maximizes her
own performance, i.e., the expected payoff from her
own action. When indifferent, employees are assumed
to act in the firm’s interest. When both are indiffer-
ent, employees choose an action at random (with all
actions equally likely). Finally, when indifferent, the
firm prefers to not store any information (as if record-
ing information carries a tiny cost). These assump-
tions on what employees or firms do when indiffer-
ent are made for convenience and do not drive the
results. Section 6 discusses the robustness of these
results with respect to introducing explicit incentives.

3. Best Practice and Strong
Competency Trap

In this section, we first derive the main results of the
paper and then discuss how robust these results are
to relaxing some key assumptions.
Because of the backward induction nature of

the analysis, the results are in reverse logical
order: Proposition 3, which comes last, indicates
which firms should implement a knowledge system,
whereas Propositions 1 and 2 indicate, conditional
on implementing a knowledge system, how such
system should be managed in terms of information
recording.

3.1. Analysis
We thus consider first the following question: Given
a knowledge system, how much and what informa-
tion should be collected? Our first result, captured in
Proposition 1, shows that the firm records only the
“best practice” in its knowledge system. To present
this result formally, let Bt ⊂ A denote the set of actions
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about which information is available in the knowl-
edge system at the start of period t, let Ct ⊂ A denote
the set of actions selected by employees in period t,
and let ǎt = argmaxaj∈Ct∪Bt

vaj
be the highest-payoff

action in either Bt or Ct . We use superscript ∗ to
denote optimized values.

Proposition 1. An optimal knowledge system has
at most one unit of capacity (n∗ ≤ 1). At the end of each
period t, at most the action with the highest payoff, ǎt ∈
Bt ∪ Ct , is recorded.

It is useful to unpack this best practice result into
two parts: the firm records only successes and, con-
ditional on recording only successes, it will record
only one, the best practice. These two results are
driven by two effects. The first and most important
effect is that information about successes (i.e., above-
average performance) is more useful than informa-
tion about failures (i.e., below-average performance):
If an employee learns about an extremely good action,
she can choose that action and receive the high pay-
off, but if she learns about an extremely bad action,
she can only avoid that action and then still has to
choose among the remaining actions, so that her pay-
off remains close to the average payoff. It is important
to note that we consider here only the direct infor-
mational value of remembering a past action and its
payoff. In particular, failures can be very valuable,
for example, to discover organizational malfunctions.
However, such considerations are quite different from
the reason why you would record information in a
knowledge system for employees to consult when
faced with a new problem, in which case knowing
what worked is more useful than knowing what did
not. This effect provides an explanation for why com-
panies such as McKinsey, Ford, and Siemens tend to
focus on best practice or on successful approaches in
their know-how systems.8 This is also reflected in the
focus on best practice and benchmarking in TQM and
ISO 9000 standards.
The second effect that drives this result is that

among the actions in the knowledge system, employ-
ees will undertake the one action with the highest
performance (conditional on that performance being
greater than average). Once employees stop experi-
menting, it is also in the firm’s best interest that the
employees undertake the one best known action. It
follows that from the perspective of both the employ-
ees and the firm, only the best among all observed

8 Note that sample selection bias (or the bias from sampling on the
dependent variable) is not an issue here because the companies
observe the full population of experiments. Sample selection issues
only arise when performance measures are noisy and observations
are selected for further study based on their performance. For some
perspectives on managerial implications of sample selection, see
Carroll (1983), Denrell (2005), and Van den Steen (2005).

successes matters and is worth remembering. Because
failures never get recorded, it follows that only one
action is worth remembering from the firm’s perspec-
tive, and that is the best practice. To see this from a
different perspective, because no one cares about the
second-best practice, there is no point in recording it.
The exact form of the result—that at most one best

practice is recorded—is quite extreme, although it
is actually common practice in TQM and ISO 9000.
To understand what drives this, it is useful to split
this again into two components: failures never get
recorded and at most one success gets recorded. In
both cases, the result is a combination of a general
and broadly applicable mechanism with some specific
assumptions that make the principle come out in a
very stark way.
The outcome that failures never get recorded comes

out in such a stark way in part because of the assump-
tions that there are an infinite number of potential
solutions and that payoffs are perfectly observed. In
particular, if there are only a finite number of alter-
natives, then it will be optimal to record (sufficiently
bad) failures as long as no (sufficiently good) success
has been discovered, as we discuss in §3.2. An impor-
tant insight is that knowing about a pitfall cannot
degrade performance beyond the cost of recording the
information.
The outcome that at most one success gets recorded

comes out in such a stark way in part because of
the assumption that past performance perfectly pre-
dicts future performance. When this connection is
less than perfect, there can be gains from recording
more than one success. Two conditions that weaken
the connection are that performance may change over
time, which we will analyze in §5, and that informa-
tion about past performance has some noise. We will
also discuss in §3.2 that, when recording failures is
optimal, it is often optimal to record more than one
failure.
Despite these caveats, this first result has an impor-

tant positive and normative implication with direct
managerial relevance: From the point of view of infor-
mation for solving similar future problems, firms
should focus more on recording best practice in a
knowledge system than on documenting failures.
In terms of managing a knowledge system, this first

result gives managers guidance as to what informa-
tion to focus on when setting up a knowledge sys-
tem. But our second result is about a reverse effect:
Some information has negative value and a man-
ager designing a knowledge system should explic-
itly prevent such information from being recorded.
In particular, it may be strictly optimal for a firm
to explicitly not record information about moderately
successful practices (i.e., actions with slightly above-
average performance) even if doing so were free.
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To show this formally, we will now derive the
firm’s optimal strategy for recording information. The
following proposition says that in period 1 the firm
will not codify actions with payoffs less than a thresh-
old ṽ1 > 	G, even when their payoff is greater than
the mean, 	G; only actions with payoffs greater than
ṽ1 should be codified. Once an action is codified,
employees will henceforth take that action as they
know it will lead to higher than average performance.

Proposition 2. There exists thresholds ṽ1 > ṽ2 = 	G,
such that for t = 1�2,
• actions in period t with payoff v ≤ ṽt never get

recorded;
• the first time any payoff in period t strictly exceeds

ṽt , the action corresponding to the highest payoff in that
period gets recorded; and
• from that time on, all employees undertake that one

recorded action.

