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his paper describes a novel theoretical and empirical approach to tasks such as business

process redesign and knowledge management. The project involves collecting examples
of how different organizations perform similar processes, and organizing these examples in
an on-line “process handbook.” The handbook is intended to help people: (1) redesign
existing organizational processes, (2) invent new organizational processes (especially ones
that take advantage of information technology), and (3) share ideas about organizational
practices.

A key element of the work is an approach to analyzing processes at various levels of
abstraction, thus capturing both the details of specific processes as well as the “deep
structure” of their similarities. This approach uses ideas from computer science about
inheritance and from coordination theory about managing dependencies. A primary advan-
tage of the approach is that it allows people to explicitly represent the similarities (and
differences) among related processes and to easily find or generate sensible alternatives for
how a given process could be performed. In addition to describing this new approach, the
work reported here demonstrates the basic technical feasibility of these ideas and gives one
example of their use in a field study.

(Business Process Redesign; Knowledge Management; Process Handbook; Organizational Design;
Organizational Learning)

* Also at Babston College, Wellesley, Massachusetts.
** At AT Kearney, Cambridge, Massachusetts, during the research of this manuscript.

0025-1909/99 /4503 /0425%$05.00
Copyright © 1999, Institute for Operations Research
and the Management Sciences MANAGEMENT SCIENCE/ Vol. 45, No. 3, March 1999 425



MALONE, CROWSTON, LEE, PENTLAND, DELLAROCAS, WYNER, QUIMBY, OSBORN, BERNSTEIN, HERMAN, KLEIN,
AND O’'DONNELL
Tools for Inventing Organizations

Introduction

In recent years, we have seen striking examples of
process innovations that have transformed the way
organizations work. Although initially uncommon
and perceived as radical, ideas like just-in-time inven-
tory control and concurrent engineering have become
accepted as “best practice” (Carter and Baker 1991).
These innovative practices have clearly been benefi-
cial, but most organizations remain in need of im-
provement, as suggested by the on-going popularity
of “total quality management,” “business process re-
design,” and “the learning organization.” These slo-
gans summarize ideas with real value, but they pro-
vide too little guidance about what the improved
organization might look like in particular situations.
They hold out the promise of innovation, but lack the
details needed to accomplish it.

The gap between the need to innovate and the
tools for doing so leaves us with a problem: How
can we move beyond the practices of today to invent
the best practices of tomorrow? And where will we
keep getting new ideas for organizational processes
to adapt to a continually changing world? For
instance, how can we understand and exploit the
new organizational possibilities enabled by the con-
tinuing, dramatic improvements in information
technology? Given time, managers and employees
of companies will certainly develop new ways of
working that take advantage of these new opportu-
nities. For quicker progress on these problems,
however, our best hope is to develop a more sys-
tematic theoretical and empirical foundation for
understanding organizational processes. If we are to
understand successful organizational practices, we
must be able to recognize and represent the organi-
zational practices we see. In order to improve
organizational practice in a particular situation, we
must also be able to imagine alternative ways of
accomplishing the same things. Finally, we need
some way of judging which alternatives are likely to
be useful or desirable in which situations.

This paper reports on the first five years of work
in a project to address these problems by (1) devel-
oping methodologies and software tools for repre-
senting and codifying organizational processes at
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varying levels of abstraction, and (2) collecting,
organizing, and analyzing numerous examples of
how different groups and companies perform simi-
lar functions. The result of this work is an on-line
“process handbook” which can be used to help
people: (1) redesign existing business processes, (2)
invent new processes (especially those that take
advantage of information technology), and (3) orga-
nize and share knowledge about organizational
practices. We also expect this process handbook to
be useful in automatically (or semiautomatically)
generating software to support or analyze business
processes, but that is not the focus of this paper (see
Dellarocas 1996, 1997a, 1997b).

The goal of compiling a complete handbook of
business processes is, of course, a never-ending task.
Our goal in this research project is more modest: to
provide a “proof of concept” that limited versions of
such a handbook are both technically feasible and
managerially useful. Even though this project is not
yet complete, the initial goal of demonstrating the
basic technical feasibility of this approach has been
achieved, and that is the primary focus of this paper.
We have also conducted field tests that demonstrate
the potential managerial usefulness of such hand-
books and we include a description of one such test, as
well.

The Key Intellectual Challenge:
How to Represent Organizational

Processes

In order to develop a system that could be used in the
ways listed above, the key theoretical challenge is to
develop techniques for representing processes. Fortu-
nately, the last several decades of research in com-
puter science and other disciplines have resulted in a
number of well-developed approaches to representing
processes, such as flow charts and data-flow diagrams
(e.g., Yourdon 1989), state transition diagrams (e.g.,
Lewis and Papadimitriou 1981, Winograd and Flores
1986), Petri nets (e.g., Peterson 1977, Holt 1988, Singh
and Rein 1992), and goal-based models (e.g., Yu 1992).
These approaches have been used by many organiza-
tions to map their own specific processes, and some
have used them to represent widely-used generic
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Sell product

Sell by mail order

Obtain Mail ads Receive . .
mailing to mailing order by Deliver Receive
e . . product payment

Figure 1 Sample Representations of Three Different Sales Processes
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l:x:t rs po¢ order product payment Sell in retail store

I |

ttract . Receive . Receive
customers Wait on order at Deliver ment
customers| episte product paym

“Sell by mail order” and “Sell in retail store,” are specializations of the generic sales process “Sell something.” Subactivities that are different from the generic process

are shaded.

processes (e.g., Scheer 1994, Maull et al. 1995, Wino-
grad and Flores 1986, Carlson 1979). For example, a
number of consulting firms and other organizations
have already developed “best practice” databases that
include verbal descriptions, key concepts, and some-
times detailed process maps for a variety of generic
processes such as logistics, marketing, and manufac-
turing (e.g., Peters 1992, pp. 387-390, CIO Magazine
1992). It is clear, therefore, that it is technically feasible
to assemble a large set of process descriptions col-
lected from many different organizations. It is also
clear that such libraries of process descriptions can be
useful to managers and consultants. The research
question, then, is not whether it is possible to have a
useful repository of knowledge about business pro-
cesses. These databases already demonstrate that it is.
Instead, the question is “How can we do better than
these early databases?”

