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ABSTRACT

As our world becomes more complex and information-rich, the effort needed to
share and create knowledge is increasing greatly. Transformation from Industrial Age to
Information Age organizations is not simple. But there are strategies managers can use
and emulate, to make their organizations more successful in sharing and creating new
knowledge, to achieve better performance.

Knowledge loss is a significant issue. Demographics may cause the “first-of-
type” implementation pioneers to retire, or events such as those of Fall 2001 may cause
people to be no longer available — or no longer able to reach their knowledge support
systems, as seen when anthrax attacks closed Congressional offices for weeks.

Strategies can be implemented for the different kinds of knowledge — explicit
knowledge, metaknowledge, and tacit knowledge. Processes can be used to enhance
knowledge sharing, extending the number of people who know and reducing the risk of
loss. The US Army is a learning organization which has spent the past decade becoming
“knowledge centric and network centric.” Techniques, processes and knowledge
lessons learned are presented, including a case study of the Project Management Office
for Bradley Fighting Vehicle Systems, as it transformed its people, organization, and
vehicles being developed from Industrial Age to intenetworked Information Age systems.

Rather than focusing on knowledge management, which has become
synonymous with archiving what is already known into digital databases, | am focused
on the strategies real-world managers can use for knowledge. The goal is to help the
organization achieve better performance by sharing knowledge. Technology can help,
when supporting instead of driving the goals. Networking, both in person and virtually,
can overcome the isolation of knowledge. Many of my examples tap into the experiences
| had or observed in the US Army product development community -- but | believe they
are valuable and generalizable to other high- performance organizations. "Hope is not a
method" -- knowledge sharing is a better technique.
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level to see the overall pattern -- auguries of change and complexity out of simple seeds.
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Introduction:
Impetus for Knowledge Sharing

Listening to a public radio show on the superstring theory of physics reinforced
for me the difficulty of sharing knowledge which affects many people. As our knowledge
of science increases in complexity, understanding the fundamental nature of the world in
which we live is no longer within the realm of most people’s daily lives.

In the leading-edge product development community where | spent the better part
of the past decade, I've seen the transformation from stand-alone vehicles which are
mostly analog systems to digitally internetworked "Systems of Systems." This
transformation from Industrial Age to Information Age was fascinating to participate in —
a snapshot in time of a radical change. But there are fundamentally different ways of
understanding such radical transformation when it is GIVEN to a new user, instead of
EARNED or LEARNED through invention. “First-of-type” implementations teach lessons
which cannot be acquired any way except by being there. Doing early implementations
of supply chain Management Information Systems (MISs) which we linked together by
modems taught me the “nuts and bolts” of how to make software and communications
connect. These experiences indelibly teach the meta-knowledge -- the how and why.

Understanding how to improvise and extend these implementations is much
easier, if the improviser knows how the systems were first put together. However, the
early implementers of a system or capability move up and on to other endeavors. The
successor generation assumes the technology in place as a baseline, and builds on top
of it. Events such as the Year 2000 computer date transition (when the year changed
from ending with a ‘9’ to ending with a ‘0’ causing software errors and data overflows)
taught many organizations how the knowledge gained during the first-of-type
implementations can be lost, requiring significant work to overcome. As our information

environment becomes richer, and knowledge boundaries such as bioinformatics are



more widely explored, the number of people who have the knowledge to understand both
sides of a given boundary -- here, the region where life sciences meshes with information
technology -- shrinks exponentially, exacerbating the lack of knowledge among
followers.

As the pioneers of this first transition of high technology (such as Intel co-founder
Andy Grove, the senior scientists and systems engineers at the Program Management
Offices for Bradley Fighting Vehicle Systems and the National Aeronautics and Space
Administration (NASA)) near retirement age, there is an increased risk of lost knowledge.
Will that loss of knowledge be merely a hiccup? An experience of "don't know what
you've lost, since it doesn’t affect current operations?" Or will it bring suboptimized
solutions, situations which demonstrate the costs of "but for the lack of that key
understanding...."? This is the domain of my exploration.

| am not focusing on knowledge MANAGEMENT, which has become synonymous
with archiving what is already known into digital databases. For me, the center is the
strategies that real-world managers can use to manage their knowledge. The focus is on
managers in organizations, who are seeking better performance. Technology can help,
when it supports rather than drives the goals. And networking, both in person and
virtually, can overcome the isolation of knowledge. Many of my examples tap into the
experiences | had or observed in the US Army product development community -- but |
believe they are valuable and generalizable to other high-performance organizations.