This result is probably more surprising than the
aforementioned results on best practice. It is caused
by an agency problem that is central to firms’
attempts at exploration and innovation: Because part
of the benefits from experimentation are realized in
the future or elsewhere in the firm, employees do
not benefit as much from their own experimentation
as the firm does. An employee will thus experiment
less than what the firm would want her to do. In
particular, in the context of our model, it takes the
stark form that employees will stop experimenting
once any above-average action is known. The rea-
son is that the employee maximizes her one-period
payoff and thus simply chooses the action with the
highest (immediate) expected performance. To coun-
teract this, the firm can force employees to continue
to experiment by not recording information about
actions with mediocre above-average performance. In
fact, the firm would even be willing to pay to ensure
that information on actions with mediocre payoffs
disappears. This insight is complementary to the best
practice policy described in Proposition 1: By telling
employees what the best practice is, they adopt it; by
not telling employees what the best (known) practice
is, they experiment. What the firm decides to codify
then depends on the value of exploiting the current
best practice versus the future expected value from
experimentation.
The effect that knowledge about moderately suc-

cessful actions can actually hurt long-term perfor-
mance is essentially a strong-form “competency trap.”
The notion of a competency trap, introduced by Levitt
and March (1988) and further analyzed by Jovanovic
and Nyarko (1996) and others, captures the idea that
an (at first sight) valuable competency may have
unexpected consequences that end up hurting the

firm. An essential component of the notion of a com-
petency trap as suggested by Levitt and March (1988)
is that the firm must become proficient using the
inferior procedure. In particular, they describe it as a
situation “when favorable performance with an infe-
rior procedure leads an organization to accumulate
more experience with it, thus keeping experience with
a superior procedure inadequate to make it rewarding
to use” (Levitt and March 1988, p. 322). The compe-
tency trap we identify here is stronger: the simple fact
of knowing about the moderately successful practice
inefficiently reduces the incentives for employees to
experiment.
In a somewhat related argument, Sitkin (1992) sug-

gests a complementary reason why success can be
a liability to an organization: it can breed compla-
cency and homogeneity, and organizations tend to
punish failure disproportionately relative to inaction
(or status quo). In this paper, we find that the lia-
bilities of success can be even more extreme: risk
neutral, performance-maximizing employees who are
rewarded symmetrically for failures and successes
will stop experimenting once information about a
moderately successful practice is revealed to them.
Although the exact form of the result, as stated in

Proposition 2, depends on the specific assumptions
of the model, the general qualitative result—that it
may be optimal not to record information even when
free—seems to be robust. The reason is that, from the
perspective of the firm, there is no upside to record-
ing information about mediocre practices because the
firm prefers employees to continue experimenting. An
important managerial implication is that, even without
the use of incentives, the firm can induce optimal exper-
imentation by its employees by this strategic use of
the knowledge system (as long as it is able to con-
trol on an individual basis who gets access to what
information as in §4).
Although we know of no systematic research that

shows that indiscriminate recording of know-how
can hamper the further development of know-how,
there is some informal evidence on these issues. For
example, a large telecom company that implemented
a knowledge management system for its 1,200 sup-
port center engineers was initially encouraged by the
adoption and improved performance of its employ-
ees: “After the first year, the average time-to-solution
for high priority problems was reduced to four hours
from two days.” However, in the long run, the firm
discovered that “most engineers chose the easy way
out by simply relying on the system to solve prob-
lems” (Chua 2007, p. R8). Similar worries that reliance
on the knowledge system blunted experimentation
and creativity have been raised, among others, at
McKinsey (Bartlett 1996, personal conversations). The
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results of this paper suggest that both a more criti-
cal approach to what information to codify and forc-
ing teams from time to time to work without any
access to the knowledge system (to force experimenta-
tion) may result in better long-term outcomes. In par-
ticular, the theory implies that firms should actively
ensure that only know-how of sufficiently high qual-
ity gets recorded. Firms may implement this in dif-
ferent ways, from a formal approval system before
information can be recorded (e.g., Ford Motor Com-
pany’s “Best Practices Replication Process”) to pur-
posely raising the hurdles to record information.
Now that we derived what information should be

recorded conditional on implementing a knowledge
system, we can turn to the question of which firms
get the most value from a knowledge system and are
thus most likely to implement it. In particular, in our
third main result we show that a firm derives more
value from a knowledge system when it has more
employees facing the same issue, when it faces the
issue more frequently, and when it faces issues with
more underlying uncertainty. Moreover, we show that
these same drivers also make it optimal for the firm
to be more selective about codifying information in its
knowledge system, so that the value of a knowledge
system and its optimal management are related.
The fact that it is the same factors that drive the

value of having a knowledge system and the optimal
selectivity is important: The firms that are most likely
to have a knowledge system should also be most
selective. Had this relationship been the reverse, i.e.,
if such firms should have been least selective, then
it would have weakened the importance of Proposi-
tion 2. Now, the result strengthens the importance of
Proposition 2.
These comparative statics are derived in the follow-

ing two-part proposition. To capture the notion that
one probability distribution differs from another in
the ex ante uncertainty about the payoffs, we will use
a mean-preserving stretch to represent that one distri-
bution is a stretched-out version of another. In par-
ticular, F is a mean-preserving stretch of G if 	F =
	G, and there exists a continuous function 
�x� such
that F �	F + 
�x�� = G�	G + x� with 
�0� = 0 and
1< 
′�x� < A for some A < � and x ∈ �.9 A special
case is that F is a linear mean-preserving stretch of G if
	F = 	G and F �	G + �x� = G�	G + x� for some � > 1
and x ∈ �. Let v�I� denote the I th order statistic and
G�I� its distribution when the underlying distribution
is G.

9 Note that mean-preserving stretch is a stricter notion than
mean-preserving spread. We want to capture the fact that the
two distributions differ in their variance and in their variance
only. Mean-preserving spread allows the distributions to differ
completely, as long as they can be ordered by their riskiness.

