Chapter 1
THE PATH OF SERENDIPITY

This book 15 about people who opetatle, maintain, design, research, and
manage complex systems. ranging from air traffic control systems, process
control plants and manufacturing facilities to industrial enierprises,
government agencies and universities. The focus is on the nature of the
work these types of people perform, as well as the human abilities and
limitations that usually enable and somelimes hinder their work,  ln
particular, this book addresses how o best ephance abilities and overcome
limitations, as well as foster acceptance of the means to these ends,

This hook is aiso about screndipity and how unforeseen connections
and disiinctions enable innovative approaches to problems as well as
sofution concepts.  The serendipitous connections and  distinctions
discussed here stem from perspectives that cut across domains and
disciplines, and sometimes eultures. This enables, for example, using
understanding of the operatians of library networks to develop concepts for
matataining atreraft engines. The key, by the way, is the networked nature
of relationships among system elements tn both domains.

The possibility of serendipity can be enhanced by a willingness to ask
questions such as, “How is a NASCAR pit crew like a Waffle House
cooking and serving team?” Puarsuit of answers o these types of questions
is facilifated by adopting a transdisciplinary perspective that borrows from
behavioral and social science, management, engingering, compuating and so
on o create cross-cutting frameworks for understanding questions and
formulating answers.

A wealth of ideas about people and organizations are discussed in this
book. These ideas appear, at teast in retrospect, 1o follow a fairly orderly
path from individuals to teams to organizations 10 cnterprises.  Yet, as
illustrated by the many stories and vignettes in the chapters that follow, the
path is only smooth when looking backward. Looking forward. the ideas
emerged from serendipitous insights and matured independently at first,
only coming together as a coherent whole more recently.
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2 People & Organizations

EARLY SERENDIPITY

The picture in Figure 1 symbolizes this process. While the circle in the
center of this picture may appear to be a UFO landing site, it is actually a
driver-training track. When [ was 14 years old, 1 eagerly looked [orward o
obtaining my driver iraiming permit when I turned 15, o preparation, T
bought a 1952 Plymouth for $35. T wanted to teach mysclf the basics of
driving before T hit that all-impaortant 15% birthday.

There was a field behind our house, a bit of pasture owned by Mrs.
Cook, who lived across the street. T asked her it 1 could drive my car in
this field. She agreed and, over the next few months, the track shown in
the picture emerged. T achieved my goal of being ready for my permig,
although my experience was limited to first and second gears, as 1 could
pever get zoing fast enough to get nlo third,

Figure 1. QOne Path of Serendipity
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While all this was happening, an aerial survey was heing laken of our
town (Portsmouth, RI) in preparation for o new highway. The survey
captured my track and my avins. Nancy Laniz, a newspaper reporier, 2ot ine
a copy of the picture. Oaly then did T fully realize the pattern 1 had
craated. Prior to that recognition, I simply viewed the field as the place 1
practiced drivipg.

The pattern of the track helped me io understand the significance my
first car played in my earliest research veniures — this picture now hungs
prominently in my oftice to remind me. For instance, I was able to figure
out how to drive downlown without going on any public roads, since 14
year olds weren’t supposed to be driving, Tt was a very bumpy route
threugh fields and along abandoned streetcar tracks.

All the bumping resulted in many needed repawrs. T accomplished
some of these repairs using parts from my Erecior Set because T could not
afford to buy spare parts. Tlearned a lot from that 1952 Plymouth because
it kept on breaking, Within six months, a 1949 Chevrolet. also purchased
for $35, replaced the Plymouth, and my lessons continued. This was
serendipity at its best, and certainly wus one of the reasons I later pursued
engineering,  More recently, these experiences have contributed to the
great fun we are having studying the avtoraobile industry, as discussed in
Chapter | 1.

