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Abstract

This guidebook describes the Canvas approach to systematic knowledge acquisition. Canvas syn-
thesizes elements of two distinct methods: Scenario-Based Engineering Process (SEP) and Orga-
nization Domain Modeling (ODM). SEP provides knowledge acquisition methods and
representation techniques. ODM provides a conceptual framework for data acquisition planning
for the purposes of domain engineering. The guidebook incorporates extensive lessons learned
from project experience in managing a large-scale knowledge acquisition effort in coordination
with advanced technology development in the health-care domain.
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Prologue

This document is version 2.0 of the Canvas Knowledge Acquisition Guidebook. It proposes a new
and innovative approach to planning and managing knowledge acquisition activities in engineer-
ing projects. The Canvas approach synthesizes concepts and techniques from:

® The Organization Domain Modeling (ODM) domain engineering method sponsored by the
DARPA Software Technology for Adaptable, Reliable Systems (STARS) program, and

* The Scenario-based Engineering Process (SEP) method sponsored by the DARPA Health-
care Information Infrastructure (HIIP) program.

Canvas was developed collaboratively by the STARS and HIIP programs under the DARPA
Noah’s Ark initiative (see Section 2 for further background).

Version 2.0 incorporates additional lessons learned from a brief trial application and additional

experience gained in applying and teaching Canvas techniques. The most extensive changes are in
Section 4.0, which now provides a more prescriptive framework for planning a knowledge acqui-
sition effort. We have also tried to integrate the various core concepts into a more cohesive whole.

We intend to apply and evolve the Canvas approach in the future. We encourage trial use of Can-
vas and solicit reader review and comments as input to its future evolution. To learn more about
Canvas, discuss how to obtain support in applying it, or submit feedback on the guidebook or your
practical Canvas experiences, please contact one or more of the following people:

Mark Simos Charles “Bud” Hammons
Organon Motives, Inc. ScenPro, Inc.
One Williston Road, Suite 4 2604 Spring Lake Drive
Belmont, MA 02178 Richardson, TX 75082
Phone: (617) 484-3383 x11 Phone: (214) 307-7641
Fax: (617) 383-3363 Fax: (214) 306-6818
E-mail: mas@organon.com E-mail: hammons @onramp.net
Dean Allemang Dick Creps
Organon Motives, Inc. Lockheed Martin
One Williston Road, Suite 4 9255 Wellington Road
Belmont, MA 02178 Manassas, VA 20110
Phone: (617) 484-3383 x13 Phone: (703) 367-1353
Fax: (617) 383-3363 Fax: (703) 367-1389
E-mail: dta@organon.com E-mail: dick.creps@lmco.com

Thank you for your interest.
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1.0 Document Overview

This guidebook describes an approach to systematic knowledge acquisition called Canvas. Can-
vas synthesizes elements of two distinct methods: the Scenario-based Engineering Process (SEP)
and Organization Domain Modeling (ODM). SEP provides knowledge acquisition methods and
representation techniques, while ODM provides a conceptual framework for data acquisition
planning for the purposes of domain engineering. The guidebook incorporates extensive lessons
learned from particular project experience in managing large-scale knowledge acquisition efforts,
and generalizes them to a method for managing knowledge acquisition that is compatible with the
goals of both ODM and SEP.

At the heart of the Canvas approach is a framework for identifying and managing the difficult
issues of the knowledge acquisition process. These issues include managing the interests of the
various stakeholders to the knowledge acquisition enterprise (e.g., the people providing domain
knowledge, the knowledge acquisition staff, and the targeted audience for the information gath-
ered), managing access to written sources of information, and managing the record of the knowl-
edge that has been acquired. The Canvas framework suggests more systematic ways of planning
and flexibly coordinating the knowledge acquisition effort, to anticipate and handle the influence
of bias and potential sources of resistance, avoid inefficient use of experts’ time, and respond to
shifting availability of resources and newly discovered information sources.

The remainder of this overview section describes the document’s purpose and scope, intended
audience, and organization.