"Hope is not a method" -- knowledge sharing is a better technique.

IEHERE Provide managers with strategies for knowledge, understanding and using

internetworking technology as appropriate, to develop, share, and leverage knowledge to

improve the organization’s performance.



OQEUENIEEY Focus on strategies to dynamically create and leverage genuine knowledge.
Expand beyond mere knowledge management which focuses on the past, in order to
take actions and innovate for the future. Avoid the fundamental errors identified by

Fahey and Prusak (1998, 265-76):

1. Not developing a working definition of knowledge

2. Emphasizing knowledge stock to the detriment of knowledge flow

3. Viewing knowledge as existing predominantly outside the heads of
individuals (people focus)

4. Not understanding that a fundamental intermediate purpose of

managing knowledge is to create a shared context

Paying little heed to the role and importance of tacit knowledge

Disentangling knowledge from its uses

Downplaying thinking and reasoning

Focusing on the past and the present and not the future

© ©®© N o O

Failing to recognize the importance of experimentation

10. Substituting technological contact for human interface

11. Seeking to develop direct measures of knowledge

Chapter 1 will lay out my own impetus for this exploration. The
demographic realities of the aging technology pioneers was amplified for me by the
attacks on the United States in September 2001. Chapter 2 will identify and develop
working definitions of the types of knowledge which will be addressed, in order to
explore aspects of knowledge as a stock or persistent state, and the dynamics of
knowledge as a transformative experience. After the theory of chapter 2, chapters 3, 4,
and 5 explore practical issues and lessons learned about strategies for three types of
knowledge: explicit knowledge, metaknowledge, and tacit knowledge. Chapter 6

features the case study of the Project Management Office for Bradley Fighting Vehicle



Systems (PM Bradley). It demonstrates how one US Army product development activity
used knowledge strategies to transform from an Industrial Age organization to an
Information Age one, while simultaneously changing its vehicle systems to create an
internetworked knowledge-sharing capability for soldiers. Chapter 7 will conclude with a
series of strategies that managers can use for the knowledge within their own

organizations.

IS JIEH IR IEOEUETPINPMESEH Since | believe that knowledge is innately personal, it
can be challenging to analyze. | have been fortunate to know and work with some great
leaders, both practical and visionary, from the US Army. In this endeavor, the words of

some of my mentors shall guide us:

) — Major General Joe
“Do the best you can with what you have.”
Yakovac

— Mike Shaler, US Army

“Enthusiasm gets you halfway there.” )
Colonel (retired)

“Create a path to the future that’s brightly lit ¢ 1d -- Mike Bracket, US Army

broad enough to give you options....” Lieutenant Colonel (rel red)

“Use the fat magic markers and the big pad o
paper to explain —and if you get technical wit — Colonel Scott G. West

me, I'll throw you out of my office.”

— Brigadier General Jame 3

“Yes, we can! Now tell me how....” )
M. Wright
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Figure 1: Roadmap of Knowledge Strategies for Managers
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Chapter 1.
Impetus for Knowledge Strategies
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Chapter 1:
Knowledge Strategies for Managers in a Networked World

Knowledge transfer and knowledge loss are significant issues. Organizations can
face the loss of their talented people — through expected personnel actions, such as
promotion, retirement, or departure, or from unexpected losses. Organizations and
communities may lose knowledge in the heads of their most talented people — both
explicit, factual knowledge, and the tacit knowledge of processes, practices, patterns,
and networks. Physical archives, in file cabinets, computers and networks, can also be
lost — either actively destroyed or through non-use. Obsolescence of digital file formats
continues to challenge us, and requires continual rehosting to accommodate new digital
file formats or operating system changes. Managers need strategies for recovering
knowledge, and insights into future directions to preclude loss and share the knowledge
so the organization can achieve new levels of performance.