ROLE OF SERENDIPITY

This research discussed in the following chapters clearly illustrates the
substantial role serendipity has played in this work. This wus not Tully
apparent (o me until [ began (o study stralegy and planning more tormally
in the 1980s, continuing into the 1990s. In Besi Laid Plans (19943, and
later Don't Jump o Solutions (1998), 1 concluded that planning 1s a
process of placing yourself in the path of serendipity.

The basis of this conclusion was my own experiences as well as
numerous discussions with very successiul people and orgunizations.
Success seldom emerges exactly as planned. 1 have often heard that
tachneologies were most successful in ways other than expected, oficn in
markets that were not anticipated. The stories of Post-Tts and Super Glue
are familiar examples. There are countless stovies such as these (Burke,
1996, Byans, 2004),

This conclusion has frequently been countered with guestions such as.
“Why bother to plan at all it it's &l serendipity?” The answer is that plans
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are needed to be able to recognize serendipity — to assure “smarl” fuck
raiher than having to accept “dumb’ luck. Prepared with a clear set of
inteations and at least notional plans, you'll recognize serendipity when it
happens. As a result, you'll pursue vour plans and achieve success in ways
not previously imagined.

The people 1 have talked with about this phenomenon were usually
pursuing clear goals with great energy when it struck them that there was a
better way of achieving success, typically with stightly altered goals and
refined plans,  Perbaps the unfortupate fact that the ghee will not
permanently stick is aciually a benefit — hence, Post-lis.  Perhaps the
mopportune fact that the gunk happens 1o create an almost unbreakable
bond is actually a benefit - hience, Super Glue.

This book 1s focused much more on research to understand people and
orgamizations than it is about product innovations, although see Chapters 6,
. and 9. Serendipity in research involves recognizing new phenomena,
seeing old phenomena in new ways, and wdentifying new concepts,
principles, methods, and tools for addressing phenoimena.  In essence,
serendipity in research involves the unexpected emergence of new ways of
thinking about something.

There are many sources of serendipity and ways (o place yourself in
the path of serendipity. One way i5 to work across domains. My domain
experiences range from the aevospace and electrenics industries, to
consumer products and retasling companies, to governmeni agencies and
non-profit organizations. The contrasts across this range of domains have
vielded many serendipitous insights. For example, the heterogeneity of the
constituencies in a domain — the stakeholders -- seems to strongly 1mpact
decision-making processes and how these processes can best be supposted.

Another way to foster serendipity is working across disciplines. By
disciplines, 1 mean engineering, computing. management, behavioral and
social sciences, faw. medicine, architecture, humanities, arts, and so on.
Different disciplines often bring very different perspectives to problem
solving and decision making, both in terms of formulation and solution.
Understanding  these differences can lead to unew, transdisciplinary
formulations.  For instance, onr ongoing research on medeling work and
workfiow has benefited from the contrasting approaches of management,
engineering, computing, and architecture. and the ways they address
business processes and flows of physical objects, information, and people,
respectively,

A third way to foster serendipity is to cross cultures. The research
discussed in this book has been pursued in the contexis of more than 38
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countries, usuaily with colicagues from these countries. The contrasts
between Western and BEastern cultures, as well as the conirasts between
developed and developing countiies, have provided many useful insights.
For example, it secms that the role of the family in a culture affects
cotrepreneurship in particutar and nisk taking in general. Thus, in one
initiative, we found that simply providing venture capital was not sufficient
to overcome risk averse attitudes — support was nceded to help would-be
entrepreneurs to better understand and manage risks.

Most of the serendipitous insights discussed in this book emerged from
crossing domains (2.g.. libraries and electronicsy. disciplines (e.g..
technology and arts), and cultures (e.g.. developed and developing
covniries). These “border crossings” placed us in the path of sereadipity
and new insizhts were found on this path. An overarching theme of this
book is the value of such border crossings.