1.1 Purpose and Scope

Canvas is primarily concerned with planning knowledge acquisition activities within the context
of a broader project such as a technology development effort. In some types of projects, such as
expert systems development projects or domain engineering efforts to support systematic software
reuse, knowledge acquisition is recognized as a distinct project component. In other types of sys-
tem development efforts, knowledge acquisition activities may take place intermixed with other
concerns such as requirements gathering; and so important dynamics of these activities may not
be fully acknowledged by planners. (Section 3.1 discusses the kinds of activities that qualify as
KA from the Canvas perspective, and differentiates knowledge acquisition from related types of
knowledge transfer or learning activities.)

There are a wide variety of materials available for specific knowledge acquisition techniques (e.g.,
interviewing, data analysis, observation techniques) for many disciplines. However, planning
aspects, particularly for large-scale efforts, have been much less thoroughly covered.The primary
purpose of this document is to clarify the value of explicitly planning the knowledge acquisition
aspects of a broad range of technology development efforts, and to provide guidelines useful in
that planning process. The documented approach should be of use in other contexts as well, such
as data gathering for social scientific research purposes, but will be most relevant where the pres-
ence of technological systems is a significant factor in the environments studied.

The emphasis on “planning” may make it seem as though Canvas does not cover knowledge
acquisition activities proper. In fact, the planning framework is a useful way of organizing many
decisions crucial to the final quality of knowledge acquisition results and the effective transfer of
the knowledge obtained. These decisions are made throughout the course of the knowledge acqui-
sition effort, since many are contingent on new data that emerges as a result of the knowledge
acquisition activity itself.
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Major planning decisions in Canvas include the following:
* selecting the knowledge acquisition staff (investigators) and knowledge sources (informants),
* determining the roles of these participants, as audience, information sources, customers, etc.,
* anticipating, tracking and managing sources of bias in data gathering,

* managing variability in information resulting from differences of opinion, differences of
viewpoint, or differences in work practice,

* managing access to source information, including problems of scheduling and confidentiality,

* managing access to new information, produced as part of the knowledge acquisition process,
and

* selecting notations for representing the acquired knowledge.

Planning does not include the actual execution of knowledge acquisition activities such as reading
documents, interviewing or observing (though results of any given activity may result in new
information which requires adaptation of the plan). Thus, this guidebook does not provide
detailed guidance in how to perform knowledge acquisition activities such as interviewing practi-
tioners or examining artifacts. However, performance in the context of a systematic plan helps to
guide certain strategic aspects of these activities (e.g., choice of topic) not addressed by specific
techniques. This guidebook also does not provide detailed comparison of Canvas to other
approaches to data gathering or knowledge acquisition (although it may aid the reader in drawing
such comparisons). These subjects are potential topics for future papers and reports to comple-
ment this document.

The Canvas approach is directed mostly towards the problems of planning and managing a large-
scale knowledge acquisition effort to support system engineering, expert system development or
domain engineering (engineering of components for reuse in multiple systems). Canvas pays par-
ticular attention to the problems of transferring technical information, or transferring work prac-
tice knowledge from non-technical communities to technologists. Many issues raised in the
document may be less relevant to primarily social or cultural studies, where the information being
transferred is usually less technical in nature. Nevertheless, many of the Canvas principles (e.g.,
strategies for handling bias) are applicable to any situation in which knowledge is being systemat-
ically elicited for transfer from one work practice setting to another.

Although Canvas was designed from lessons learned managing a large project, many of the princi-
ples are just as applicable for small projects. Canvas provides a particularly useful perspective in
cases where two or more professional cultures are involved in differing capacities, and the interac-
tions among them must be carefully tracked. Canvas is also appropriate when the professional
communities involved have complex structures; that is, they include several distinct groups with
different stakes in the knowledge acquisition effort.