To answer this question, we have developed a new
approach to analyzing and representing organiza-
tional processes that explicitly represents the similar-
ities (and the differences) among a collection of related
processes. Our representation exploits two sources of
intellectual leverage: (1) notions of specialization of
processes based on ideas about inheritance from object-
oriented programming, and (2) concepts about manag-
ing dependencies from coordination theory.

MANAGEMENT ScCIENCE/Vol. 45, No. 3, March 1999

Specialization of Processes

Most process mapping techniques analyze business
processes using only one primary dimension: break-
ing a process into its different parts. Our representa-
tion adds a second dimension: differentiating a pro-
cess into its different types. Figure 1 illustrates the
difference between these two dimensions. In this
figure, the generic activity called “Sell product” is
broken apart into parts (or subactivities) like “Identify
potential customers” and “Inform potential custom-
ers.” The generic activity is also differentiated into
types (or specializations) like “Sell by mail order” and
“Sell in retail store.”

As in object-oriented programming (e.g., Stefik and
Bobrow 1986, Wegner 1987, Brachman and Levesque
1985), the specialized processes automatically inherit
properties of their more generic “parents,” except
where they explicitly add or change a property. For
instance, in “Sell by mail order,” the subactivities of
“delivering a product” and “receiving payment” are
inherited without modification, but “Identifying pros-
pects” is replaced by the more specialized activity of
“Obtaining mailing lists.”

Using this approach, any number of activities can be
arranged in a richly interconnected two-dimensional
network. Each of the subactivities shown in Figure 1,
for instance, can be further broken down into more
detailed subactivities (e.g., “Type mailing list name
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Uses

Generalizations Specializations

Subactivities

The “Process Compass”—Two Dimensions for Analyzing
Business Processes

Figure 2

The vertical dimension distinguishes different parts of a process; the horizontal
dimension distinguishes different types of a process.

into computer”) or more specialized types (e.g., “Sell
hamburgers at McDonald's retail restaurant #493”) to
any level desired. In general, we use the term “activ-
ity” for all business processes, including all their
subparts and subtypes at all levels.

We have found the “process compass” shown in
Figure 2 to be a useful way of summarizing the two
dimensions. The vertical dimension represents the
conventional way of analyzing processes: according to
their different parts. The horizontal dimension is the
novel one: analyzing processes according to their
different types. From any activity in the Process Hand-
book, you can go in four different directions: (1) down
to the different parts of the activity (its “subactivi-
ties”), (2) up to the larger activities of which this one is
a part (its “uses”), (3) right to the different types of this
activity (its “specializations”), and (4) left to the differ-
ent activities of which this one is a type (its “general-
izations”).

Comparison with Object-Oriented Programming.
To readers familiar with conventional object-oriented
programming techniques, it is worth commenting on
the difference between our approach and conventional
object-oriented programming. The difference is a sub-
tle, but important, shift of perspective from specializ-
ing objects to specializing processes (see Stefik 1981,
Friedland 1979, Thomsen 1987, Madsen et al. 1993,
Wyner and Lee 1995, and other references in the
section below on related work in computer science).

In a sense, this approach is a kind of “dual” of the
traditional object-oriented approach. Traditional ob-
ject-oriented programming includes a hierarchy of
increasingly specialized objects, which may have asso-
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ciated with them actions (or “methods”). Our ap-
proach, by contrast, includes a hierarchy of increas-
ingly specialized actions (or “processes”) which may
have associated with them objects. Loosely speaking,
then, traditional object-oriented programming in-
volves inheriting down a hierarchy of nouns; our
approach involves inheriting down a hierarchy of
verbs.

In a sense, of course, these two approaches are
formally equivalent: anything that can be done in one
could be done in the other. The two approaches can
also, quite usefully, coexist in the same system. The
process-oriented approach we are describing, how-
ever, appears to be particularly appropriate for the
analysis and design of business processes.

Bundles and Trade-Off Tables. In developing
tools to support specialization, we have found it
useful to combine specializations into what we call
“bundles” of related alternatives. These bundles do
not have a direct parallel in traditional object-oriented
languages; however, they are comparable to “facets”
in information science (Rowley 1992). For instance,
Figure 3 shows part of the specialization hierarchy for
sales processes. In this example, one bundle of special-
izations for “Sell something” is related to how the sale
is made: direct mail, retail storefront, or direct sales
force. Another bundle of specializations has to do with
what is being sold: beer, automotive components,
financial services, etc.

Comparing alternative specializations is usually
meaningful only within a bundle of related alterna-
tives. For example, comparing “retail store front sales”
to “direct mail sales” is sensible, but comparing “retail
store front sales” to “selling automotive components”
is not. Where there are related alternative specializa-
tions in a bundle, our handbook can include compar-
isons of the alternatives on multiple dimensions, thus
making explicit the tradeoff between these dimen-
sions. For example, Figure 4 shows a “tradeoff matrix”
that compares alternatives in terms of their ratings on
various criteria; different specializations are the rows
and different characteristics are the columns. As in the
Sibyl system (Lee and Lai 1991), items in the cells of
this matrix can be associated with detailed justifica-
tions for the various ratings. For very generic pro-
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Sell by direct sales

Sell by retail store

[Sell how?]

{Sell something

Sell over internet
Sell beer
Sell telecommunications service |

|
|
Sell by mail order |
|
|

[Sell what?]