Proposition 3A. The value of a knowledge system
(with n∗ = 1) is �I��P�v�I� ≤ ṽ1


∫ �
	G

�v − 	G�dG�I��v� +
�1+��

∫ �
ṽ1

�u−	G�dG�I��u��− c. The value of a knowledge
system increases in firm size I , in the discount factor �,
and in a mean-preserving stretch of G, and decreases in the
cost of capacity c.

Proposition 3B. The optimal threshold for codifying
knowledge, ṽt , increases in I , �, and a mean-preserving
stretch of G (strictly for t = 1 and weakly for t = 2).

To see the intuition for the comparative statics on
the value of a knowledge system, note that the value
depends on two factors:
1. Effectiveness of experimentation: Relative to a

naive (i.e., a random) solution, how much does exper-
imentation improve the firm’s expected know-how?
2. Effectiveness of exploitation: For a given level

of know-how (i.e., for a given improvement over the
naive solution), how much value gets generated by
deploying that added know-how to other groups (or
future generations) of employees?
Consider then first the effect of firm size on the

value of a knowledge system. Firm size acts on both
factors. With respect to experimentation, larger orga-
nizations have more employees experimenting, so
that the quality of the know-how increases, mak-
ing it more valuable to remember and deploy. With
respect to exploitation, larger organizations bene-
fit from returns to scale because they have more
employees who can apply the best practice (at no
extra cost). In other words, knowledge systems have
scale effects in both the experimentation (knowledge
generation) and exploitation (knowledge application)
stages. Casual observation indeed suggests that it is
the large Fortune 500 companies, such as Ford and
Siemens, and the large consulting companies, such as
McKinsey and Booz Allen Hamilton, that have imple-
mented knowledge management systems.
The effect of uncertainty about the actions’ perfor-

mance works through the “effectiveness of experi-
mentation” factor. Clearly, if there is little uncertainty
and all actions perform similarly, there is little to learn
from experimentation. If, on the other hand, there
is a lot of uncertainty about how alternative prac-
tices will perform, then there is also a high option
value from being able to remember the best alterna-
tive. It follows that we should see knowledge sys-
tems more in industries where there is high variabil-
ity in the performance of alternative approaches and
little general knowledge as to exactly which one is
the best approach. This would predict that know-how
systems are more common in settings with complex
problems and in professions that are considered more
an art than a science. General management consulting
or cutting-edge surgery would be typical cases. This
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can be operationalized, for empirical purposes, by the
level of disagreement about the optimal approach.
A higher discount factor, finally, affects the effec-

tiveness of exploitation factor: It makes the future,
and thus the value of exploiting any improvements
in know-how, more valuable. That will obviously
increase the value of a knowledge system. This com-
parative static has another useful interpretation when
we interpret the periods as time intervals of length T
in a continuous-time model with discount rate r . In
that case, the discount factor � = e−rT is also a measure
for the time between intervals. A high discount fac-
tor thus corresponds to facing that problem more fre-
quently (though every time by different employees).
It follows that firms that are faced more often with
the problem or that have high turnover would bene-
fit more from encoding best practice and thus derive
more value from a knowledge system. This suggests
that large consulting firms with high turnover or
rapid promotion and consulting firms that rotate their
consulting staff over very diverse projects (rather than
specializing them) will get more value from a knowl-
edge system. Firms that make their consulting staff
more specialized and that have low turnover get less
benefit from a knowledge system.
The second part of the result is that the opti-

mal selectivity in recording know-how is driven by
these same factors. The intuition for these results
on selectivity in encoding is actually quite similar
to the intuition for the value of a knowledge sys-
tem because it depends on the same two factors,
though in slightly different ways. In particular, being
more selective means forgoing exploiting a currently
known mediocre practice in this period to experiment
and exploit an even better practice in the future. The
effect of being more selective then depends on the
effectiveness of experimentation, as before, and on
the relative effectiveness of exploitation. In particular,
what matters in terms of exploitation is how deploy-
ing the mediocre practice in this period compares to
deploying the improved practice in the future.
The comparative statics are then similar as those for

the value of a knowledge system, but come through
slightly different channels. First, the effect of firm size
now comes completely through its impact on experi-
mentation: Larger firms generate in expectation better
know-how when they experiment (whereas both the
costs and the benefits of exploiting the current prac-
tice now versus the improved practice in the future
are proportional to firm size). Larger firms should
thus be more selective in what to encode. Second,
the effect of uncertainty comes, as before and for
the same reason, from an increased effectiveness of
experimentation. Third, the effect of the discount fac-
tor, which is more subtle and potentially weaker in

this case, comes from the relative benefit of deploy-
ing the current mediocre practice in this period com-
pared to experimenting in this period and deploying
an improved practice in future periods. This bal-
ance obviously tilts toward experimentation and thus
toward higher selectivity when the discount factor is
higher. To see this another way, the cost of experi-
menting one more time is independent of turnover,
but the ensuing improvement in the best practice is
more valuable in firms with higher turnover because
it will be applied sooner and more often. It is thus
optimal to be more selective.
These results on the optimal selectivity are a bit

more subtle than those on the value of a knowledge
system because the underlying argument and trade-
offs require more steps in logic. Although we believe
that these results are also robust, more research is
needed to confirm this.

3.2. Robustness
In this section, we explore the effect of relaxing some
key assumptions of the model. Apart from providing
insights in the mechanisms, the analysis suggests that
the main results seem quite robust. The discussion
in this section is supported by more formal analy-
sis and (some) more in-depth discussion in the online
appendix.