We do not consider the current document to be a stand-alone method or process model. While the
guidebook reflects real project experience (e.g., the SEP-based TCIMS program, ODM pilot
project efforts), it does not represent a distinct process that has been followed multiple times in
order to yield a repeatable process description. Instead, it offers a set of useful concepts and
guidelines that can be applied to knowledge acquisition planning.
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1.2 Intended Audience

This document talks about knowledge transfer as an interaction between people in distinct com-
munities of practice, each with shared and to some extent implicit contextual knowledge, lan-
guage, culture and strategic objectives. The document itself is a collaborative effort between
contributors representing different technical communities. Although we have attempted to present
the material with as few presuppositions as possible about readers’ backgrounds, those readers
with experience and/or interest in one or more of these communities will find the concepts most
familiar and of clearest value.

Canvas emphasizes knowledge acquisition (KA) as an aid in understanding the distinct communi-
ties of practice in which new technologies are conceived and created, and the workplaces in which
these technologies are adopted. Canvas provides challenges to some conventional assumptions
about how the information about a workplace can be transmitted to the people designing systems
for that workplace, and gives detailed advice about how a knowledge acquisition project should
be organized, based upon these challenges. We have attempted to write this guidebook from the
“ground up”, so that anyone who has given some thought to technology adoption issues can fol-
low the concepts described here. However, the audience most likely to have initial interest in these
issues are people who have had responsibility for transferring new technology into a workplace,
who would like to examine the dynamics of knowledge acquisition in more depth as one explana-
tory perspective for why such attempts succeed or fail.

More specifically, Canvas offers particular benefits to readers having one or more of the following
organizational roles:

* System/software project managers — For project managers, Canvas shows the benefits of
systematic knowledge acquisition, and outlines the risks incurred when these aspects are not
adequately considered in overall project planning. It also provides detailed advice about how
to plan knowledge acquisition activities and track knowledge acquisition workproducts in the
context of a broader engineering project, and suggests criteria for selecting and training
knowledge acquisition staff.

* System/software developers — Canvas illustrates how the cultural differences in workplaces
have an impact on the information needed for effective requirements engineering. System
developers will gain an appreciation of the potential value to be gained from knowledge
acquisition as an integral managed part of technology development. They will better under-
stand why KA is a distinct discipline and the importance of having the work performed by
competent practitioners.

* Experienced knowledge engineers — Canvas puts well-known knowledge acquisition tech-
niques (interviewing, verification, representation) into a general planning framework for
application on large projects. Knowledge engineers will see how their efforts are related to
other KA activities. Depending on their level of experience, they might find new insights into
the many aspects of KA treated by Canvas, including bias, variability, the specific challenges
posed by performing KA in technical settings, or acquiring knowledge about multiple sys-
tems.

* New knowledge engineers — Canvas provides a concise description of knowledge acquisi-
tion, including its underlying assumptions, goals and required support infrastructure. This
information can be of great help in learning what is expected of a knowledge engineer.

* Domain engineers — Canvas is derived in part from the ODM domain engineering method
and is thus directly applicable to the data acquisition needs of the domain engineering pro-
cess, especially of the sort described by ODM.
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* Social scientists — Those people experienced in knowledge acquisition from a social sci-
ences, academic or humanist background will gain better understanding for the distinctive
challenges and opportunities of performing KA in a technology-rich environment. This will
become of increasing importance for KA efforts as technology becomes a more ubiquitous
presence in most cultural settings. In addition, Canvas addresses some ways in which tech-
nology can be applied directly to the support of KA activities.

* Knowledge sources/informants — Those who will potentially be in the role of informants or
knowledge sources for a KA effort will better understand the process in which they are taking
part. This will enable them to take a more pro-active and collaborative role, perhaps including
observation of instances of investigator bias and articulation of these concerns.

* Support technology developers — Developers planning to provide supporting tools for
knowledge acquisition will find detailed recommendations for how a repository of informa-
tion must be managed in a KA project, as well as requirements for managing the other
resources in the project.