Sell academic and research suppl..|

Figure 3

Sell automotive components |

Sell financial service |

Summary Display Showing Specializations of the Activity “Sell Something”

ltems in brackets (such as “[Sell how?]”) are “bundles” which group together sets of related specializations. ltems in bold have further specializations. The screen
images used in this and subsequent figures were created with the software tools described later.

cesses such as those shown here, the cells would
usually contain rough qualitative comparisons (such
as “High,” “Medium,” and “Low”); for specific pro-
cess examples, they may contain detailed quantitative
performance metrics for time, cost, job satisfaction, or
other factors. In some cases, these comparisons may be
the result of systematic studies; in others, they may be
simply rough guesses by knowledgeable managers or
consultants (with appropriate indications of their pre-
liminary nature); and, of course, in some cases, there
may not be enough information to include any com-
parisons at all.

Dependencies and Coordination

The second key concept we are using is the notion
from coordination theory (e.g., Malone and Crowston
1994) that coordination can be defined as managing
dependencies among activities. From this perspective, we
can characterize different kinds of dependencies and the
" alternative coordination processes that can manage
them. Such coordination processes are both ubiqui-
tous (i.e., the same mechanisms are found in many
different processes) and variable (i.e., there are many
different mechanisms that can be used to manage a
particular dependency). Therefore, identifying depen-
dencies and coordination mechanisms offers special
leverage for redesigning processes. The power of
analyzing processes in terms of dependencies and
coordination mechanisms is greatly increased by ac-
cess to a rich library of alternative coordination mech-
anisms for different kinds of dependencies. Therefore,

MANAGEMENT ScIENCE/Vol. 45, No. 3, March 1999

a critical component of the Process Handbook is a
library of generic coordination mechanisms.

Figure 5 suggests the beginnings of such an analysis
(see Crowston 1991, Zlotkin 1995). The figure shows
three basic kinds of dependencies: flow, sharing, and fit.
These three types of dependencies arise from re-
sources that are related to multiple activities. Flow
dependencies arise whenever one activity produces a
resource that is used by another activity. This kind of
dependency occurs all the time in almost all processes
and is the focus of most existing process mapping
techniques (such as flow charts). Sharing dependencies
occur whenever multiple activities all use the same
resource. For example, this kind of dependency arises
when two activities need to be done by the same
person, when they need to use the same machine on a
factory floor, or when they both use money from the
same budget. Even though this kind of dependency
between activities is usually omitted from flow charts,
allocating shared resources is clearly a critical aspect
of many management activities. Finally, fit dependen-
cies arise when multiple activities collectively produce
a single resource. For example, when several different
engineers are designing different parts of a car (such
as the engine, the transmission, and the body) there is
a dependency between their activities that results
from the fact that the pieces they are each designing
need to fit together in the completed car.

Table 1 extends this analysis by showing how the
different kinds of dependencies can be associated with a
set of alternative coordination processes for managing
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Cost of selling |Time to sell |Quality of service

Suggested products

ell by direct sales [High Long High

High margin, tailored

ell by mail order |Low

Medium Low

Specialty items

ell by retail store {Medium Medium

Medium

Low margin commodities

ell over internet {Low Fast

Low-improving

Commodities, Specialty items

Figure 4

: lenlion b v pson. Thi pi he F
zbest customer satisfaction, but is a high cost method. It also takes a long period of time
nd is limited by the amount of sales staff.

A Tradeoff Matrix Showing Typical Advantages and Disadvantages of Different Specializations for the Generic Sales Process

Note that the values in this version of the matrix are not intended to be definitive, merely suggestive.

Fit Flow

Key: OResource C— Activity

Figure 5

them. For example, the table shows that “sharing” de-
pendencies (shared resource constraints) can be man-
aged by a variety of coordination mechanisms such as
“first come/first serve”, priority order, budgets, mana-
gerial decision, and market-like bidding. If three job
shop workers need to use the same machine, for in-
stance, they could use a simple “first come/first serve”
mechanism. Alternatively, they could use a form of
budgeting with each worker having pre-assigned time
slots, or a manager could explicitly decide what to do
whenever two workers wanted to use the machine at the

430

Three Basic Types of Dependencies Among Activities (Adapted from Zlotkin 1995).

same time. In some cases, the owner might even want to
sell time on the machine and the person willing to pay
the most would get it. In this way, new processes can be
generated by considering alternative coordination mech-
anisms for a given dependency.

While the dependencies shown in Table 1 are cer-
tainly not the only ones possible, our current working
hypothesis is that all other dependencies can be use-
fully analyzed as specializations or combinations of
those shown in the table. Similarly, even though there
are many other possible coordination processes, the

MANAGEMENT ScIENCE/Vol. 45, No. 3, March 1999
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Table 1 Examples of Elementary Dependencies Between Activities
and Alternative Coordination Mechanisms for Managing
Them
Examples of Coordination Mechanisms for
Dependency Managing Dependency
Flow

Make to order vs. make to inventory (“pull” vs.
“push”)

Place orders using “economic order quantity”,
“Just In Time” (kanban system), or detailed
advanced planning

Accessibility (“right place”) Ship by various transportation modes or make
at point of use

Use standards or ask individual users (e.g., by
having customer agree to purchase and/or
by using participatory design)

Prerequisite (“right time”)

Usability (“right thing”)

Sharing “First come/first serve”, priority order, budgets,
managerial decision, market-like bidding
Fit Boeing’s total simulation vs. Microsoft’s daily

build

table illustrates how a library of generic coordination
processes can be organized according to the depen-
dencies they manage.

Specialization and Decomposition of Dependen-
cies. Some dependencies can be viewed as specializa-
tions of others. For instance, task assignment can be
seen as a special case of sharing, where the “resource”
being shared is the time of people who can do the
tasks. This implies that the coordination mechanisms
for sharing in general can be specialized to apply to
task assignment. In other cases, some dependencies
can be seen as being composed of others. For instance,
flow dependencies can be viewed as a combination of
three other kinds of dependencies: prerequisite con-
straints (an item must be produced before it can be
used), accessibility constraints (an item that is pro-
duced must be made available for use), and usability
constraints, (an item that is produced should be “us-
able” by the activity that uses it). Loosely speaking,
managing these three dependencies amounts to hav-
ing the right thing (usability), in the right place (acces-
sibility), at the right time (prerequisite). Each of these
different kinds of dependencies, in turn, may have
different processes for managing it; for example, the
prerequisite dependency might be managed by keep-
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ing an inventory of the resource or by making it to
order when it is needed, while usability may be
managed through a product design process.