Traditional Knowledge Management (KM) has focused on archiving in static

databases the highlights of past knowledge: the “best practices” of a consulting firm,

for example. However, often the most innovative thinking in an organization is not
captured in a traditional KM database. Organizations may not reward time spent thinking
about and documenting the last endeavor. As seen by many organizations challenged
with rewriting software to address the Year 2000 date problem, software is likely to be
less fully documented than may be later desired. Software developers can feel that they
are working too hard solving “real” problems to take the time to do extensive, mundane
documentation. Innovative thinkers may not take the time, or be willing to commit
evolving thoughts to a widely available repository. Individuals or organizations may
focus on competitive advantage over openness. Leading-edge thinking may need to be

treated as proprietary, requiring protection as context-sensitive, valuable intellectual

property.
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Knowledge which relies on “best practices” of historical operations can and
should be archived in databases which are accessible to train novices to become more
knowledgeable. Shared best practices and benchmarking of existing knowledge and
processes can increase the capabilities of a group or community. My interest, however,
is in the far reaches of knowledge, beyond the comfortable frontier. The “learning how to
learn” functions of innovation and invention are more intriguing to me than enhancing
the efficiency of currently well-understood domains. Those discontinuous innovations
which disrupt the current generation of products come from human insights which
emerge from knowledge and experience. How are these insights generated and shared?
Are there means to accelerate the ability of groups and communities to develop these
insights which can make a difference? What tools are needed? Are there opportunities
for technology to make a difference in building the knowledge generation capabilities of
individuals or groups? And, importantly, how can managers and teams apply lessons
learned and best practices from others to make better decisions and prevent mistakes?

In particular, | plan to explore areas where technology may make a difference in
the area of human insights. The following describes my key questions:

. Routine, past

knowledge could be amenable to traditional KM archiving in a searchable

database, but non-routine, innovative new knowledge may require other
technological approaches. “Bleeding edge” knowledge such as nanotechnology,
which changes rapidly, requires different approaches than well-defined,
codifiable bodies of knowledge such as bridge building. Nanotechnology is an
example of a body of knowledge which is in a state of ferment, rapidly evolving
and at the very beginning of its codification, with discoveries changing the “state
of the art” on a daily basis. Bridge building is at the other end of a continuum of

well-defined, well-understood, well-codified knowledge, which changes slowly
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and incrementally. Innovative learning may not be the domain of the lonely
genius — can an Einstein have friends and followers who learn what he knows?

How can affiliated groups share and build understanding?

(MICan organizations build structures to enhance knowledge retention and
Communities of practice, internetworked sharing, and collaboration
offer useful methods to extend and expand knowledge sharing, but meet
resistance due to cultural concerns or issues about sharing power.
Organizations should consider new ways to foster knowledge sharing among
individuals and groups. Lotus Notes software tools have been implemented in
many organizations, to enhance collaboration — but training to change the culture
often lags the technical software implementation. More recent software, such as
Microsoft Netmeeting, allows Internet-savvy users to see the same information
on separated computer screens. Other organizations have implemented desktop
video-teleconferencing systems such as PictureTel. But implementing
technology is the lesser task, compared to changing power sharing and cultural
and organizational incentives to encourage knowledge sharing. The substantial
decrease on business travel which resulted from the terrorist attacks did create
new motivation for grounded, geographically split teams to share information
over the Internet, using these enabling technologies. However, only time will tell
whether the changed behavior is permanent. The crux of the issue is that
innovative individuals who are busy developing knowledge which increases their
value in the community may not want to invest time and effort to capture and

archive it via a computer.
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(M\\Vhat helping functions can reduce the burden and increase the benefit of
Several technologies seem to offer promise in this domain,
including those gathered under the research umbrella of the Intelligent Room,
part of MIT's Artificial Intelligence Laboratory’s Project Oxygen, which will be
discussed at greater length in chapter 3. Project Oxygen seeks to make
computing power and communications as prevalent in the environment as
oxygen — unobtrusive and essential for life. The Intelligent Room embeds
sensors, microphones, cameras, automated data transcription and intelligent
data storage and recall software into a meeting room. Meeting participants can
have their activities documented and captured, and able to be recalled with ease.
This approach certainly seems to offer much benefit in formal meeting settings —
but can it be helpful to sharing knowledge through collaboration? What benefits
and detriments to innovation might result from use of this system? One issue
which continues to emerge among researchers in this domain are the ontologies
and taxonomies which would be most useful in retrieving the volumes of
information which these environmental systems could generate. However, the
higher-level issue is that, instead of reducing confusion, the exponential growth
in the volume of information captured by these systems seems likely to increase
the “data smog” Heylighten describes as “Complexity and Information Overload
in Society” (2002). The ability to generate and capture ever larger amounts of
information reduces the ability of users to understand and control it adequately.
As systems dynamics illustrates, humans have a difficult time understanding
complex non-linear systems — and these technologies promise exponential
growth in information. Will the “average user” be able to understand and make