For all readers, Canvas offers an awareness of how culture plays a role in knowledge acquisition
and what can be done to address cultural issues. Anyone interested in knowledge acquisition or in
making use of codified knowledge can use parts of this document to understand how knowledge
can be systematically acquired and organized and why this is of value. Ideally, this could encour-
age more effective knowledge acquisition in many aspects of the workplace and cultural life
where formal KA efforts are not likely to be initiated.

1.3 Guidebook Organization

The body of the guidebook is organized into the following sections:

— Section 1: Document Overview (this section) — Defines the purpose, scope, intended
audience, and organization of the document and offers guidance in how to read it.

— Section 2: Canvas Overview — Describes the background and motivation for the project
that developed Canvas, the context in which it was developed, and an overview of the
knowledge acquisition planning process which is the scope addressed by the method.

— Section 3: Canvas Core Concepts — Articulates the conceptual foundations of Canvas,
defining the boundaries around what is considered knowledge acquisition (for the pur-
poses of this guidebook), and defining the basic terms used and implications of these
foundations.

— Section 4: Planning the KA Enterprise — Provides a set of basic, practical guidelines for
using Canvas to plan and manage a knowledge acquisition effort.

— Section 5: Representation of Knowledge — Elaborates on the role of representation in
knowledge acquisition, and outlines some criteria that can be used to help knowledge
engineers develop their own repertoire of representations. Section 5.0 also provides a
sample repertoire, assembled from our studies of large knowledge acquisition projects.

— Section 6: Dossier Planning and Management — Provides detailed advice about how to
structure a repository (herein called a “dossier”) of knowledge acquisition products,
including *“starter sets” to help initialize the dossier.

— Section 7: Conclusions — Reviews the key principles embodied in Canvas and proposes
» possibilities for further work.
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The guidebook also includes the following supplementary material:

* Appendix A: Canvas as an ODM Supporting Method — Shows how Canvas fits into the
ODM process framework and can be used as an ODM “supporting method.”

* Appendix B: Representing the Knowledge Acquisition Process — Uses Canvas on itself; the
knowledge acquisition process is shown, represented in notations commonly used in Canvas.

* Appendix C: Canvas Lexicon — Definitions of the terms that are fundamental to understand-
ing Canvas.

* Bibliography — Bibliographic entries for documents referenced in the guidebook and other
documents related to Canvas.

1.4 How to Read the Guidebook

Each segment of the audience has different needs and interests and will thus benefit most from
different portions of the guidebook. All segments of the audience should read Sections 2 and 3
(consulting the Canvas lexicon in Appendix C as needed) to gain a basic understanding of the
method.

Readers with a background or interest in domain modeling will find Appendix A of particular
interest. Developers of technology to support knowledge acquisition efforts will find Section 6.0
and Appendix B to be of particular interest. Knowledge engineers are likely to find Section 5.0 to
be most useful for their needs, while project planners will need to master the ideas in Section 4.0.

The name and number of the current section is included in the header on each page to help the
reader navigate through the document.

Treatment of key Canvas terms: In general, when a key term is first introduced in the guidebook, it
appears in a bold italic typeface and is defined at that point. Such terms are also sometimes shown
in bold italic when first appearing within other sections of the document to reestablish their iden-
tity as lexicon terms. All such terms also appear, with definitions, in the Canvas lexicon in
Appendix C so they can be easily looked up whenever they are encountered in the document.
Appendix B shows how many of the core terms relate to one another, and is itself an interesting
case study in knowledge representation.




1.4 How to Read the Guidebook STARS-PA29-AC01/001/01




STARS-PA29-AC01/001/01 2.0 Canvas Overview

2.0 Canvas Overview

This guidebook presents an initial framework for planning and managing a systematic knowledge
acquisition effort. The framework is organized in terms of a central metaphor, as suggested by the
name “Canvas”. One of meaning of the English word “canvas” is: “a coarse cloth of open mesh
weave on which embroidery or tapestry is done.” A knowledge acquisition effort (as defined for
the purposes of this guidebook) requires the coordination of a number of people performing dif-
ferent roles in the work of sharing, gathering and transferring knowledge. Many conventional
ideas about large-scale project management depend on the notion of decomposing a large task
into small, relatively independent pieces. We believe the “canvas” metaphor is a better starting
point for organizing knowledge acquisition activities, which are difficult to specify in advance and
quite different in nature from technical design tasks.