HUMAN-CENTERED DESIGN

The primary theme of this book is human-centered design (Rouse. 1991,
2001). Human-centered design is a process of assuring that the concerns,
values, and perceptions of all stakeholders in a design effort are considered
and balanced. Human-centered design can be contrasted with user-
centered design (Billings. 1996; Booher, 2003; Card, Moran & Newell,
1933; Norman & Dvaper. 1986). The user is a very imporiant stakeholder
in design, often the primary stakeholder. However, the success of a
product or service is uswally strongly influenced by other players in the
process of design, development, fielding, and ongoing use of products and
services,  Human-centered design is concemed with the full range of
stakeholders.

This broad view of human-centered design emerged for me in the late
1980s as owr research on intelligent interfaces for aircraft pilots (see
Chapter 4) matured and we pursued plans for integrating this concepi imto
praduction aireraft.  Our intelligent interface concept was clearfy pilot
centered. However, we soon discovered that “pilots may tly “em, but they
don’t build ‘em or buy “em.” We needed 10 pay much more attention to
the aircraft manufacturers, the aiflines, and various regulatory bodics it we
wanted to get our idea o airplanes. This led us to identify and understand
the various stakeholders who affect the design, development, manufacture,
operation, and regulation of airplanes and their operations.
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Design Objectives

There are three primary objectives within human-centered design, These
objectives should drive much of designers' thinking, particularly in the
earlier stages of design. Many discussions in later chapters illustrate the
substantial impact of tocusing on these three objectives,

The first objective of humun-centered design is that it should enhance
humian abilities. This dictates that humans' abilities in the roles of interest
he identified, understood, and cultivated. For example, people tend to have
excellent pattern recognition abilities. Design should take advantage of
these abilities, for instance, by using displays of information that enable
users to respond on a pattern recognition basis rather than requiring more
anatyiical evaluation of the information.

The second objective is that human-centered design should help
overcome human limitarions.  This reqaires that limitations be identified
and appropriate compensatory mechanisms be devised. A good illustration
of a human timitation is the proclivity to make ervors. Humans are fairly
flexible information processors -- an important ability - but this flexibility
can lead to "imnovations” that are erroncous n the sense that undesirable
consequences are likely to occur.

One way of dealing with this problem s to eliminate mnovations.
perhaps via interlocks and rigid procedures. However, this is akio to
throwing out the baby with the bath water. Instead, mechanisms are
needed to compensate for undesitable consequences without precluding
innovations. Such mechanisms represent a human-centered approach to
overcoming the human limitation of occasional ervoneous performance.

The third objective of human-centered design is that it should foster
human accepiance. This dictates that stakeholders' preferences aud
concerns be explicitly considered in the design process. While users are
certaindy key stakcholders. there are other people who are central (o the
pracess of designing, developing, @nd operating a system. Tor example,
purchascrs or customers are important stakeholders who ofien are not
users. The interests of these stakeholders also have (o be considered to
foster acceptance by all the hureans involved.

Design Framework

We soon found that human-centered thinking could he applied in a wide
range of domains. The process was formalized in terms of the framework
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shown in Figure 2 involving four phases and specific issues. methods. and
wols (Rouse, 1991, 2001).  These phases support the above design
objectives by first focusing on the full range of humans involved in the
success of the solution being designed, and then emnphasizing how abilities
can be enhanced, himitations overcome, and acceptance fostered.

The Naturalist Phase involves understanding the domains and tasks of
stakeholders from the perspective of individuals. the organization. and the
environment.  This understanding not only iocludes stakeholders’
activities, bul also prevalent values and attitudes relative to productivity,
technology, aud change in general.

The Marketing Phase — or market research phase — builds vpon the
understanding  of the domains and lasks of current and poiential
stakeholders to conceptualize altemative products or services 1o support
these people. Product or service concepts can be used for initiad masketing
to determine whether or not people perceive a product or seyvice concept
as sotving an important problem, sclving tt in an acceptable way, and
solving 1t at a reasonable cost.