good decisions?
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hat happens with abrupt loss of thought leaders? RNl (gYeNV=Te [s[SM 1 F:\Y
result, which could lead to loss of voice of that community in policy or
discussions. A classic example of this conundrum affected the US Navy during
World War 1, as my classmate US Navy Lieutenant Commander Damian Blossey
explained he was taught at the US Naval Academy. The loss of the American
battleships in the attack on Pearl Harbor discredited the battleship proponent
admirals. Senior and rising leaders who were skilled at battleship warfare were
killed, injured, or sidelined. The aircraft carrier proponent admirals became much
more pivotal to the successful conduct of the Pacific campaign. Admiral John
McCain, Senator John McCain’'s grandfather, was one of the newly prominent
admirals, who crafted innovative and effective new Naval tactics based on air
warfare, adding new dimensions to the surface warfare tactics that had been
honed by generations of sailors. Synchronizing the air campaigns with surface
and underwater submarine operations required the admirals to think in three-
dimensional (3-D) spatial geometry, taking strategy past the level of chess and
into a much more complex world. These tactics and strategies shaped the US
and other armed forces for the subsequent half-century. They catalyzed the
evolution of the US Army’s “AirLand Battle” doctrine (described in Wass de
Czege and Sinnreich, 2002), which synergizes forces to fight in the 3-D AirLand
battlespace, instead of the old flat ground-focused warfare. Even today, sixty
years later, the 3-D tactics and strategies developed by the aircraft carrier
admirals shape the strategic thinking of battle planners. The battleship carriers
are relegated to the support and supply functions, protecting the “crown jewels”

of the battle groups.
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MllIf this trade in positional importance was so critical and long-lasting in its

impact among the Navy population, are other domains as susceptible?siiglls]
the tragic attacks on the World Trade Center towers on 9/11/2001, the e-Business
meeting on the 106" floor included innovative thinkers who shaped and
understood the forces of the “New Economy.” Some of these thought leaders
did not survive the attack, while the “Old Economy” economists who were
meeting on the 1° floor of the World Trade Center all survived. Should policy
issues about the forces which drive the US economy be discussed, Old Economy
economists are present and available to provide opinions on what dynamics
drive the market — while some of the influential of the New Economy business
creators are no longer able to contribute to the dialog again. We may never know
what knowledge was lost because some key people were lost. It seems
worthwhile to explore ways to expand and reconstitute this community, to
recapture some of the New Economy dynamism. How can the knowledge that
they were sharing and beginning to understand expand past that core group, so
that it is not lost?

After the Vietnam War, the US military faced a similar challenge as it
extensively drew down the number of people on active duty, losing much
institutional knowledge. Since then, both the Army and Navy have had to develop
effective techniques for transmitting emerging knowledge to large cohorts rapidly.
The Army’s renowned National Training Center (NTC) in the Mojave Desert of
California allows people and units to create knowledge on the ground and practice
it together. As I'll describe later, the After Action Report (AAR) techniques can be
used effectively, both by Army units undergoing training and by executives in
management, to build a deeper understanding of events, teaching people to

analyze what, how and why events happened, and build strategic awareness.
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Impetus for Knowledge Strategies: Why Worry about Knowledge?

As shown in the graphic below, Congressional offices were closed for more than 7
weeks as a result of the anthrax attack on the offices of the Senate Majority Leader. The
initial response was light-hearted, as aides set up a folding table with a jar of pencils, and
the Congressional representatives used their cell phones to make calls out in the
sunshine. As the crisis dragged on and the buildings were purged and cleansed with

toxic gases, people faced the seriousness and potential recurrences of the situation:

Real-World Knowledge Crises: 2001

+ Offices are unavailable: “COME AS YOU ARE" Ittt
« Consider lack of knowledge organization ; .

tools: Py
— Ho Rolodex

iy :
" October 2001:

- No phone book |

— Mo organization charts . :'_q'"ﬂ’m"-' fmpﬂﬂa

— _—

= No customer files —_— ]
= No action summary files
= Mo strateqy or planning guides

— Mo history files [for those once-in-a-while
actions, like the annual budget)

« Alternatives to get back to work:
— What can you reconstitute?
— What can you do without?