The name of the Canvas framework is thus intended to evoke an image of weaving strands
together into a coherent tapestry of knowledge. The strands begin as independent threads of infor-
mation, guided by planners using the Canvas approach to form a woven fabric that has more struc-
ture and meaning than the individual threads. We use this metaphor throughout the guidebook
when we speak of the interactions between life cycles of the various elements that participate in
the knowledge acquisition process.

We refer to Canvas in different contexts as an “approach” (where the emphasis is on the key con-
cepts and concerns/issues raised) or as a “framework” (where the emphasis is on the core set of
terms and elements and their semantic relations). The framework is presented as a core set of con-
cepts, planning guidelines, example representations, and a set of guidelines for initializing a dos-
sier — a repository containing knowledge acquisition workproducts organized to facilitate access
by the target audience.

This section describes the background and motivation for the project that developed the Canvas
framework, and the context in which it was developed:

* Section 2.1 presents a motivation for the focus on knowledge acquisition in general, and on
planning aspects specifically, from the standpoint of those involved with software technology
development;

* Section 2.3 presents the specific goals and approach taken in developing Canvas;

* Section 2.2 presents the project context in which the Canvas approach was developed and
documented;

* Section 2.4 describes the background of the case study which formed the basis for many of
the examples in this guidebook; and

* Section 2.5 briefly describes some additional validation and experience.

2.1 Motivation

People acquire knowledge informally on a regular basis, as a natural outgrowth of performing
work tasks, reflecting on past experience, communicating experiences to others and learning from
others’ experiences to improve practice. In many situations, however, it becomes important to fol-
low a more systematic knowledge acquisition process. Familiar examples are rules for acquiring
evidence in trial law or procedures used by journalists in gathering background information.
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The notion of knowledge acquisition as a distinct phase of a technology development effort (and
the use of the term “knowledge acquisition” to describe this phase) first gained prominence in the
expert systems/artificial intelligence (Al) field, where the goal has generally been to codify expert
knowledge in some domain into representations that can serve as a basis for automated deduction
and decision support. Knowledge engineers in this field borrowed some techniques from other
disciplines such as psychology, linguistics and the social sciences.

Within the broader software technology field, knowledge acquisition has not been as widely rec-
ognized as an element of the system development life cycle. Many similar activities are performed
(e.g., interviewing practitioners and end-users, gathering information about the operational envi-
ronment for the system to be developed) under the broad umbrella of “requirements analysis”.
Some borrowing from the same disciplines that contributed to the knowledge engineer’s base of
techniques has occurred.

It may seem paradoxical to speak of knowledge acquisition when there is no presumed goal of
implementing an expert system. Yet experience has shown that in many situations the knowledge
acquisition and codification process has yielded direct value to practitioners, independent of the
eventual success or failure of the expert system initially envisioned ([6], [10], [58] and [44]). Sim-
ilarly, because conventional software systems are often assumed to be automating routine activi-
ties, we may underestimate how closely entwined these activities are with practitioners’
knowledge.

A unified approach to knowledge acquisition would be of benefit to a wide spectrum of technol-

ogy development and adoption situations. Current techniques, however, are far from an adequate
basis for such a unified approach. Some key concepts are needed, reflected in the framework pre-
sented in this guidebook:

* Knowledge is created and maintained in practice, and is often tacitly embedded in social
interactions within the work setting;

* The activity of gathering, reflecting on, and codifying such knowledge, for whatever reason,
is an intervention in the organizational dynamics of the work setting; and

* Knowledge acquisition involves the interactions of distinct communities.