3.2.1. No Overlap Among Generations. A first
important assumption in our model was that there is
no overlap among different groups or generations of
employees. This assumption makes the analysis very
clear and transparent, because it essentially imposes a
transfer of know-how from one generation to the next,
but it also excludes two quite common situations.
The first excluded situation is that an employee

faces the problem more than once. Such employee
longevity has two effects. First, and most obvious,
the fact that employees may remember their pay-
offs from an earlier period reduces the benefits of
recording payoffs in a knowledge system. Second,
employee longevity gives the employees more incen-
tives to experiment: because they may face the prob-
lem again, they capture more of the benefits from
experimentation. Nevertheless, a formal analysis of a
simple variation on the model of §2 (presented in the
online appendix), in which there is some probability
that the employee stays for the next period, suggests
that the main effects of the paper, such as recording
successes over failures and the competency trap, carry
over to such a setting.
The second excluded situation is that employees

from one group (or generation) can communicate
directly with employees from a previous group (or
generation). Intuitively, such communication would
weaken some of the effects of the paper but would not
eliminate them. In particular, such communication is



Lee and Van den Steen: Managing Know-How
Management Science 56(2), pp. 270–285, © 2010 INFORMS 279

likely to be very random and ineffective unless there
is some system to identify which employees solved
the problem successfully, and thus which employees
are the experts on the problem. But the model in this
paper can be reformulated as being about a system
that identifies which employee is an expert (i.e., which
employee knows which actions deliver a high payoff):
Instead of recording the action and payoff, the system
records the name of the employee who knows these
actions and payoffs. The same principles as derived
in this paper would thus apply to such a system. It
follows that what the assumptions really exclude is
random, nontargeted communication. But such com-
munication has very similar effects as letting random
employees stay for another period, so that the main
qualitative results would again hold.
One interesting conjecture is that the firm may actu-

ally prefer to have no overlap among generations. In
particular, because of the competency trap, the firm
may prefer that the problem gets solved by a new
group of employees (if the old group had come up
with only moderately successful solutions) to ensure
that the organization “forgets” mediocre practices.
This practice of “bringing in new blood” to get more
experimentation seems quite common.

3.2.2. No Prior Information (or Identical Distri-
bution). A second important assumption was that all
payoffs are drawn from the same distribution and no
player has any information about the payoffs prior to
trying a particular action, i.e., employees have no rel-
evant experience. In the online appendix, we formally
relax this assumption in two ways. First, we analyze
a simple setting where each employee has experience
in the form of perfect knowledge about a finite num-
ber of randomly selected actions. Second, we examine
a setting where players do get a private but imperfect
signal about the payoff of each action, as if the players
can make educated guesses about the actions’ payoffs.
We show that under both scenarios only successes get
recorded and the competency trap still exists.

3.2.3. Independent Draws. The model also as-
sumed that the payoffs are independently distributed.
The key implication of this assumption is that know-
ing the payoff of one action gives you no informa-
tion about other actions. The online appendix shows
that the competency trap and the value of successes
over failures still hold in a simple model where each
action is positively correlated with a finite set of other
actions. Although this analysis shows that the key
qualitative results do not depend on the indepen-
dence assumption, that does not imply that the corre-
lation structure of the payoffs does not play a (poten-
tially important) role. In fact, the correlation structure
may sometimes allow interesting know-how strate-
gies for knowledge management. For example, the

fact that correlations give only partial information
about the inferred payoff may allow a combination of
exploration and exploitation.

3.2.4. Infinite Action Set. Another important as-
sumption was that there is an infinite number of
potential actions. Although business conditions call
for creative managerial solutions that usually can-
not be exhaustively listed, there are situations where
it makes more sense to think in terms of a finite
set of options. For example, production workers
often have to choose from a finite number of tools
to perform each production operation, translating
to a finite set of actions in the framework of our
model. Another important setting is when the poten-
tial actions, though infinite, can be grouped in a much
smaller (finite) number of “solution types” with all
actions of one type having similar performance. Such
a setting can be usefully approximated by a finite
action set with one action per type.
We conjectured earlier that the simplifying assump-

tion of an infinite action set may partially drive the
result that failures never get recorded, a result that is
at odds with the informal observation that firms do
sometimes document failures (to prevent them for
reoccurring). The online appendix studies this conjec-
ture more formally by looking at a numerical exam-
ple10 with a finite number of actions and derives the
following results. First, failures do get recorded. In
fact, when some players have above-average perfor-
mances and others have below-average performances,
the firm may record only the below-average payoffs.
Second, because the benefits from remembering fail-
ures are additive, there is essentially no limit on the
number of failures that get recorded (though remem-
bering failures and remembering success are mutually
exclusive in this particular model). Third, remember-
ing failures does not reduce the incentives to exper-
iment, so that the reasons for not recording failures
are less strong than for not recording mediocre suc-
cesses. Nevertheless, once a sufficiently good action is
discovered, only that best practice is recorded hence-
forth, as before.
In fact, the intuition suggests that it is true in

general—in a model with a finite number of possible
actions—that successes are more valuable to record

10 The reason for working with a numerical example is that even
a simple general model turns out to be surprisingly involved. The
reason for this complexity is that firms and employees will try
to draw inferences (and try to anticipate each others’ inferences)
about actions that were not recorded, taking into account what was
recorded and the firm’s equilibrium recording strategy. All cutoff
values then become a function of recorded values, and equilibria
typically cannot be derived in closed form. Moreover, though less
importantly, the fact that recording an action may suggest that an
employee should either avoid or undertake that particular action
raises the issue of multiple equilibria.
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than failures. To see this, consider a two-period model
with a finite set of N actions. Each action’s payoff
is still an independent draw from G. Suppose first
that the firm records a low-payoff action a−, with
payoff v− < 	G, so that employees can avoid it. Rel-
ative to the case when no information is recorded,
each employee’s expected payoff for the next period
increases by �1/N��	G − v−�. Essentially, employees
will have an equal probability of picking any action
except the one that they know gives a lower than
average payoff. Note that the value of recording a
failure is proportional to how bad the failure actu-
ally is. Suppose next that the firm remembers a high-
payoff action a+, with payoff v+ > 	G, so that employ-
ees can replicate that action. Relative to the case
when no information is recorded, each employee’s
expected payoff for the next period increases by
��N − 1�/N ��v+ − 	G�. Clearly, for the same deviation
from the mean, it is still better to record successes
than to record failures (unless the firm wants employ-
ees to experiment); and recording failures may make
sense but only temporarily until a sufficiently good
best practice is discovered. Note that our result that
successes are more valuable than failures does not
imply that organizations cannot learn from failure. On
the contrary, knowing how to avoid a misstep can
be a huge advantage. However, knowing a course of
action that results in success will also serve this pur-
pose and often more.
The online appendix discusses some other set-

tings where remembering failures may be optimal.
The most natural is when not all actions look the
same ex ante, and some of the actions that look
most promising actually lead to failures. One exam-
ple would be a setting where all players get a com-
mon public but imperfect signal about some or all
the actions’s payoffs. This is an important avenue for
future research.