Related Work in Organization Theory and Design
In some respects, this work represents another step on
what Sanchez (1993, p. 73) calls “the long and thorny
way to an organizational taxonomy.” Because our
work draws heavily on the concept of specialization
(and therefore classification), it is related to other
taxonomies of organizations (e.g.,, Woodward 1965,
Thompson 1967, Pugh et al. 1968, Mintzberg 1979,
Ulrich and McKelvey 1990, Salancik and Leblebici
1988). The main difference is that except for Salancik
and Leblebici (1988), most work in this area has
classified whole organizations (or parts of organiza-
tions). Instead, we classify processes. McKelvey (1982)
argues that the study of organizations is at a “pre-
Linnaean” stage, awaiting a more systematic taxon-
omy to enable further scientific progress. By focusing
on processes, the perspective introduced here extends
previous work and provides a significant new alter-
native in this important problem area.

For example, our work not only provides a frame-
work for classification, but also a framework for
identifying possible alternatives and improvements.
Previously, Salancik and Leblebici (1988) introduced a
grammatical approach to analyzing specific organiza-
tional processes that enabled the generation of new
processes by the constrained rearrangement of com-
ponent activities. Our representation extends this ap-
proach, adding specialization and inheritance of activ-
ities as well as explicit representation of various kinds
of dependencies. Specialization enables us to generate
new processes by using alternative sets of more prim-
itive actions. Explicit representation of dependencies
allows us to generate many possible coordination
processes for managing these dependencies. For ex-
ample, Salancik and Leblebici’s alternative orderings
can all be generated as alternative ways of coordinat-
ing the basic flow and other dependencies among the
activities.

Our framework also emphasizes the importance of
coordination in organizational design. Our concept
of dependencies, for instance, elaborates on and re-
fines the traditional concept of interdependence from
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organization theory (Thompson 1967). As Thompson
(1967) makes clear, interdependence between organi-
zational subunits is a result of the way workflows are
organized between them. Thompson identified three
kinds of interdependence: pooled, sequential, and
reciprocal. For each of these, he identified typical
coordination strategies, such as standardization, plan-
ning, and mutual adjustment. As these concepts have
been applied over the years, however, the concept of
interdependence has come to describe relationships
between organizational subunits. In a sense, therefore,
our approach reasserts Thompson’s (1967) original
insight by emphasizing that dependencies arise be-
tween activities in a process, not between departments
per se. We extend Thompson’s (1967) work by identi-
fying a much finer grained set of dependencies and a
much richer set of coordination mechanisms for man-
aging them.

We are able to explicitly relate dependencies and
coordination mechanisms in this manner because our
typology of dependencies is based on the pattern of
use of common resources that creates the dependency,
rather than on the topology of the relationship be-
tween the actors, as in Thompson’s three categories.
This approach makes it clearer which coordination
mechanisms should be considered as alternatives,
namely those that address the same kinds and uses of
resources.

In representing processes computationally, our
work is also similar to other computational organiza-
tional models (e.g., Cohen et al. 1972, Carley et al.
1992, Levitt et al. 1994, Gasser and Majchrzak 1994,
Baligh et al. 1990, Masuch and LaPotin 1989). One
major difference from most of this work, however, is
that we focus on organizing knowledge, not on simulat-
ing performance. We can, of course, include simulation
models and their results in the knowledge we orga-
nize, but our focus is on useful ways of organizing this
knowledge, not on generating it.

For instance, Carley et al. (1992) developed Plural
Soar, a simulation of a team of actors retrieving items
from a warehouse. They used this simulation to study
the effect of communications between actors and of
individual memory on the performance of the group.
In our system, the basic processes followed by the
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group could be stored and specialized to include or
omit communication and memory. We could also
include the performance of each variation as found
from the simulation.

The Process Interchange Format (PIF), described
below, is intended to simplify the task of translating
process descriptions between a wide variety of such
systems.

Related Work in Computer Science

The idea of generic processes (or “scripts” or “plans”)
has a long history in the field of artificial intelligence
(e.g., Schank and Abelson 1977, Schank 1982, Chan-
drasekaran 1983, Clancey 1983, Tenenberg 1986, Bhan-
daru and Croft 1990, Lefkowitz and Croft 1990, Chan-
drasekaran et al. 1992, Marques et al. 1992). Of
particular relevance to our work is the work on
“skeletal plans” (Stefik 1981, Friedland 1979, Fried-
land and Iwakasi 1985), where an abstract plan is
successively elaborated (and “specialized”) for a given
task. The Process Handbook can also be viewed as a
case-based reasoner (Kolodner 1993) since many of the
processes represented in the Handbook are case ex-
amples from specific organizations.

Unlike these Al systems, however, the Process
Handbook uses both process specialization and de-
pendencies with coordination mechanisms to generate
and organize a large number of examples and gener-
alizations about them. For example, unlike a conven-
tional case-based reasoner with only a library of
previous cases, the Process Handbook can also contain
an extensive (human-generated) network of generic
processes that summarize and organize the existing
cases and that also help generate and evaluate new
possibilities.

Outside the area of artificial intelligence, the notion
of specializing processes has also been used occasion-
ally in other parts of computer science. For example, a
few programming languages (e.g.,, Thomsen 1987,
Madsen et al. 1993) include mechanisms for defining
specialization hierarchies of processes and combining
actions from different levels in various ways at run-
time. However, even in the parts of computer science
where this work has been done, the potential power of
systematically inheriting patterns of activities, depen-
dencies, and other properties though networks of
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increasingly specialized processes does not seem to be
widely appreciated.