The points above would apply very generally, even to knowledge acquisition carried out in an aca-
demic research context. There are significant implications, however, for technology developers.I
If knowledge is embedded in practice, then any automation of people’s work processes will inter-
sect with significant knowledge-intensive activities. If requirements-gathering involves capturing
aspects of that knowledge, then the very act of gathering requirements needs to be understood as
an intervention in the organization. Last but not least, successful system development depends on
knowledge acquisition processes as a kind of “culture contact” to effect transfer of knowledge
between users and developers as distinct communities. Unfortunately, in too many instances this
transfer fails, leading to significant breakdowns in communication and process, and inscrutable
systems that solve the wrong problems.

Significant extensions to current approaches to knowledge acquisition are needed to address these
issues. For example, in large software projects in which systems must be built to interact with

I This document reflects a focus on technology development, in light of the intended primary audience. Our
main point of reference, and basis for experience, is software system development, which by its nature
involves particularly close interaction with work practices where knowledge is embedded in the way out-
lined here. While the points apply more generally, we are attempting to provide as concrete a context for dis-
cussion as possible.
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many legacy systems and work practices, comprehensive information about these interactions is
imperative for proper integration of the software. But few approaches to knowledge acquisition
are oriented specifically towards capturing the knowledge of users in technology-intensive envi-
ronments.

One area of the software engineering field that has recognized the role of knowledge acquisition is
in developing software for reuse. In this field, domain engineering refers to the analysis of a set
or class of systems in a given domain, in order to guide the design of reusable software for that
domain. Domain engineering presents two additional challenges for knowledge acquisition. First,
the need to study multiple systems and environments of use means that variability information
must be carefully managed. Second, in some respects domain engineering involves building soft-
ware components to be used by software developers themselves, and therefore requires the cap-
ture of their expertise. Therefore, in a domain engineering project, software technologists
themselves form one important practitioner setting that must be studied. Current approaches to
knowledge acquisition are not well suited to gathering knowledge from these types of practitio-
ners.

Systematic Knowledge Acquisition

The Canvas framework formalizes and clarifies a concept for systematic knowledge acquisition
broad enough to address some of the issues raised above. Systematic knowledge acquisition
involves repeatable procedures for making key decisions in planning and performing knowledge
acquisition, and for recording results of KA activities in a way that preserves essential contextual
information about the data acquired. A systematic approach to knowledge acquisition addresses
the following issues (among others):

* Sources of the information: Where did the information come from and how was it obtained?
Was there possible bias, misinterpretation or selective filtering on the part of the person who
provided, or who obtained, the information?

* Handling multiple information sources: What is the relative convergence or divergence of
opinion among the people providing information? Does this represent variance in opinion
and belief or legitimate variation in the phenomena described?

* Managing the data acquisition process: This includes issues such as budgeting resources for
data acquisition. Given scarce resources, unpredictability in accessing experts or the effort
required for specific sessions, what are the most important information sources to consult?
How do we know when we have acquired enough data? Handling of potentially sensitive or
proprietary data must also be considered.

* Access to the information. Who will be using the information gathered, and how? Are there
many audiences with differing perceptions about what the knowledge should be and how it
should be used? How can we help all of these audiences find the information they need?

By focusing on knowledge acquisition planning we have excluded much specific detail about how
to carry out knowledge acquisition activities such as interviewing or analysis. These are beyond
the scope of the current document, but might well be expected as part of a comprehensive method
for knowledge acquisition. The following section provides information on the project background
which clarifies the rationale for the specific focus chosen for this guidebook.
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2.2 Project Background

This guidebook is the result of a Defense Advanced Research Projects Agency (DARPA)-funded
task involving collaboration between the Software Technology for Adaptable Reliable Systems
(STARS) and the Health-care Information Infrastructure Program (HIIP) Programs. STARS par-
ticipating organizations included Lockheed Martin Tactical Defense Systems, Organon Motives,
Inc., and WPL Laboratories, Inc. HIIP participating organizations included ScenPro, Inc. and the
University of Texas/Arlington. The overall objective of the joint task was to develop a software
engineering method which integrates key elements of the STARS ODM and HIIP SEP methods.
These methods are described briefly below, followed by additional rationale and motivation for
the integration activity.