I PLORTSR 1 DN Rigrs e L aei  Sasdmp L H) Rild Lamap [

= What can you substitute?
N1, Gary Adcamean D A and Caraiy MeSyrisp 0 NY) s
b (el el L F) AE Lo ared Ha mard Diarmond work ol of s

= Who has knowledge you can borrow? L aiare
Must change incentive systems: [l it S

l:l:l”.‘:]'b IDJ'EIH-IDH' o Eﬂmpe.ﬁ“ﬂﬂ ::"Ili-r!:;\'l kirced te mook; whereaer parohledo kesp Comgresrin

Credt Beesca Modemel BedtmaTeeepic Lpsd wis Fammaaen)
Figure 2: Real World Knowledge Crises 2001: Anthrax Closes Congressional Offices

For the residents of the United States of America, Fall 2001 will be remembered as
the time terrorism came to the US. The tragic attacks on the World Trade Center, the

Pentagon, and airplanes, along with the anthrax scares, have changed normal patterns of
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life and work. The class of “road warriors” could not travel, since all planes in the US
were grounded. The sight of Congressional Representatives and Senators denied
access to their offices for more than a month reinforces the impact of the loss of access
to data. Even if the data physically exists somewhere, it may not be reachable.
Continuity of Business Operations means much more than backing up the office
computers on a backup drive on the same desk. Now, remote storage of data in digital
format seems much more critical — but takes more effort, and requires habits and culture
to change. Physical loss or loss of access to the office has caused large numbers of the
knowledge workforce to consider anew what data and knowledge they need to access,
from where, and when. “Anytime, anywhere” access is the desire, but the organizations

are not generally configured to support these needs.

Unknown Unknowns:

One of the key challenges is “Unknown Unknowns.” Until users are denied
access to the knowledge they need — the data stored on their computers, or charts or
phone lists on their office wall -- they may not recognize what knowledge they have
institutionalized in physical storage, rather than in memory. Any person who has lost
their World Wide Web browser bookmark file can understand the challenge of trying to
determine what was known, with the “favorite sites” list. Computer savvy users may not
even recognize the extent to which they are entrusting their patterns of computer search
and connected networks of knowledge to the computer to track.

The US Army requires its units and people to learn what information they will
need, by going on field exercises. Even camping trips of a week or less out to a local
training area get people away from their offices, with the habitually available information.

When users cannot see the wall chart with the key phone numbers, or cannot reach the

20



files with the historical data, they build awareness and begin to understand what

knowledge they are assuming will be available.

Strategies for Knowledge Now:

As outlined in this chapter, my proposition is that as more people share
knowledge, the risk of knowledge loss is reduced. In this vein, organizations need
knowledge strategies to identify and reconstitute knowledge and developing the
processes to preclude catastrophic loss of future knowledge. Information Technology
(IT) systems can help, but my emphasis is on expanding the base of knowledge in many
ways, moving up in numbers and quality of information sharing from one brilliant but
lonely innovator, up to larger communities which can share knowledge to create new
knowledge for action. Building communities of practice that are robust and self-
reinforcing is important, and we will review techniques and processes which may fit each
type of knowledge described in the next chapter. However, as Ernst & Young Business
Innovation consultant Rudy Ruggles described in the California Management Review’s
special Knowledge edition (Spring 1998, p. 80),

“If we have learned nothing else in four years of observing the knowledge

management vanguard, we have seen clearly the importance of getting the

approximately 50/ 25/ 25 people / process / technology balance

right from the outset.” What he means is that half of the efforts of all an
organization’s knowledge solutions need to focus on people factors, such as training
and culture. One-quarter of the effort should be devoted the process changes which new
technologies require, and only one-fourth of a major project should be expected to focus
on the technology. In this way, the knowledge technologies represent the tip of the
iceberg to addressing the organization’s real knowledge needs. Ethnographer and MIT

Sloan professor John van Maanen argues that organizations become more, not less,
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unique over time, so solutions must be tailored to fit the specific circumstances. The
right strategies should fit the organization’s capabilities, culture, and capacities to learn
and change, addressing the different types of knowledge. Given its current focus on
transforming into the “knowledge centric, network centric” organization, the US Army

will be used to provide examples of some of the transformations surrounding knowledge.
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Chapter 2:
Thinking about Knowledge: Theory