In recent years, the idea of explicitly representing
the processes associated with connections between
activities has begun to receive some attention (e.g.,
Stovsky and Weide 1988). For example, several recent
architectural description languages (ADLs) are used to
describe software systems in terms of components and
connectors, where both components and connectors
are first-class entities (Allen and Garlan 1994, Shaw et
al. 1995, Shaw and Garlan 1996). Components are
analogous to our activities, while connectors corre-
spond to our coordination processes. However, in
these ADLs connectors are implementation-level ab-
stractions (such as a pipe, or a client/server protocol).
In contrast, the process handbook notion of dependen-
cies also supports hierarchies of specification-level
abstractions for interconnection relationships.

A key difference between our work and most pre-
vious work in all these areas of computer science
comes from the difference in goals. The previous work
in artificial intelligence and programming languages
was primarily focused on building computer systems
that, themselves, design or carry out processes. Our
primary goal, on the other hand, is to build computer
systems that help people design or carry out pro-
cesses.

Because we have focused on supporting human
decision-makers—not replacing them—there is no re-
quirement that all our process descriptions be detailed
or formalized enough to be executable by automated
systems. Instead, it is up to the users of the Handbook
to describe different processes at different levels of
detail depending on their needs and the costs and
benefits of going to more detailed levels. Therefore,
unlike some of the well-known attempts to create
comprehensive ontologies of actions (e.g. Lenat 1995,
Schank and Abelson 1977), users of the Process Hand-
book do not have to wait for the resolution of difficult
knowledge representation issues nor invest a large
amount of effort in formalizing knowledge that is not
immediately useful.

For domains in which the processes are formalized
in enough detail, however, the Handbook can greatly
facilitate the re-use of previously defined models such
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as simulations, workflow systems, transaction pro-
cessing systems, or other software modules (e.g., Del-
larocas 1996, 1997a, 1997b).

Results

The combination of approaches described above
should make it practical to store large numbers of
processes, and, more importantly, enable users to
generate a rich set of possible alternative processes. To
test the feasibility of our approaches, we developed a
series of prototype versions of a Process Handbook.
The primary results of this work have been a set of
software tools for viewing and manipulating process
descriptions and a body of information content about
business processes. In addition to these primary re-
sults, this section also includes brief descriptions of
our methodologies for analyzing and organizing process
descriptions and a field test of our approach.

Software Tools: The Process Handbook System
To date, the most visible product of our project is a set
of software tools for storing and manipulating process
descriptions. The core system manages the database of
process descriptions and displays and edits selected
entries. Our current system is implemented under the
Microsoft Windows operating system using Mi-
crosoft’s Visual Basic programming language and
numerous third-party modules for that environment
(i.e., VBXs). The process descriptions are stored in a
relational database (currently Microsoft Access) with
an interface layer above the database that represents
processes using the concepts described above (Ahmed
1995, Bernstein et al. 1995). This interface allows users
to retrieve, view, and edit process descriptions, in-
cluding adding new subactivities and specializations.
The user interface includes: (1) templates for describ-
ing activities, including standard fields (like name,
description, and author) and custom fields for special-
ized information about particular kinds of activities,
(2) links between activities, including standard links
(like generalizations, specializations, and subactivi-
ties), as well as arbitrary “navigational links” with
which users can group activities in any way they
want; and (3) summary views of specializations and
decompositions, which allow direct manipulation of the
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database, including operations such as adding, chang-
ing, deleting, or moving entries.

The system also provides: (4) automated support for
inheritance, so that changes in an activity are automat-
ically made in all its specializations that have not
over-ridden them, and (5) automated support for depen-
dencies, so that users can specify the kind of depen-
dency that exists between two or more activities and
then search the space of possible coordination mech-
anisms for that dependency to identify a coordination
mechanism (Elly 1996).

With this last feature, users can easily switch back
and forth between viewing the dependency or the
coordination mechanism that manages the depen-
dency (see Figure 6). By successively replacing depen-
dencies with coordination mechanisms and activities
with their specializations users can easily see many
different views of the same process, from the most
abstract to the most detailed.

Web Interface. We have also developed a World
Wide Web interface to the system that allows users to
view (but not to change) the contents of the Process
Handbook from anywhere on the Internet. Using a
standard Web browser, users can see information
structured with templates, links, and inheritance, and
they can contribute to on-line discussions about each
of the activities.

Process Interchange Format. While we believe the
tool described above has several unique advantages,
there are many other process tools available for tasks
such as flowcharting, simulation, workflow, and Com-
puter-Aided Software Engineering (CASE). To in-
crease the potential sources and uses for process
descriptions in the handbook, we wanted to be able to
move processes back and forth between these differ-
ent tools. To help make this possibility more likely, we
organized a working group, including people from
our project and from several other university research
groups and companies sponsoring our research. This
group has developed a Process Interchange Format
(PIF) for moving process descriptions between sys-
tems that use diverse representations (Lee et al. 1994,
Lee et al. 1996). Via PIF, a process in one system (e.g.
a process modeller) can be used by another (say, a
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simulator), whose result in turn can be used by yet
another system. Each system uses as much as possible
of the process descriptions and passes on information
it cannot “understand” to other systems (Lee and
Malone 1990, Chan 1995).

Information Content: The Process Handbook
Database

To test the feasibility of our approach it was critical to
enter a significant number of process descriptions into
the system. As Table 2 summarizes, the handbook
currently contains over 3400 activities, some from
specific organizations and some generic processes.
This information content is the second major result of
our work to date.

Examples from Specific Organizations. In addi-
tion to using secondary sources of data (such as
published descriptions of innovative business prac-
tices), we have focused our primary data collection on
the domain of “supply chain management”—the pro-
cess by which an organization (or group of organiza-
tions) manages the acquisition of inputs, the succes-
sive transformations of these inputs into products, and
the distribution of these products to customers. For
example, the handbook includes results from several
MIT masters’ thesis studies of supply chain processes
ranging from a Mexican beer factory to a university
purchasing process (Geisler 1995, Leavitt 1995, Lyon
1995, Ruelas Gossi 1995). The entries also include a
number of examples drawn from the “Interesting
Organizations Database” collected from published
sources and student projects as part of an MIT re-
search initiative on “Inventing the Organizations of
the 21st Century.”