2.2.1 ODM Background

Organization Domain Modeling (ODM) is a method for domain engineering, a discipline which
extends conventional software engineering approaches by focusing explicitly on analysis across
multiple application contexts to support systematic reuse. ODM is a highly tailorable and config-
urable domain engineering method, useful for diverse organizations and domains, and amenable
to integration with a variety of software engineering processes and implementation technologies.
The method offers a systematic, exemplar-based approach to analysis of commonality and vari-
ability, addressing analysis of both legacy systems and requirements for new systems to derive
reusable assets focused within a domain. ODM grounds the domain modeling in the context of the
organization and the relevant stakeholders.

Key features of ODM include the following:

* In addition to focusing on the strictly technical aspects of domain engineering, ODM empha-
sizes analysis of the diverse stakeholders that form the organization context within which
each domain engineering effort is conducted.

* ODM provides systematic techniques for identifying and selecting highly focused domains of
strategic interest within larger business areas, and for incremental and iterative scoping to
mitigate risk and produce robust, coherent domain models.

* The ODM modeling life cycle details the transformation from descriptive modeling of legacy
systems, artifacts and experience to prescriptive specification of architecturally integrated
assets, designed for a well-scoped range of variability and characterized in terms of features
relevant to domain practitioners.

The resulting domain model offers a sound basis for making the design decisions and trade-
offs required to engineer reusable components that are robust, of high quality and intuitive.

ODM domain engineers study a carefully selected set of representative software systems within a
domain. ODM provides criteria for selecting from a wide variety of knowledge elicitation tech-
niques, including artifact analysis, interviewing of domain informants, and process observation.
This might include analysis of artifacts from across the software life cycle, as well as use of eth-
nographic techniques such as those described in [42] and [43] (e.g., to capture process knowledge
and undocumented “techlore” of application developers, users and other domain stakeholders).
The resulting data is formalized in a domain model which represents common and variant features
of systems in the domain. The process requires a unique mix of technical, conceptual and organi-
zational skills on the part of the domain modeler.

10
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Under funding by the DARPA STARS Program, ODM has been extensively documented in a
guidebook [49] as well as in shorter papers [38] [39]. The guidebook provides explanations of key
concepts, a formal process model (documented in IDEF, process modeling notation [21] [24]
[41]), work product descriptions and templates, and detailed, practical guidelines for domain
engineering projects.

2.2.2 SEP Background

The Scenario-based Engineering Process (SEP) [15] is a user-focused methodology for system
development. The methodology has been applied and is currently in use in various health care
programs, including the DARPA Trauma Care Information Management System (TCIMS) pro-
gram. SEP has strengths in engaging the user in all phases of a project, and benefits from a well-
structured approach to eliciting information. Utilizing scenarios as a means of engaging the user,
SEP defines a series of representations that incrementally increase the formality of the informa-
tion documented in order to provide effective transfer to technology developers. In terms of the
background presented in Section 2.1, SEP represents a major step in integrating a systematic
approach to knowledge acquisition into a technology life cycle which can span both conventional
and intelligent systems development.

As shown in Exhibit 1, SEP consists of three processes: knowledge acquisition (KA), knowledge
engineering (KE), and system engineering (SE), which form a well-defined semi-ordered set of
procedures. The result of a SEP process is the construction of a component-based architected sys-
tem.

'

KA Processes KE Processes SE Processes
User Needs I 1ly Devel
Elicitation Model and Analyze ncrementally Develop

Domain Organization |-g—p <—] Demonstrate

& Characterization Specify
Rapid ) Verify, Validate
Prototyping Synthesize and Certify

Exhibit 1. Scenario-based Engineering Process Overview

SEP has a number of objectives that distinguish it from other system development methodologies.
These objectives are to improve communications among project stakeholders, facilitate the
assignment of responsibilities, and maintain traceability within interdisciplinary system-in-the-
large development efforts.