“Knowledge is more of a force than an object, more of a process than a product,
more of a verb than a noun. Knowledge has no inventory part number or serial
number. It can’t be bought or sold. It can’t be stored in a database or a
warehouse. Knowledge is created afresh whenever a conscious mind receives
input through the senses. Knowledge is refined when it is discussed through an
internal or external dialogue. Knowledge takes meaning when the conscious
mind appreciates its own influence on knowledge. And knowledge is interpreted
in the context of prior knowledge. Knowledge can be tacit: the knowledge your
hands and body remember when you perform a familiar, well-trained task; the
unspoken meanings of love or fear or commitment that you learned from your
family or your community, and that now influence you without your noticing.
Knowledge can be explicit; understandings that spring to your consciousness
when you read or hear or study something new. Knowledge can arise when you
select and use a thinking strategy that enables you to investigate and resolve
unforeseen challenges. There are innumerable variables in the creation,
refinement, interpretation and sense- making of knowledge.”

In order to define effective strategies for an organization’s knowledge, a
necessary first step is developing an understanding of what knowledge is. In his
presentation on “Warrior Development and the Human Side of Knowledge Management”
(above, 2002), leadership consultant Samuel Welch reasserts the personal basis of
knowledge, inseparable from the human knower and created fresh whenever a conscious
mind encounters new input. His assertion that “it can’t be bought or sold” captures the
paradoxically voluntary nature of sharing knowledge — knowledge cannot be taken by
force, but must be given. Interestingly, as MIT System Dynamics professor Jim Hines
pointed out, the teacher might not know she or he is teaching, and the learner might not
be consciously aware of learning — but the knowledge can still be shared, like Welch’s
“unspoken meanings ... that influence you without your noticing.” He highlights the fact
that knowledge does not enter into a “tabla rasa” — the knower is not a blank slate, but
already has prior knowledge, which informs current knowing and learning.

To understand knowledge from the manager’'s perspective, | started my

exploration by considering knowledge along the continuums of degree knowledge is
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shared and degree to which knowledge is objective or subjective, with examples at each

crosspoint.

Examples along the Knowledge Continuum
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As shown in my framework above, if the goal is to reduce the risk of knowledge
loss, then the more knowledge can be shared (moving up the vertical axis), the less risk
there is of loss. The interesting case of zero individuals knowing suggests that
machines can hold potential knowledge, but it becomes real only with human interaction.
The concept that “only the computer has the knowledge” is becoming increasingly
widespread, as computationally intensive processes such as bioinformatics become
more prevalent. However, the key interface for actualizing information into knowledge is
the human. The bioinformatics system can be thought of as the haystack, where the

human can look and learn. As individuals accept the information, potential knowledge
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can become actual. For the purposes of this exploration, | am assuming that networks of
people can share, and can in turn extend to knowledge-sharing communities.
Specifically, | assume that people can have a willingness to share, which implies telling
the truth as they understand it, and that these same individuals have an ability to share,
that they can recognize knowledge that another would find valuable. This is an idealized
situation, and many of the strategies discussed will seek to enhance the organizations to
approach this ideal state. The benefits are that organizations would not have to reinvent
what they already know, as in "don't reinvent the wheel" efforts to leverage what other
people know. There are also opportunities for knowledgeable people to come together
and create new knowledge, such as innovations, which synergizes what each of them
knows into a greater good.

The bottom axis shows knowledge categorized along a continuum between
objective knowledge to subjective knowledge. The poles of this continuum are explicit
and tacit knowledge. Although meta-knowledge and process knowledge are shown as
different elements, process knowledge can be considered as on the boundary, between
metaknowledge and tacit knowledge. Some knowledge is very explicit, which makes it
"chunky" and easy to transfer -- the codifiable objective knowledge such as how to build
a bridge. The more the knowledge moves AWAY from the explicit into the realm of the
tacit, where it becomes more personal, more contextual, more experiential, farther from
the consciously articulated knowledge, the more challenging it is to transfer and share.
As we will consider below, knowledge theorists such as Japanese author lkujiro Nonaka
combine the non-explicit knowledge into a single category, of tacit knowledge. However,
for managers it may be useful to consider all kinds of knowledge: explicit knowledge,
metaknowledge, process knowledge, and tacit knowledge.

In the pivotal work The Knowledge-Creating Company, Japanese knowledge

theorists Ikujiro Nonaka and Hirotaka Takeuchi (1995) briefly trace the historical Western
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understanding of knowledge from Greek philosopher Plato through Wittgenstein's
analytical philosophy and American pragmatism. In contrast to the Western focus on
explicit knowledge, which can be articulated and written in manuals and procedures,
Nonaka and Takeuchi show how Japanese firms approach knowledge less directly. They
emphasize tacit knowledge, which is learned by experience and communicated
indirectly, in metaphor and analogies. (p. 21-2) In a post-industrial society, Nonaka and
Takeuchi argue that creating knowledge will be essential for firms to sustain competitive
advantage.