Generic Business Processes. To take advantage of
inheritance and to help find useful process analogies,
we need to integrate specific process examples into a
more general framework. To develop such a frame-
work of generic processes, we first reviewed generic
business process models from a variety of published
sources (e.g., Davenport 1993). Based on this work, we
defined the broadest organizational process in the Pro-
cess Handbook as “Produce something.” This term is
intended to include both manufacturing organizations
(which produce products) and service organizations
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Figure 6 Alternative Views of the Same Sample Process

. | Assemble
Make tires [ -] Cars
. B Manage Flow, |_ Assemble
Make tires - X make to inventory | >4 Cars
Order tires
. Store tires in Remave tires Assemble
Make tires |[F—————————] = I from ey
inventory inventory Cars

The first view (a) shows a “flow” dependency between two activities. The second view (b) shows the flow dependency replaced by the coordination process that
manages it. The third view (c) shows the subactivities of the coordination process and the respective dependencies among them. Users can easily switch back and

forth among these different views of the same process.

(which produce services). We intend that every activ-
ity that occurs in an organization should fit some-
where in one of the five subactivities of this all-
encompassing process: (1) design, (2) purchasing and
inbound logistics, (3) production, (4) sales and out-
bound logistics, and (5) general management and
administrative functions. Drawing on our general
knowledge of business and a variety of published
sources, including textbooks in marketing (Kotler
1997) and product design (Ulrich and Eppinger 1995),
we have developed several levels of more detailed
subactivities for these generic business activities.
However, the Process Handbook does not force a
single perspective on these activities. For example,
several of the generic business process models we
reviewed are now included in the handbook as alter-
native specializations of “Produce something.” These
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different models provide different views of how a
business can be decomposed into subactivities. When
several different specializations of an activity all in-
clude the same lower level subactivities, but group
them in different ways we define the different special-
izations as alternative “views.” Many such views are
possible, and they are all functionally equivalent, so it
would not make sense to claim that any particular set
of generic business processes is definitive or intrinsi-
cally superior. Instead, users can pick the views they
find most useful or appealing.

Other Generic Activities. In addition to the high-
level generic business processes and generic coordina-
tion mechanisms described above, many other kinds
of activities occur as basic building blocks of business
processes. For example, activities like making a deci-
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Table 2 Summary of Current Contents of the Process Handbook Database (as of 10/1/97)

Approx. No.

of Specific Approx. Maximum No. Maximum No.

Organizations No. of of Levels of of Levels of

Kind of Activity Represented Activities Specialization Decomposition Sample Activity Names

Examples from specific organizations
Manufacturing 3 325 2 6 Brew beer
Other “supply chain” processes 4 235 4 5 Build walls
Others 143 240 4 2 Select human resources
Generic processes
Generic business processes N/A 200 3 4 Sell something
Generic coordination processes N/A 200 7 2 Manage accessibility by collocation
Other generic activities N/A 2200 20 10 Acquire human resources
Total 150 3400 20 10

sion or approving an application are parts of many
organizational processes. In order to take advantage of
process inheritance and maximize the generativity of
our framework, all activities need to be placed some-
where in the specialization hierarchy.

We have explored several alternatives for how to
organize the specialization hierarchy that makes this
possible. The most promising approach we have
found so far (which we currently use in the handbook)
is illustrated in Figure 7. The basic idea is to create a
high-level framework of a small number of very
generic activities, and then to classify all other activi-
ties as specializations of these high-level activities.

In the current version of this taxonomy, the top level
consists of very general activities like Create, Destroy,
Modify, and Preserve. These most general processes
can occur for any kind of object. As the table illus-
trates, these generic processes are further specialized
down to the lowest level of activity in the handbook.
We have found it useful in many cases to group
specializations into bundles based on questions about
who, what, where, why, when, and how. For example,
the bundles under the generic “Get” activity, include
“Get what?” and “Get how?” As with the other areas
of the Process Handbook, the further development of
this part of the process taxonomy is an active part of
our ongoing research. The taxonomy we have devel-
oped so far demonstrates the basic feasibility of orga-
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[1Get what?]
[Get information
Get ical items

Seaich
Gather
Receive
Retrieve

[Sell something
[Sell how?]
Sell by direct sales
Sell by retail store
Sell by mail order
Sell over internet
[Sell what?]
Sell beer
Sell telecommunications service
Sell academic and research supplies
Sell automotive components
L Sell financial service
Buy something
Buy inputs

An Outline View of the First Two Levels of the Specialization
Hierarchy and Selected Further Specializations of the Generic
Activity “Move” (as of 11/1/96)

Figure 7

nizing large numbers of activities in a unified special-
ization hierarchy.

Methodologies
For this approach to be feasible for large-scale use, we
need to be able to systematically analyze processes
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and integrate them into the Process Handbook. In
addition to developing methods for analyzing pro-
cesses (with or without the Process Handbook repos-
itory), we are also refining methods for editing and
integrating information about processes into the hand-
book database. For instance, a “top down” approach
to analyzing a new process for the handbook is to start
with similar examples already in the handbook, create
a new specialization, and then modify the specializa-
tion as needed to describe the new process. An alter-
native “bottom up” approach is to start by entering a
description of the new process and then connecting it
to existing processes in the handbook that are gener-
alizations of the whole process or its subactivities. In
the course of adding these new specializations to
existing processes, the existing processes may be mod-
ified to include generalizations of elements in the new
processes.

In many cases, we believe the best approach is a
combination of both these approaches: working both
top-down and bottom-up to successively refine both
old and new process descriptions and maximizing the
insights along the way. Our experiences with these
methodologies are now being formalized (e.g., Crows-
ton and Osborn 1996, Pentland et al. 1994) and inte-
grated into teaching materials.