Technology 3
Feasibility

SALES & SERVICE

Figure 2. Framework for Human-Centered Design
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The Engineering Phase addresses lradeoffs between desired conceptual
functionality and technological reality.  As indicated in Figure 2,
technelogy development will usually have been pursued prior to and in
parallel with the Naturalist and Marketing Phases. This will have ai least
parttally assured that the concepts shown to stakeholders were not
technologically or economicaliy ridiculous. However, one now must be
very specific about how desired tunctionality is to be provided, what
performance s possible, and the time and dollars necesszary to provide it

As the Sales and Service Phase begins, the product or service should
have successfully been developed and evaluated, that is, proven to be a
“verified” solution. The focus is now on the extent to which it solves the
targeted problem (ie., is a valid solution}, solves it an acceptable way. and
does so ut reasonable cost {(i.e., is a viable solution). It is also at this point
that one assures that implementation conditions are consistent with the
assumptions nnderlying the design basis of the product or service.

It is important to indicate the role of technology in the human-centered
design process, As depicted in Figure 2, technology is pursued in parailei
with the four phases of the design precess. In fact, technology feasibality,
development. and refinement usually consume the lion's share of the
resources In a product or service design effort. However, technology
should not drive the design process. The uforementioned human-centered
design objectives should drive the process and technology should support
these ohjectives.

Design for Success

As the human-centered design methodology matured and was applicd in i
wide range of domains (see Chapter 8). we conducied nuimerous
workshops. The workshop notes evolved into a book manuscript that was
to be titled “Human-Centered Design.” Upon concluding a workshop at
NASA where this material was used, several pasticipants approached me
and said that they thought the tentative book title was a poor choice,
Furthes, they argued that the human-centered methadology could be used
to design virtually anything, as all products and services have stakeholders,
even those products that have no real “users™ in the sense of anyone
mteracting with them. They suggested that the book be titted “Design for
Success.” When J returned from this trip, I called my editor at John Wiley
and he readily agreed that (his new title would be much more descriptive —
and catchy. In ihis way, a serendipilous exchunge in the waning moments
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of a workshop fundamenially repositioned a product (the book) in a
brouder market.
OVERYIEW OF BOOK

As shown below, Chapters 2-11 cach address what T term an essential
phenomena and a central guestion:

2. Estitnation: How to assess what is happening, has happened, will
happen?
3. Queneing: How to atlocate resources to provide efficient service?

4. Control: How to determine what task shoald be performed next?

5. Diugnosis: How to determine the cause of ahserved symptoms?
6. Design: How (o synthesize human-centered solutions?
7. Information: How {0 identily sources and retrieve valuable

information?
. Stakeholders: How o consider and balance stakeholders™ interests?
0. Future: How to consider future uncertainties?
10.  Chailenges: How Lo address essential managenient challenges?

11 Transformation: How to address and pursue fundamental change?

These essential phenomena played central motivational roles as the
rescarch on these phenomena was pursued. [ can recall discussions of how
estimaiion (e.g., predicting future states of a system) is a central aspect of
heing human rather than any other species. I can remember similar
discussions of control (deciding whal to do next) and diagnosts (deciding
what’s wrong). The notion of an essential phenomens implied that our
research was central o understinding the essence of being human. This
made the research very compelling.
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Tabie | describes the essential phenomena of Chapters 2-11 in terms of
the three human-centered design abjectives discussed earlier. Examples of
human abilities and limitations are indicated, as are possible approaches to
support, that is, enhancing abilities and overcoming limitations, In the
following subsections, abilities. limitations. and support are swmmarized
across the ten essential phenomena.

Human Abilities

The human abilities column of Tabde | includes three broad types of
abilities. First. people are good at recognizing familtiar patterns and
mapping from these familiar patterns to past successful responses.
Consequently, they tend 10 be good at ruaning an “as is” systiem - for
example, vehicle, process, or enlerprise -- to achieve familiar objectives.
People tend to have a wealth of “common sense” that is invaluable in
situations where this knowledge and these skills apply.