Chemist-turned-philosopher Michael Polanyi published his seminal work The Tacit
Dimension in 1966. He explored the distinction between tacit and explicit knowledge. He
explains that explicit knowledge is declarative knowledge, readily codifiable and able to
be described and transmitted in formal language. However, as Polanyi said, “We can
know more than we can tell.” (1966, p. 4) Polanyi described tacit knowledge as
procedural knowledge which is personal, subjective, and context-specific. These
attributes make tacit knowledge difficult to formalize, communicate, describe, and use.
As Ford and Sterman describe in their 1998 paper, “Expert Knowledge Elicitation to
Improve Mental and Formal Models,” transferring and sharing this type of knowledge
requires conscious effort and procedures to elicit, articulate, and describe. The
knowledge that people can easily express in words represents only the tip of the iceberg
of what they know.

People have this experience often, as when they recognize one another by the
shape of the face or detect emotions by facial expressions. One promising area of
research here at MIT's Artificial Intelligence Laboratory (Al Lab) seeks to capitalize upon
this tacit human recognition of emotions through facial expressions by creating robotic
faces which mimic human expressions. We visited the Al Lab and saw the Kismet

project, on such “emotive” robot. One of the valuable outcomes of this type of
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experimentation is to help people understand what they assume — making tacit
knowledge more explicit. As shown on the Web screen capture from the Al Lab’s Kismet
project below, the artificial face is capable of signaling expressions which the human
observers attribute as emotive. By understanding what appears to be emotive in arobot,

people can become aware of tacit knowledge about human emotions, make it more

explicit, and achieve new understanding.
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Figure 4: MIT’s Kismet robot project explores making tacit understanding of emotions explicit.

Nineteenth century Danish existential philosopher Sgren Kierkegaard’s work The
Concluding Unscientific Postscript distinguished between what is known objectively and

how the knower reacts subjectively. "Objectively the emphasis is on what is said;

subjectively the emphasis is on how it is said.... Objectively, the question is about

categories of thought; subjectively, about inwardness.” (1992, pp. 202-3) The knower’s

experience differentiates objective explicit knowledge which can be treated as a stock
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from the subjective tacit and metaknowledge, which flow into and between other

elements which the person knows.

Knowledge as a Stock:

This distinction of knowledge as a stock, something which can be counted and
accumulated, versus a flow, or dynamic process, has stirred up debate in the knowledge
community. We will consider both knowledge as a stock and then knowledge as a flow.
The practice of System Dynamics can help us understand the concepts stock and flow.
System Dynamics founder Jay Forrester used the metaphor of a bathtub to explain
stocks and flows (Sterman, 2000). A stock can be thought of as a persistent being,
including intangibles such as memory, which holds contents — much as a bathtub holds
water. (Stocks are shown in boxes.) The flows into the stock are represented by pipes,
and represent contributions for the stock to accumulate, just as water from a faucet
pours into a bathtub. The outflows of the stock work like drains, reducing the contents
of the stock.

As shown in the diagram below, one approach is to think about knowledge as a

stock, an accumulation of things that are known. John Sterman, Director of MIT's
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System Dynamics Group, helped me conceptualize stock and flows about knowledge.
As shown, knowledge can be thought of as a stock, an accumulation of learning, with
outflows of forgetting and information obsolescence. The accumulated knowledge
influences new learning, at some rate of learning effectiveness. An example of this kind
of knowledge is the science of building bridges. Codified rules can be learned in the
classroom. Existing knowledge informs the learning process, and allows for more

advanced learning to take place.

Knowing also involves a
transformative process of
KNOWING by DOING, adding
actions to pre-existing knowledge
to create new knowledge....