4. Local vs. Global Dissemination
The previous section considered the basic setting
in which the firm can control what information is
recorded, but not who can access it. In other words,
any recorded information is automatically available
to all employees. This is the case for many formal
knowledge systems, such as those of McKinsey or
Booz Allen Hamilton (Christiansen and Baird 1998).
In other settings, however, the firm may be able to
control which employees get what information. One
such case is when the firm can decide whether cer-
tain know-how should be disseminated on a plant
level versus on a firm level. A related case is when
a firm, like Philips, sometimes has both insiders and
outsiders working independently and in parallel on
product design (where the outsiders do not have

access to the firm’s existing body of know-how but
the insiders do) or when a firm isolates a new product
design group from the rest of the firm. This section
studies this situation by assuming that the firm can
choose in each period which employees observe the
recorded knowledge.
For that case, the following proposition says that,

as long as the firm has discovered only mediocre
best practices, it is optimal to communicate informa-
tion about these practices to only a subset of employ-
ees, while forcing the other employees to continue to
experiment. To state this result formally, let vǎ1

denote
the best known payoff at the end of period 1, corre-
sponding to action ǎ1. Let v = inf�suppG� and v̄ =
sup�suppG�, with v < v̄ because G is nondegenerate.

Proposition 4. There exist cutoff values v̂1� � � � � v̂I ,
where 	G < v̂I < · · · < v̂1 < v̄, such that
• if vǎ1

≤ v̂I , then no information is communicated and
all employees experiment in period 2;
• if v̂j+1 < vǎ1

≤ v̂j , j = 1� � � � � I − 1, then vǎ1
is com-

municated to I − j employees, who then undertake action
ǎ1 in period 2 while the other j employees experiment;
• if vǎ1

> v̂1, then vǎ1
is communicated to all employees,

who undertake ǎ1 in periods 2 and 3.

To see the advantage of being able to control access,
note the following. As discussed earlier, the firm cap-
tures benefits from experimentation that employees
do not, which forces a trade-off between experimenta-
tion and exploitation. All-or-nothing access presented
the firm with an extreme choice between experimen-
tation and exploitation because the only way to force
an employee to experiment was to not record infor-
mation at all, and thus to have all employees experi-
ment. When the firm can control who can access the
know-how, however, the firm can have the best of
both worlds: while one part of the firm reaps the ben-
efit of the best known practice to date, another part of
the firm experiments to provide future performance
improvements.
This two-pronged strategy can be optimal because

the optimal number of employees who should exper-
iment is finite. The reason is that the incremental ben-
efit from an extra employee experimenting decreases
with the number of employees already experiment-
ing, whereas the incremental cost is constant because
it always equals the opportunity cost of not apply-
ing the best known practice. The optimal number
of experimenters is reached when the marginal cost
of one extra employee experimenting exceeds the
marginal benefit.
This ability to control who can access information

in the knowledge system actually enables the firm to
induce the first-best level of experimentation among
its employees without the use of incentives. An infor-
mal personal account suggests that it is exactly such
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experimentation motives that drove a firm such as
Philips to rely on outside development teams either
exclusively or in parallel to inside teams.

5. Effect of Change
In the basic setting, we also assumed a static environ-
ment where the actions’ performance do not change
over time. In many cases, however, market condi-
tions and technological capabilities change over time,
and a successful action at one point in time may not
give the same result some time later. An interesting
example of this is the design of high performance
racing yachts for the America’s Cup sailing regatta.
In 1995, Team New Zealand won the America’s cup
with a boat design that was a generation ahead of its
competitors. The lead designer then defected to the
Italian team in 2000, bringing with him the winning
design from 1995. However, sailing conditions at a
different venue in 2000 were very different from 1995,
and the Italian team lost to a newly designed Team
New Zealand boat that accounted for the change in
environment (MacCormack 1997). Another important
setting is when changes in competitors’ actions affect
the payoffs of the focal firm’s actions. In this section,
we explore how introducing such change affects the
optimal strategy for managing know-how. A marked
result of §3 was that the firm will record at most one
best practice. We now show how this may be different
when the actions’ performance may change over time,
e.g., when changes in the environment or in competi-
tors’ actions can make formerly successful methods
less effective or even obsolete.
To capture in a straightforward manner the idea

that performance may change over time, we will
assume that at the beginning of each period, each
action’s performance is redrawn with independent
probability q. That is, with probability q, vaj

is
redrawn from distribution G at the beginning of
period t, whereas with complementary probability
1− q, it remains the same as in period t − 1. The firm

Figure 2 Time Line of Model with Changing Environment
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and employees do not directly observe whether a pay-
off has been redrawn (although they will learn this
fact when the action is tried again). The timing of the
modified game is shown in Figure 2.
To keep the analysis tractable, we add the para-

metric assumption that G is a Bernoulli distribution
with parameter p and support �0�1�. This corresponds
to a situation in which each potential solution either
solves the problem, resulting in a success with payoff
1, or does not solve the problem, resulting in a fail-
ure with payoff 0. Ex ante, however, it is not known
which are the successful solutions. All employees
share a common prior that each potential solution
has an independent probability p of being successful.
We can think of �1− p� as the difficulty of the prob-
lem, i.e., high p is an easy problem whereas low p is
a difficult problem. We will also assume that � = 1.
This is exactly the model of §2 but with more specific
assumptions on G and �.
We find that if an action’s performance may change

over time, the firm may want to record more than the
best-performing action, i.e., the optimal size n∗ > 1,
because the additional information serves as backup
for when the best practice becomes obsolete. In our
yacht design example, elements of the keel design
of the winning Team New Zealand boat in the 2000
America’s Cup were previously investigated in 1995,
but deemed suboptimal at that time. Whereas the Ital-
ian team did not revisit these design options in their
2000 design, Team New Zealand did and found that
they were more suitable to the sailing conditions in
2000. We find that such backup information will be
most useful when the rate of change is intermediate:
When change is fast (q is large), yesterday’s know-
how is less valuable today, limiting the benefit of such
extra information; when change is slow (q is small),
there is no need to remember more than only the
best practice, because the probability that this practice
becomes obsolete is small.
Second, we also find that a formal knowledge sys-

tem is most likely for low rates of change (low q) and
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moderately difficult problems (medium p). As the rate
of change increases, the information becomes more
quickly obsolete, and the value of storing information
thus decreases. For very easy problems (high p), the
solution becomes so obvious that a knowledge system
is unnecessary; for very difficult problems (low p), the
probability of discovering a solution becomes so small
that there is typically not much to record.
Finally, the value of backup solutions also increases

in firm size because there are again scale effects in
both experimentation and exploitation. Larger organi-
zations thus record more backup information.
The following proposition formalizes these results.