Field Testing the Process Handbook: A Case Study
In a sense, each new process description entered into
the handbook is a field test of the framework, because
it raises the question: can this process be adequately
represented? But the more important question is: what
can we get back from the handbook? What kinds of
activities can this representation support? To answer
this question, we have begun to field test the hand-
book in real organizations that are engaged in process
improvement efforts. While not in any sense con-
trolled experiments, these field studies provide con-
crete illustrations of the potential managerial useful-
ness of the Process Handbook concepts. One such
study is summarized here (see Herman et al. 1997, and
Roth 1997 for additional details). This study was done
in collaboration with one of our corporate research
sponsors, the AT Kearney consulting firm, and one of
their clients which we call “Firm A” to preserve the
client’s anonymity.
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Firm A was experiencing increasing problems with
their hiring process. They were growing rapidly in a
tightening labor market, and they had a culture of
independent, competitive business units. Together,
these factors led to increases in the time and cost to
hire people and to increasingly frequent instances of
business units “hoarding” candidates or bidding
against each other for the same candidate.

In an effort to improve their hiring process, the
organization had invested a great deal of time and
energy into “as is” process analysis using conven-
tional techniques such as flowcharting. But they also
wanted some way to come up with highly innovative
ideas about how to improve their process. In this
spirit, they agreed to participate in a field test of the
Process Handbook system and concepts. A study team
of about 8 people was formed consisting of members
from MIT, AT Kearney, and Firm A.

The team’s first step was simply to see how the
hiring process was represented in the Process Hand-
book. Several of the steps in the Handbook activity
called “Hire human resources” were similar to those
already identified by the “as is” analysis (e.g., identify
need, determine source, select, and make offer). One
immediate insight, however, resulted from the fact
that the Process Handbook representation of hiring
included a step of “pay employee” which had not
been included in the “as is” analysis. Even though
they hadn’t previously thought of it in this way, the
team members from Firm A found it surprising and
useful to realize that the employee receiving a first
paycheck is, in a sense, the logical culmination of the
hiring process. Receiving a (correct) paycheck, for
instance, confirms that the hiring information has been
entered correctly in the relevant administrative sys-
tems.

Using the Concepts of Specialization. To generate
further insights and alternatives, the team looked in
the Process Handbook at specializations of the overall
hiring process and then at the specializations of each
of its subactivities. In terms of the process compass
mentioned above, the team looked first to the right,
then down and to the right. In doing so, they came
across examples such as Marriott Hotels, where an
automated telephone system asks job candidates a
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series of questions about their qualifications and sal-
ary requirements. At the end of the call, callers are
immediately told if they’re qualified for the position
and invited to schedule an interview through the
system’s automated scheduling feature. Although
most appropriate for lower level personnel, this exam-
ple was very thought provoking for the project team.

The team found numerous other similarly intrigu-
ing examples in the handbook. For example, they
found descriptions of (1) BMW using a simulated
assembly line to help select assembly line workers, (2)
Whirlpool having a corporate-wide “human capital
war room” with databases of projected skill needs and
capacities, and (3) Doubletree which seeks to system-
atically identify dimensions of employee success in
their organization and then hire candidates with sim-
ilar traits.

This use of the Process Handbook is similar to the
traditional “benchmarking” or “best practice” ap-
proach of learning from other examples of the same
process. Even here, however, the use of specialization
in the handbook allows much richer ways of indexing
large numbers of examples than any other “best
practices” database of which we are aware.

In an effort to expand their horizons even further,
the team’s next step was to look in the handbook for
more distant analogies (or “cousins”) of the hiring
process. That is, they looked first at generalizations
(“ancestors”) of the hiring process and then at other
specializations (“descendants”) of these generaliza-
tions. (In terms of the process compass, they moved
left and then right again.)

For example, “hiring” is classified in the handbook
as a specialization of “buying,” so a handbook user
who looks at the generalizations of “hiring” will
encounter “buying.” In retrospect, this connection
may seem obvious (hiring is a form of buying some-
one’s time), but this analogy had not been obvious to
the project team, and it proved to be a very stimulat-
ing source of insights. In exploring other specializa-
tions of buying, for instance, the team encountered
examples like (1) Motorola’s extensive quality audits
and rating systems for their suppliers, (2) Acer’s
different sourcing strategies for different kinds of
materials, and (3) General Electric’s Internet-based
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system through which purchasing agents can find and
compare suppliers. Each of these examples stimulated
specific ideas about possible improvements in the
hiring process for Firm A: (1) quality ratings for
recruiters, (2) creating different hiring processes for
different kinds of positions, and (3) identifying candi-
dates using the Internet, respectively.

Using the Concepts of Coordination. After ex-
ploring a number of such distant analogies, the team
then began to systematically explore and compare
many different possible combinations of specializa-
tions and coordination processes for hiring. One of the
most interesting insights from this part of the process
came from focusing on the shared resource depen-
dency for recruiter time. Firm A used a variety of
internal and external recruiters, and the time of these
recruiters had to be somehow shared across all the
positions being filled at any given time. The coordina-
tion process Firm A currently used for managing this
dependency was to have recruiting managers for each
business unit assign each new search to a specific
recruiter.

When analyzing this process from a coordination
point of view, the team quickly identified a variety of
other possible ways to manage this dependency, in-
cluding all the coordination processes listed for shar-
ing dependencies in Table 1. The team was particu-
larly intrigued by the idea of using market-like
bidding systems for this purpose. In one scenario the
team developed, for instance, recruiters would “bid”
on the opportunity to fill a new position by specifying
how long they estimated it would take them to fill the
position. Later, when the position had actually been
filled, the recruiter’s fee would be adjusted for signif-
icant over- or under-performance relative to the orig-
inal bid.

One compelling advantage of this scheme is that it
could more easily exploit information that is often
ignored completely in the current system. For in-
stance, a recruiter who had just filled one position for
a C++ programmer but who knew that 3 other highly
qualified candidates identified in the same search
were still available, could take this information into
account in making a low bid on a new search for a
C++ programmer in another business unit.
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Our project ended before Firm A had implemented
any of the ideas generated in this phase of the project,
and no quantitative evaluation of the idea-generating
phase of the project was done. However, in the
meeting where the final project results were pre-
sented, the executive vice president of human re-
sources in Firm A eloquently articulated our aspira-
tions in the project by saying that he felt he had
“passed through a doorway where all sorts of things
he had never imagined before now seemed possible.”