Second, when they need to consider aliematives — for instance, when
recogaition-primed decision making (Klein, 1993, 2002) is not sufficient —
they are ofien goed at articnlating their inerests, defining the attributes of
these interests, und specifying the relative importance of interests and
attributes. However. their abilities tend to be limited to imasking pair wise
comparisons of alternatives, as opposed to being able to compare many
alternatives simubtaneously. Thus. they tend to satisfice (Simon, 1969} and
make reasonable rather than optimul choices.

Third, when new alternatives are needed, people are often quite good
al envisioning the possibilities. formalating new ideas. and fmagining the
consequences of these ideas. They are also often good at articulating a
vision. and leading people to pursue this vision. Sametimes, but not
always, they are good at recognizing when the vision needs to change 1w
better fit the evolving environment, for example, production needs,
competitors, or the weather.

These three types of abilities are among the primary reasons why
humans are included as elements of complex systems. Common sense,
abilities 1o abstract, ipventiveness, and commmnication abilities are almaost
always very important in complex domains. Thus, human abilities are
usually essennial. However, the information processors Chumans} with
these abilities also have limitations that tend to be central to the “costs™ of
enfoying the henefits of human infonmation processing.
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Chapier tssential Human Alilities Hurnae Approaches 1o
Phenomena Limitations Suppost

2 Estimasinn: Ciood al Laucourate anenital Stochastic forecusiing
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Table 1. Pheaomena, Questions, Abilities, Lunitatons, and Approaches o Suppoct
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Human Limitatioas

Humians bave difficulty perceiving variables accurately — that’s why we
provide pilots instruments. However, in general, they tend to have
inaccurate perceptions of system states, inchiding past, current, and future
states. This is due, in part, 0 limited “mental models™ of the phenomena
of interest in terms of both how things work and how to influence things.
Consequently, people have difficulty determining the full implications of
what is known. as well as considering future contingencics for potential
systems states and the long-term value of addressing these conlingencies.
The implications for supporting hurmans are discussed in the mext
subsection.

When there is a need wo consider mwltiple alternatives., people have
difficulty trading off multiple attributes across the multiple alternatives.
They tend ito want to think in terms of the direct attributes of the
alternatives rather than the attributes of the value of the aliematives. These
difficulties often cause people to satistice rather than optimize, in part
because the nature of the phenomena (e.g., highly nonlinear} may make
optimization difficult, bul also because people find it difficull to consider
many things simultaneously. They also tend to be poor at multi-tasking,
pacticularly for high demand sitwations such as cmergencies and other
types of crises.

For domains where there are multiple types of stakeholders with
differing and perhaps conflicting interests. people often have difficulty
addressing these differences and conflicts. They tend to focus tactically
vather than sirategically and not see broader situations that could inform the
resolution of tradeoffs and conflicts. People often have ditficulty seeing
forces for change. as opposed to needs to restore the staus quo.
Conscquently, they may have difficalty committing to change and
sustaining such commitments.

The above “costs” of including humans as key elements of complex
systemns might lead one to pursue approaches to automating human abilities
to avoid these iypes of costs.  Alternatively, one can pursue means of
supporting humans to overcome these limitations and, thereby, enjoy the
benefits of humans® abilities without the costs of human fimitations. The
next subsection considers this possibility.

Sopporting Humans

An obvious way to support humans is to provide them information —
hence, the aforementioned pilot's inserumentis.  Information can be
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provided al varying levels of aggregation and abstraction (Rasmwssen,
1986, 1994), for instance, temperature measurements at regular points
along the plant’s pipes vs. energy flow throughout the power plant. One
might display estimated future states, for example, using “predictor”
displays for air traffic control.  Apother example is a display of
information scarch results, including relationships among results and cheir
implications.

At a deeper level, one might display underlying processes and employ
various models to infer underlying states and the bases of these states.
Examples include time series forecasting imodels, queueing process
maodels, business process models, and valwe stream representalions,
Network models might be used to portray, for example. quencing networks
or perhaps social networks.