It determines the marginal benefit from an extra unit
of capacity and derives the comparative statics for the
optimal size n∗ of the knowledge system. Let ��n� be
the expected payoff per employee when information
on n payoffs can be recorded and transferred from
period t −1 to period t. The marginal benefit of a unit
of capacity is then ���n� = ��n� − ��n − 1�.

Proposition 5. The benefit from adding an additional
unit of capacity equals

���1� = �1− �1− p�I 
�1− q��1− p�

· �2− �1− p�q + �1− p�I 
� and

���n� =
I∑

j=n

I !
�I − j�!j!p

j�1− p�I−j �1− �1− p�q�

· �1− p�nqn−1�1− q� for n ≥ 2�

The marginal benefit ���n� increases in firm size I and
decreases in capacity n for all n. For n ≥ 2, ���n�
is single-peaked (“quasi-concave”) in the probability of
change q. For n = 1, ���n� strictly decreases in q and is
strictly single-peaked (“strictly quasi-concave”) in problem
difficulty p.
The optimal capacity of the knowledge system n∗

is single-peaked (“quasi-concave”) in the probability of
change q, and increases in firm size I . Moreover, there
exists 0 < p ≤ p̄ < 1 such that a knowledge system will be
implemented if and only if p ∈ �p� p̄�.

The online appendix illustrates the quasi-concavity
results of Proposition 5 with a numerical example.
These results also have interesting implications for

the effect of competition.11 In particular, the perfor-
mance of an action may depend on what competi-
tors are doing. As a consequence, the payoffs to the
focal firm’s actions will change when competitors’
actions change. If we take these competitive changes
as exogenous, then this model of change can give us
some insights on how competition can affect optimal

11 We thank the associate editor for suggesting this interpretation.

knowledge management. In particular, the aforemen-
tioned results have two implications. First, and prob-
ably most important, knowledge systems are more
likely in settings with low q, i.e., in settings where
such competitive changes are limited in impact or
even absent. This may be one reason why a lot of
knowledge systems focus on internal operations and
on the cost side of operations, where the confound-
ing effect of competition is minimal or nonexistent.
Second, in a setting where such competitive changes
are prevalent but not too prevalent (i.e., intermedi-
ate q), firms would record more than one successful
solution to a problem as a backup for when com-
petitors’ actions change. An important qualification
is obviously the assumption that competitive changes
are exogenously given. More research is needed to
study the effect of this assumption on these results
and on, e.g., the link between the competency trap
and incumbent inertia.
Empirically, this section adds two predictions. First,

a firm is most likely to store multiple solutions for
a problem when the environment in which the firm
operates changes at an intermediate rate. Second, the
theory also predicts that a firm is more likely to have
a formal knowledge system when the rate of envi-
ronmental change is low and its knowledge work-
ers face problems of medium difficulty. A slightly
stronger but empirically more convenient version of
this last hypothesis is that the likelihood of having
a formal knowledge system has an inverted-U rela-
tionship with the rate of success in solving the firm’s
typical problems without the help of a knowledge
system. For example, a hospital should be less likely
to implement a knowledge system for procedures that
nearly always succeed, such as measuring blood pres-
sure, or that nearly never succeed, such as a full arm
transplant. A hospital is more likely to implement
knowledge systems for tough but feasible procedures
such as heart surgery. This prediction, however, raises
some challenges as an empirical test of the theory for
three reasons. First, the measure of difficulty is often
counterfactual. Second, there is an important trunca-
tion issue. Organizations will try to avoid (or, alterna-
tively, may not survive) settings where the base rate
of success is very low. Hospitals will simply not do
any full arm transplants. This leads to a truncated dis-
tribution which would probably result in a positive
relationship between the problem difficulty and the
likelihood of having a knowledge system, although
that conjecture requires further research.12 The third
issue is that it seems quite difficult to find a use-
ful setting with identifying variation. In particular,

12 A similar truncation issue may affect the results in function of
the rate of change. Extremely rapidly changing environments are
very tough for organizations to survive.
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most settings with differing base rates of success are
difficult to compare and therefore difficult to mean-
ingfully include in one sample for an empirical test.
Despite that, the result is still useful for a more infor-
mal evaluation of the theory and as a prescriptive
result.

6. Limitations and Extensions
The analysis in this paper has concentrated on one
particular setting and on a limited set of core issues
to keep the analysis transparent and the discussion
focused. This section considers some limitations and
potential extensions of the model. It summarizes more
extensive analysis presented in the online appendix.
The model assumed that employees try to max-

imize the payoff from their action, which captures
the fact that many employees’ compensation depends
essentially on their on-the-job performance. But this
does raise the question of how introducing explicit
incentives to experiment would affect the results.
We conjecture that there are three complementary
reasons why the effects that we derive, in partic-
ular the competency trap, would probably persist
even when explicit incentives are introduced. (1) The
current solution without incentives is close to, or
even equals, the first best solution (because there
are no gains from recording mediocre practices that
employees are not supposed to choose) so that the
gains from introducing explicit incentives is limited.
(2) Because incentives for experimentation often con-
flict with incentives for other purposes, strategically
using the knowledge system to take care of experi-
mentation gives the firm more degrees of freedom to
get incentives right from these other perspectives.13