Less More
Experienced Z P Experienced
S Transformative Knower

Learning by Doing

The concept of flows can also apply to our consideration of knowledge, by
focusing on the transforming process on the knower. Knowledge also involves a
transformative process of knowing by doing. Actions can be added to pre-existing
knowledge to create new knowledge, which transforms a less experienced knower (a
“rookie”) into a more experienced knower. Sterman (2000) has explored the nature of
systems thinking and knowledge sharing in his research. He does not seek to
demonstrate that only objective, quantifiable, explicit knowledge is learned. In fact, the
Systems Dynamics course here at the MIT Sloan School powerfully demonstrate the
transformative process of learning by doing, as less experienced learners become more
experienced knowers. The process of systems thinking (the “what”) and the tacit

knowledge (the “how to”) is passed on through experience. In “The Cognitive
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Psychology of Systems Thinking” article, James Doyle (1997) applies concepts of
cognitive psychology to the practice of systems thinking, and raises questions about
how to elicit, share and transfer knowledge in the systems thinking context. A key
emphasis and challenge in systems dynamics modeling is to understand the mental
models of the participants. Ford and Sterman (1998) lay out a process to help experts
elicit their understandings of the systems being modeled, making explicit awareness of

tacit knowledge and procedures.

A Dynamic Theory of Knowledge:

Nonaka and Takeuchi (1995) provide useful insights in the understanding of tacit
and explicit knowledge. Their dynamic model of knowledge uses social teraction
between humans to create and expand human knowledge, through “knowledge

conversion.” (p.61-72) This conversion process transforms explicit and tacit knowledge

between forms, in an interactive spiral method.

Knowledge Created by Conversion Modes
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Figure 5: Knowledge created by conversion modes between tacit and explicit.
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Nonaka and Takeuchi postulate four modes of knowledge conversion. “Within-

type” conversions of tacit to tacit (socialization), and explicit to explict (combination), are

somewhat

passive, adding to existing knowledge. In contrast, “between-type”

conversions, of tacit to explicit (externalization) and explicit to tacit (internalization),

create genuinely new knowledge, shown in circles.

Socialization moves knowledge from tacit to tacit, as one person teaches
another by doing. In the workplace, apprenticeship and on-the-job training
use this concept by providing the learner with a shared experience, to
create an understanding of the field. A shared experience helps learners
reorient their mental models in the same direction, creating sympathized

knowledge.

Combination is the process of integrating explicit knowledge concepts into
one’s knowledge system, to create systemic knowledge. Classroom
learning, where bodies of systematized “factual” knowledge are taught and
transmitted from professor to student, offer many students the experience
of combination. With hardly any irony, Nonaka notes, “An MBA education
is one of the best examples of this kind.” (1991, p. 67) Combining data
from documents, spreadsheets, or databases can lead to new knowledge,
as correlations are noted and elements are categorized. Companies which
perform datamining on Web-stream data can profit from combinations, as
they see trends in point-of-sale purchases. Business managers who
network together codified information to create new knowledge
demonstrate this combination. Companies can reap benefits of innovative

new products by combining existing sets of explicit knowledge, as Proctor
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& Gamble did when they combined a paper towel with a detergent to create

the new product (and product category) of Swifter floor wipes.

Externalization moves knowledge from tacit to explicit, as one person

might verbalize actions to explain it to another. This is knowledge creation
as classically conceptualized, with teachers developing metaphors and
describing concepts, hypotheses, and models. Dialogue often triggers
externalization. The Army Research Institute’s studies on the Tacit
Knowledge (TKML) discussed experiences with a number of Army officers.
Initially, they would describe general-sounding principles of good
leadership; peeled back, they could externalize deep tacit knowledge as
conceptual knowledge, able to be shared with others. By explaining their
tacit knowledge to others, these experts become more aware of it
themselves. Becoming aware of their knowledge makes their
understandings more amenable to experimentation and strategies — trying
different emphasis, learning what works better. In this manner, both the

teachers and the students are learners.

Internalization embodies explicit within tacit knowledge, creating
operational knowledge as the learner integrates the teaching with prior
learnings and learns by doing. My experiences with Outward Bound
showed many opportunities for people to internalize explicit knowledge
into the realm of the tacit, as we showed each other how to tie knots to
hold together improvised watercraft. Describing “how to” was confusing;
actually doing the knots allowed teammates to acquire the skill and learn

its benefits.  Watching small children learn to tie shoes similarly
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demonstrates the difficulty in translating explicit knowledge into tacit
knowledge, which is most easily learned by doing. Experiential stories,
such as “war stories” told by experienced soldiers to young ones, help
listeners envision themselves in similar situations, allowing for vicarious
experiences. Novices must internalize the explicit knowledge to attempt to
develop a ‘gut’ understanding of how the world works as a system.

Foreign language students experience internalization when they dream in

the new language, or get humor.
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