Such models could be used io “drive” displays of abstractions of
evolving systems phenonmiena. The models themseives might also be
uselul (o overcoming human limitations of not being able to understand the
underlying complexity of a system without appropriate absiractions. For
example, libraries are not stnply wetworks of queves of people and
materials, but portraying libraries in this way can facilitate understanding
and managing the complexity of libraries” business processes (see Chapter
3k

Anather type of support involves helping people decile what to do -
what choice to make and how to allocate resources. There is a wide runge
of models for addressing economic uncertainty, as well as related models
for dealing  with multi-stakebolder, multi-attribute  decision making
situations. There are both prescriptive and descriptive models tor these
types of problems, addressing what people should do and what people
naturally tend to do. respectively.  Such models can be wsed directly or
incorpotated nto decision aids that embody these models.

Yet another type of support addresses task performance. Aiding can be
employed to perform part of a task. to sometimes perform the whole task
{adaptive aiding), or to always perform the whole task (automation). One
can think i terms of a range of levels of aulomation, from none to
complele with several levels in between {Sheridan, 1992, 2002), One often
needs Lo provide aiding in use of aiding, for example, to assure that search
tools provide the greatest value.  Chapters 4 and 7 address lask
performance aids.

Hununs can also be supported by methodologies that provide
framewaorks, methods, and tools in domains such as research, design, and
management.  Use of these methodologies can be facilitared via toolkits
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that provide alternative models, methods, and wols for targeting specific
problerns.  Methodologies and toolkits can greatly facilitate the “data-
driven decision making™ discussed in Chapters 8-1{,

For all of these types of support, therc is another dimension — aiding
vs. training.  Aiding invelves directly augmenting human performance
while training 1s focused on eshancing the potential to perform. Given any
particular knowledge or skill, the question atises of whether the humans in
guestion need to know it or simply know how to do it. Perhaps they do not
need o understand nuclear engineering, but do need to be able to operate
nuclear planis. for instance. This question 1s pursed in more detatl in
Chapter 6.

Levels of Understanding

This book is about people and organizations in terms of bow 1o understand
them and how to support them. At one level. understanding can be
expressed in terms of data about pbenomena, for instance, human
perception of visual displays in particulur circumstances.  This level of
understanding may enable predicting human performance in similar
circumstances.  To some extent, you predict by reviewing the tabulated
results and. hopefully, interpolating to match the conditions of interest.

Another tevel of understanding enables control of the phenomenon of
interest. Rather than predict what humans will do, you cause the outcomes
that vou desire via particular inputs and environmental conditions. [ have
long felt that the ability to control tends to represent a higher level of
understanding than the ability to predict.  Put simply, if you cananot
influence a phenomenon, you do not fully understand it

Yet a higher level of understanding involves the ability to design the
phenomenon to behave as you desite.  While controlfing an aircraft’s
trajectory represents a higher level of understunding thon predicting g
trajectory, designing an aircrafi to be controllable represents yet a higher
level of understanding. The engineer in me does not feel that you veally
understand a phenomenon until vou can design a means of enhancing (hat
phenomenon.

Consequenily, ihig book not only addresses the essential phenomena
listed in Table 1. The lon's share of the attention is devoted to discussion
and iflustration of how to enhance human abilities and overcome human
fimitations via a wide range of support mechanisms that my colleagues and
| have designed, developed, deploved — either as contract deliverables or
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off-the-shelf products sold in the marketplace — and supported in use by
hundreds of enterprises and thousands of users.

As articulafed eartier, an overarching theme of this book is the human-
centered design of these systems, products, and services. Theoughout Fhe
following chapters, there is much discussion of the basic and applied
research that supported these design efforts, lncluding svmmaries of what
we learned about people and organizations. it is important 1o keep in
mind, however, that our overalt goal was not just prediction — we also
wunted to control and, ultimately, design.

SERENDIPITY REVISITED

[ have portrayed hunun-centered design as the systematic purssit of
understanding of human abilities and limitations. as well as development
and deployment of means for enhancing abilities and overcoming
limitations. From this perspeciive, human-centered design may seem to be
a very predictable process that inevitably leads to success. To some extent.
this is true. However, the results of this process often are surprising.