(3) Experimentation incentives require an ability to
commit to policies that are often ex post suboptimal,
such as rewarding failure, and are thus difficult or
costly to implement (Manso 2007). Overall, we believe
that even when such experimentation incentives are
feasible, the effects identified in this paper would
still play a role. However, a more formal approach is
needed, not only to confirm this intuition but also to
obtain comparative statics on the interaction between
the incentive system and the knowledge system.
The model also focused on an isolated firm. Such

a model is appropriate when competitive interac-
tions have no impact on the knowledge system, for
example, as an approximation for the internal oper-
ations of a firm. In other settings, however, compe-
tition may play an important role. The following are

13 This second point applies more broadly to the interaction
between a knowledge system and other systems and processes of
the firm. The online appendix discusses informally complementari-
ties between a knowledge system and a firm’s hiring and retention
policies, job rotation, and how a knowledge system may affect the
market strategy of a knowledge-intensive professional firm.

some further implications of competition (beyond the
ones discussed earlier). First, the competency trap
may explain incumbent inertia: Because an incumbent
typically has better current know-how than a poten-
tial entrant, its cost of experimentation (i.e., forgo-
ing its current know-how) is higher than that of the
entrant so that the incumbent will experiment and
innovate relatively less. Moreover, competition also
affects the trade-off between exploration and exploita-
tion because it may exacerbate the cost of the com-
petency trap. Finally, spillovers between competitors
may decrease the benefits of exploration and thus the
cost of the competency trap. One implication would
be that firms in industries with lots of spillovers will
still invest in knowledge systems but will have less
restrictions on what information to record.
Finally, our paper has explored a particular set-

ting where the nature of the know-how is codifiable,
thereby allowing the transfer of knowledge through
some sort of media. Clearly, there are many busi-
ness settings where these characteristics do not apply.
For example, negotiating a business deal requires tacit
knowledge and “soft skills” that are probably best
learned through personal experience and coaching.
However, even if the nature of the know-how dictates
that the firm relies on personal transfer of know-how,
the firm needs a system to identify “experts” on recur-
ring problems, and many of the issues identified in
this paper would apply.

7. Conclusion
Lew Platt, a former chief executive officer of Hewlett-
Packard (HP), famously said, “If HP knew what HP
knows, we would be three times as profitable.” For
many firms, the ability to create, organize, and dis-
seminate know-how is a key factor in how well they
succeed. In this paper, we used an analytical model
to study some basic strategic questions on the man-
agement of know-how. We identified factors—such as
size, limited general knowledge, and high rates of
turnover—that make it more attractive for a firm to
invest in a formal knowledge system. We also iden-
tified some principles for the management of such a
system, such as the relative informativeness of suc-
cesses over failures, the importance of being selective
to find the right balance between exploitation and
experimentation, and the factors that should increase
such selectivity.
Our focus on the transfer of know-how exclusively

via a formal knowledge system makes the paper most
relevant to settings such as global consulting firms
or firms with multiplant operations. Settings where
other means of transferring know-how are available
may require more research to see whether or how
our results apply. Analogously, the competitive inter-
actions with other firms and the interactions between
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the knowledge system and other systems in the firm
also require more formal attention. We see these limi-
tations as opportunities, and hope that our paper can
contribute to a growing literature on the practical and
strategic issues that firms increasingly face in manag-
ing know-how.

8. Electronic Companion
An electronic companion to this paper is available as
part of the online version that can be found at http://
mansci.journal.informs.org/.

Acknowledgments
The authors thank Amy Edmondson, Pankaj Ghemawat
(the department editor), Francesca Gino, Kathleen McGinn,
Gary Pisano, Scott Stern, Tunay Tunca, Dennis Yao, an
anonymous associate editor, two anonymous reviewers, and
seminar participants at the 2006 Annual Conference of
the Production and Operations Management Society and
Harvard Business School for very helpful comments and
suggestions.

References
Adam, K. 2001. Learning while searching for the best alternative.

J. Econom. Theory 101(1) 252–280.
Adler, P., K. Clark. 1991. Behind the learning curve: A sketch of the

learning process. Management Sci. 37(3) 267–281.
Aghion, P., P. Bolton, C. Harris. 1991. Optimal learning by experi-

mentation. Rev. Econom. Stud. 58(4) 621–654.
Alchian, A. 1963. Reliability of progress curves in air-frame pro-

duction. Econometrica 31(4) 679–693.
Alonso, R., W. Dessein, N. Matouschek. 2008. When does coordina-

tion require centralization? Amer. Econom. Rev. 98(1) 145–179.
Argote, L. 1999. Organizational Learning: Creating, Retaining and

Transferring Knowledge. Kluwer Academic, Norwell, MA.
Argote, L., B. McEvily, R. Reagans. 2003. Managing knowledge in

organizations: An integrative framework and review of emerg-
ing themes. Management Sci. 49(4) 571–582.

Athey, S., J. Levin. 2001. The value of information in monotone deci-
sion problems. Working paper, Stanford University, Stanford,
CA.

Bartlett, C. A. 1996. McKinsey & Company: Managing knowledge
and learning. HBS Case 9-396-357, Harvard Business School,
Boston.

Bartlett, C. A., R. M. Kanter, R. S. Kaplan, M. C. Jensen. 2003. Best
Practice: Ideas and Insights from the World’s Foremost Business
Thinkers. Perseus Publishing, Cambridge, MA.

Berry, D. E., B. Fristedt. 1985. Bandit Problems: Sequential Allocation
of Experiments. Chapman and Hall, New York.

Blackwell, D. 1951. Comparisons of experiments. Proc. Second Berke-
ley Sympos. Math. Statist., University of California Press, Berke-
ley, 93–102.

Bolton, P., M. Dewatripont. 1994. The firm as a communication net-
work. Quart. J. Econom. 109(4) 809–839.

Brockman, B. K., R. M. Morgan. 2003. The role of existing knowl-
edge in new product innovativeness and performance. Admin.
Sci. Quart. 34(2) 385–419.

Canon, M. D., A. C. Edmondson. 2001. Confronting failure:
Antecedents and consequences of shared beliefs about failure
in organizational work groups. J. Organ. Behav. 22(2) 161–177.

Carroll, D. T. 1983. A disappointing search for excellence. Harvard
Bus. Rev. 61(6) 78–88.

Christiansen, C. M., B. Baird. 1998. Cultivating capabilities to inno-
vate: Booz-Allen & Hamilton. HBS Case 9-698-027, Harvard
Business School, Boston.