Discussion

This case illustrates a number of advantages of using
a specialization hierarchy in combination with the
explicit representation of coordination and dependen-
cies. First, this field test showed that specialization can
substantially reduce the amount of work necessary to
analyze a new process. By simply identifying a pro-
cess as a “hiring process,” for example, a great deal of
information can be automatically inherited. Then, only
the changes that matter for the purpose at hand need
to be explicitly entered. This helps support a rapid
assessment of the basic features of a process, rather
than laborious detailing (what Hammer and Champy
1993, refer to as “analysis paralysis”). For example in
the field test, the team chose to ignore nearly all of the
“as is” analysis that had previously been done by Firm
A and focus on a very simple, abstract view of the
hiring process and its first level subactivities. This
level of detail, alone, was sufficient to generate all the
insights described above.

Second, the specialization hierarchy provided a
powerful framework for generating new process
ideas. For example, some of today’s “best practice”
databases support cross-fertilization across industries
within the same business function, but we do not
know of any others that would support the kind of
cross-fertilization across business functions (from pur-
chasing to human resources) described above.

Since coordination processes are often those most
susceptible to being changed by information technol-
ogy, a particularly important use of this approach is to
use generic knowledge about alternative coordination
mechanisms to generate new process ideas. For in-
stance, the ideas about using bidding to allocate
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recruiter time were stimulated by very generic knowl-
edge about coordination, and would presumably be
more feasible because of the cheaper communication
made possible by information technologies (see Crow-
ston 1997, for other similar examples).

Another feature of our approach that makes it
particularly useful for generating new process ideas is
that we focus attention on processes as distinct entities
that can be described independently of organizational
structures or the roles of particular people or groups.
This “process-oriented” approach to business seems
particularly useful, in (a) identifying new ways of
doing old tasks, even if the new ways involve very
different actors and (b) managing connected processes
that span organizational boundaries: either across
groups in a single firm or across firms in “networked”
and “virtual” organizations.

In addition to these advantages, our process-ori-
ented approach has limitations, too. For instance, any
static process representation can give the impression
that the process is more stable and routine than most
business processes actually are. In contrast to most
other process representations, however, our approach
helps us explicitly deal with this issue by representing .
the stable—or typical—aspects of a process at the
generic level and then also representing as many
specialized variations as is useful.

Another risk of having libraries of explicit process
representations like ours is that people will interpret
them too rigidly. While it is sometimes appropriate to
collect prescriptive rules or procedures in a handbook
like ours, we think that in most situations a process
handbook will be most useful as a resource to help
people figure out what to do, rather than as a prescrip-
tion of what they should do.

The Editorial Challenge. One of the most impor-
tant ways in which our approach differs from many
other computational approaches to similar problems is
that we do not rely primarily on intelligent computer
systems to analyze, reason about, or simulate business
processes. Instead, we place substantial importance on
the role of intelligent human “editors” to select, refine,
and structure the knowledge represented in the hand-
book. This approach has both strengths and weak-
nesses.
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On the one hand, it allows us to take advantage of
human abilities to analyze, organize, and communi-
cate knowledge in ways that go far beyond the capa-
bilities of today’s computers. For example, the task of
developing good generic models for the marketing
and sales process is similar, in many ways, to writing
a good textbook or developing comprehensive theo-
ries about marketing and sales. Human abilities to do
tasks like these will almost certainly exceed those of
computers for the foreseeable future.

On the other hand, relying on human effort in this
way means that the success of our approach depends
significantly on the quality and amount of human
intelligence applied to the problem of generating and
organizing knowledge in the system. For example, a
complex and confusing network of poorly organized
process categories may be even worse than no catego-
ries at all.

In general, as process descriptions are added to the
handbook, we will face a problem that is analogous to
that faced by researchers in many fields: how to insure
that results cumulate in a meaningful way. Since we
foresee a wide variety of potential users and contrib-
utors, it would be unrealistic to expect equal rigor
from all of them. Rather than attempting to enforce
uniform standards, we plan to allow a wide variety of
data from diverse sources, but to require that the
specific sources, methods, and significance of that data
be described in enough detail to allow users of the
handbook to judge whether it is valid and reliable
enough for their own purposes. In this respect, the
Handbook has an advantage over more formal ap-
proaches because it allows many alternatives to co-
exist in the system. At the same time, this openness
contributes to the editorial problem of insuring that
the entries are consistently and usefully classified. We
believe that adopting solutions analogous to those that
have already been found successful in other domains
is a promising approach. For example, we have found
it useful to think about roles like authors, editors, and
reviewers for groups of entries in the Process Hand-
book.

It is also encouraging to note that the specialization
structure of the handbook provides a potentially pow-
erful advantage that has not been widely available to
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any knowledge generating communities before: Well-
organized and accurate process knowledge at the
“left” of the specialization network is automatically
inherited throughout the other parts of the network
where it applies. In this sense, then, the system am-
plifies the effort of intelligent humans by automati-
cally linking their work to a variety of contexts where
it may be useful.

Conclusion

There is, of course, much more work to be done to
develop and test the ideas described here. For exam-
ple, better tools for process analysis and editing need
to be created, more information content needs to be
added to the Process Handbook, and systematic tests
of how the ideas can be applied in different kinds of
situations need to be performed. However, we believe
that our work so far has demonstrated the basic
feasibility and contribution of the approach and its
potential for significant further progress. We hope, for
example, that this research will provide a set of
intellectual tools and an extensive database to help
people learn about organizations, invent new kinds of
organizations, and improve existing processes. Per-
haps most importantly, we hope this research will
help us understand the possibilities for creating new
kinds of organizations that are not only more effective,
but also, more fulfilling for their members.'
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