The reason for such surprises is that serendipity intervenes to take you
1 anvther direction, offer an alternative solution, or possibly provide a
novel interpretation. From this perspective. this book is a story of how one
thing leads to another, in thiz case, in the context of understunding and
supporting people and organizations.

For instance, our studies of library networks (see Chapter 33 led us
quite naturally o drawing network diagrams. often on large white hoards
in offices or mecting rooms, These diagrams served as the basis for
discussions of finding optimal routes for particular tvpes of library
services. It occurred to us that the properties of the network mi oht not be
static.  For example, a node might he “up” or “down™ at any particuiar
point in time. This fed to the guestion, “How would we know?”

At tha! moment, oar research thrust in fanlt diagnosis emerged (see
Chapter 5). although we did not realize this for some time. We next
generated many random networks and studicd how (o determine a node
was down. The process of generating and displaying networks was very
slow as the computer searched for optimal routes. 1 commented on this to
a colleague in electrical engineering as we met at the coffee um. He said
that he was noi surprised as we were 1rving (o solve the gencral circult
routing problem.
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My mclination was 1o run off and teke a look at that literature.
However, it struck me that the structure of our “circuits” {as we came to
often call ihen)) was such that the optimal rowes could only have five
possible shapes. Rarher than searching all possible routes, we could just
ry vayiations of these five shapes and pick the best one. Programming this
approach led to almost-instantaneous generation and display of networks
that suppoited a long series of sludies.

Serendipity emerged by crossing domains (library networks and
technical networks) and disciplines {indusirial and electrical engineering).
The result was 4 new line of research ond an idea that was key 10 making
the research feasible. The path of serendipity. in this case, was o the
Coordinated Science Laboratory at the University of linois, a place where
many disciplines mingled at coffee ums and seminars. The characteristics
of such places are revisited in Chapter 12.

Another example emerged from an invitation to give 4 lecture at Los
Alamos National Laboratory. I was CEQ of Search Technology at the time
and one of our largest initiatives was the intelligent interface for the Pilot's
Associate, an artificially intefligent co-pilot that we were developing as a
member of Lockheed's team (see Chapter 4). Another much smaller effort
was focused on understanding fundamental limiis of modeling bebuviorat
phenomena (see Chapter 2).

| suggested to Chris Barrett, my Los Alamos host, that T could talk on
either topic. He responded by asking me to combine both topics and talk
on fundamental limiis of intclligent interfaces, Having oo idea what this
would really lead to. ! agreed and then had to invest much time into
combining the two streams of thought. Ths effort paid off, however, as a
whote new research thrust emesged (see Chapter 2}, The path of
serendipity in this case rau through Search Technology, Lockheed, and Los
Alamos.

The chapters in this book move systematically from studies of
operations and maintenance (Chapters 2-6) 1o studies of research and
design {Chapters 7-9) to stuchias of strategic management (Chapters 10-t1).
As well planned and smooth at this path may appear, it was laced with
serendipitous insights and tansitions.  The shift o understanding the
process of research, its impact on design. and thea design itself grew out of
frustraitons with getting the applied world to the laboratory door (Rouse.
1985).

Specifically, Ken Boff of the Air Force Research Laboratory and [
initially independently, were struck by how long it takes for research 1o
unpact practice. if it does at all. We joined forces in the early 1980s to
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study how best 1o package research resulis for designers. We quickly
hecame immersed in studies of how designers wark. how they seck and
consume information, and the forces and motivations for their behaviors.
(See Chapters 6 and 7 for discussions of these studies.)