Chua, A. Y. 2007. The curse of success: Knowledge-management
projects often look good in the beginning; but then problems
arise. Wall Street Journal (April 28) R8.

Cohen, W. M., D. A. Levinthal. 1990. Absorptive capacity—A new
perspective on learning and innovation. Admin. Sci. Quart.
35(1) 128–152.

Conner, K. R. 1991. A historical comparison of resource-based the-
ory and five schools of thought within industrial organization
economics: Do we have a new theory of the firm? J. Manage-
ment 17 121–154.

DeGroot, M. H. 1968. Some problems of optimal stopping. J. Roy.
Statist. Soc. Ser. B 30(1) 108–122.

Denrell, J. 2005. Selection bias and the perils of benchmarking.
Harvard Bus. Rev. 83(4) 114–119.

Foss, N. 1996. Knowledge-based approaches to the theory of the
firm: Some critical comments. Organ. Sci. 7(5) 470–476.

Garicano, L. 2000. Hierarchies and the organization of knowledge
in production. J. Political Econom. 108(5) 874–904.

Ghemawat, P. 1985. Building strategy on the experience curve.
Harvard Bus. Rev. 63(March) 143–149.

Gittins, J. C. 1989. Multi-Armed Bandit Allocation Indices. John
Wiley & Sons, New York.

Hilton, R. W. 1981. The determinants of information value: Synthe-
sizing some general results. Management Sci. 27(1) 57–64.

Holsapple, C. W., ed. 2003. Handbook on Knowledge Management.
Springer-Verlag, Berlin.

Jovanovic, B. 1979. Job matching and the theory of turnover. J. Polit-
ical Econom. 87(5) 972–990.

Jovanovic, B., Y. Nyarko. 1996. Learning by doing and the choice
of technology. Econometrica 64(6) 1299–1310.

Kauffman, S. A. 1993. The Origins of Order: Self-Organization and
Selection in Evolution. Oxford University Press, New York.

Kauffman, S., S. Levin. 1987. Towards a general theory of adaptive
walks on rugged landscapes. J. Theoret. Biol. 128(1) 11–45.

Kauffman, S., J. Lobo, W. G. Macready. 2000. Optimal search on a
technology landscape. J. Econom. Behav. Organ. 43(2) 141–166.

Kogut, B., U. Zander. 1992. Knowledge of the firm, combinative
capabilities, and the replication of technology. Organ. Sci. 3(3)
383–397.

Leonard-Barton, D. 1995. Wellsprings of Knowledge: Building and Sus-
taining the Sources of Innovation. Harvard Business School Press,
Boston.

Levinthal, D. A. 1997. Adaptation on rugged landscapes. Manage-
ment Sci. 43(7) 934–950.

Levitt, B., J. G. March. 1988. Organizational learning. Annual Rev.
Sociol. 14 319–340.

MacCormack, A. 1997. Team New Zealand (a), (b), (c). HBS Case
9-697-040, Harvard Business School, Boston.

MacCormack, A. 2002. Siemens sharenet: Building a knowl-
edge network. HBS Case 9-603-036, Harvard Business School,
Boston.

Manso, G. 2007. Motivating innovation. AFA 2007 Chicago Meet-
ings Paper, Hudson Institute Research Paper 08-01, http://ssrn.
com/abstract=891514.

March, J. G. 1991. Exploration and exploitation in organizational
learning. Organ. Sci. 2(1) 71–87.

Marschak, J., R. Radner. 1972. Economic Theory of Teams. Yale Uni-
versity Press, New Haven, CT.

Milgrom, P., J. Roberts. 1990. The economics of modern manufac-
turing: Technology, strategy, and organization. Amer. Econom.
Rev. 80(3) 511–528.

Miner, A. S., J. Y. Kim, I. W. Holzinger, P. Haunschild. 1999. Fruits
of failure: Organizational failure and population-level learning.
Adv. Strategic Management 16 187–220.



Lee and Van den Steen: Managing Know-How
Management Science 56(2), pp. 270–285, © 2010 INFORMS 285

O’Dell, C., C. J. Grayson. 1998. If only we knew what we know:
Identification and transfer of internal best practices. Calif. Man-
agement Rev. 40(3) 154–170.

Rivkin, J. W., N. Siggelkow. 2003. Balancing search and stability:
Interdependencies among elements of organizational design.
Management Sci. 49(3) 290–311.

Rothschild, M. 1974. A two-armed bandit theory of market pricing.
J. Econom. Theory 9 185–202.

Senge, P. M. 1990. The Fifth Discipline: The Art and Practice of the
Learning Organization. Currency Doubleday, New York.

Siggelkow, N., D. A. Levinthal. 2003. Temporarily divide and con-
quer: Centralized, decentralized, and reintegrated organiza-
tional approaches to exploration and adaptation. Organ. Sci.
14(6) 650–669.

Siggelkow, N., J. Rivkin. 2005. Speed and search: Designing organi-
zations for turbulence and complexity.Organ. Sci. 16(2) 101–122.

Sitkin, S. B. 1992. Learning through failure: The strategy of small
loses. Res. Organ. Behav. 14 231–266.

Sorenson, O. 2003. Interdependence and adaptability: Organiza-
tional learning and the long-term effect of integration. Manage-
ment Sci. 49(4) 446–463.

Stern, S. 2004. Biological Resource Centers: Knowledge Hubs for the Life
Sciences. Brookings Institution Press, Washington, DC.

Stewart, T. A. 2000. Knowledge worth $1.25 billion. Fortune 142(13)
302–303.

Thompson, W. R. 1933. On the likelihood that one unknown proba-
bility exceeds another in view of the evidence of two samples.
Biometrika 25 275–294.

Van den Steen, E. 2005. Organizational beliefs and managerial
vision. J. Law, Econom., Organ. 21(1) 256–283.

Van Zandt, T. 1999. Real-time decentralized information processing
as a model of organizations with boundedly rational agents.
Rev. Econom. Stud. 66(3) 633–658.

Weitzman, M. L. 1979. Optimal search for the best alternative.
Econometrica 47(3) 641–654.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