One of our findings, not surprisingty, was that business considerations,
rather than techpical considerations, often drive the design issues
considered und how these issues are addressed and resolved (see Chapter
3).  Perhaps inevitably, the enterprises we were helping address their
design processes asked us to also look ar their management processes.
They often noted that they were attracted to the human-centered design
process we were advocating, but this process did not dovetail well with
ther business processes,

This eventually led to the formation of a pew company — Enterprise
Support Systems - focused on business strategy, market assessment,
product planping, and technology strategy.  Qur methods and fools
supporied  deciston making by executives and senior managers. A
significant level of consuling services was provided with these methods
and tools, mostly for Fortune 300 companies and selected government
agencies. {See Chapters §-11 for discussions of these initiatives.)

The path of serendipity. in this case, led through the Air Force, NASA,
Beeing, Motorota, 3M, Lockheed, DARPA. Raytheon. Rover, Coca-Cola.
Abbott Labs, Honeywell, Hughes, Hirachi. and so on. We worked with
more than 100 eaterprises in the private and public scctors.  Several
thousand exccutives, senior managers, and designers continsally asked us
questions — and asked for help. Our dialogues. including argniments and
debates, with these people led 10 many of ihe new directions, new ideas,
and new methods and wols discussed in this book.

From a research perspective, the path of screndipily has led to a wide
variety of studies of people und organizations, ranging from high tech w
low tech., from techuology to the arts. At a recent seminar where 1 talked
about our research on treamwork in the performing arts (see Chapter 2), 1
was asked, “Why on earth would an engineer research such a topic?”
Thinking quickly, 1 responded by saying that T have always found it
important 1o have three types of research initiatives in my portfolio,

First, I like to have at least one matnstream research topic. Our recent
work in investment valuation probably fits there (see Chapier 9). Second, [
like (0 be working in an emerging area where everyone agrees it will be an
important arca. but it is not yvet clear what form it will take. Qur work in
organizational simalation fits there (see Chapter 1. Thind, and finally, I
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always like to be doing some research that canses people 1o say, “What the
hell are you doing that for?”

The third category is often completely unsupported, both by sponsors
and colleagues. Yet this work usually seems the most ¢reative and. several
vears later, has provided the foundation for well-supported initiatives. The
path of serendipity can be like a magnet. attracting your interesi despite
lack of clarity and support. My experience is that great things can and will
happen - you just do not know what they ave.

I begun this chapter with an iHustration of early serendipity — how a
beat-up 1952 Plymouth needing constant repairs ted to the 40 vyears of
research discussed in this book. Another example of early serendipity was
my first engineering job as an assistant engineer at Rayiheon during my
junior and senior years as an undergraduate. My supervisor was Alec
Garnham, an English engineer who was a Bridsh pilot during Wortd War
1 and a heavy smoker such us you seldom encounter any more.

Alec always helped me to see the bigger plcture. He took a “systems
perspective” before T knew what that meant.  Ouwr work focused on sonar
systens 1 submarings, but Alec was able to put that in the perspective of
the whole submarine, not just the sonar. During my two years at Raytheon,
I worked in electrical engineering, mechanical engineering, systems
engineering, reliability and maintuinability engineering, and even bid and
proposal operations. always with Alec as my mentor.

Transdisciplinary perspectives emerge from having @ look at the
whote problem, becanse that is the assignment and/or because you are
inherently oriented that way. I have always wanted to understand the
broader context. 1 {found that operations and maintenance function within
the context of design, and that design operates in the context of business,
Of course, busiuess, In tum, eperates in the context of the economy and
s0Ciety.

These broader contexis are not organized in terms of disciplines. They
are holistic phenomena that, occasionally, can be addressed by reducing
them 1o constifuent parts. More often, however, key phenomena are not
evident among the parts — they only emerge from the whole.
Consequently, we have 1o address the whole problem. Transdisciplinary
perspectives provide the basis for transforming your thinking sbout the
whole problem and moving beyond just optimizing the elements of various
subproblems.

I truly believe that such thinking is key to addressing nationat and
nternational issues such as health care, security, and the environment, 1
intend this book as a contribution to advancing this point of view.
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Tranzdisciplinary perspectives, when combined with an openness to

enlightenment via serendipity, can be a powerful means to coping with
complexity.
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