In order to achieve these objectives, SEP focuses on scenarios for knowledge acquisition and val-
idation, iterative “build-a-little, test-a-little” prototyping, and a strategically planned incremental
development approach. For the purposes of knowledge acquisition, and hence for Canvas, SEP’s
focus on scenarios is of the greatest relevance.

11
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In SEP, a scenario is a single path through some work process, similar to case studies familiar
from medical practice. In fact, in the TCIMS project, where SEP was applied to a medical
domain, many of the scenarios read very much like case studies. Scenarios are the key compo-
nents driving communication and traceability in SEP. Scenarios participate in the SEP lifecycle at
several points. During knowledge acquisition, they are used to communicate with the prospective
users of the technology, to determine their requirements and derive system specifications. Filtered
and generalized scenarios result in task analyses, which, along with other knowledge acquisition
products, are used during knowledge engineering for object-oriented design and architecture syn-
thesis. Finally, the scenarios themselves are used again during testing and validation stages of sys-
tem engineering to evaluate the developed system.

The ramifications of using scenarios as the basis of the engineering process are subtle but impor-
tant. Scenarios are directly understandable to the prospective users, since they are simply records
of their experiences; on the other hand, the same scenarios can be used by system developers as an
“acid test” for software products, including specifications, requirements, and executing code.
Using the same scenarios throughout the process facilitates traceability of workproducts. Since
the scenarios are relevant to both the users and the developers (although in different capacities),
they foster communication between the two groups. As opposed to other descriptions of the work-
place (e.g., object descriptions, task structures, organizational charts etc.), scenarios provide
direct information about how the practitioners in some workplace interact with other practitioners
or systems, thus facilitating the identification of which practitioners or subsystems are responsible
for which actions.

This final point is a critical aspect of the underlying motivation for SEP. The SEP method fosters
the recognition that interactions of prospective users with their environment are flexible and
dynamic. Static generalizations that talk about these interactions are useful for specifying and
building systems, but in the final analysis, the systems must be responsive to the detailed, dynamic
nature of the interactions. By basing the process on scenarios, this accountability is retained, since
scenarios record interactions themselves in their raw form, without generalization. This ability to
attend to the interaction between the end users and their environment is a primary value that SEP
adds over other system development methodologies.

2.2.3 Relation of SEP and ODM to Canvas

Both the SEP and ODM methods are rooted in conventional software engineering approaches.
Each method has diverged from those conventional approaches in significant, although different,
ways which have made contributions to their respective areas. The methods also share many of the
same concerns and offer complementary perspectives on key software engineering problems.
There are thus substantial opportunities for synergy among the two methods. Exhibit 2 provides a
schematic illustration of the relation of each method to its primary context of application, and the
relationship between the two methods, as described in the following paragraphs.

As the SEP method summary above implies, SEP focuses primarily on engineering individual
systems. Although workproducts produced in developing each system may prove of value in
developing subsequent systems, the method does not emphasize multi-system analysis with the
explicit objective of developing components that can reused in multiple application contexts. In
contrast, ODM focuses explicitly on analysis of multiple systems to support systematic reuse.
While many domain engineering approaches emphasize exploitation of commonalities across sys-
tems, a key feature of the ODM domain engineering approach is its rigorous analysis of variabil-
ity across systems to support systematic management of alternatives within a domain. This
rigorous treatment of variability is a key differentiator of ODM, and a key factor that requires
extension of the SEP approach.

12
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Exhibit 2. Motivation for a Composite ODM/SEP Method

In comparing SEP and ODM,, it became clear that there were several areas in which the methods
complemented one another and could benefit synergistically from cross-fertilization. These
included modeling approaches and architectural concepts, among others. However, the area offer-
ing the richest integration opportunity was knowledge acquisition. Each method could benefit
from a knowledge acquisition approach that unified the SEP and ODM perspectives (e.g., single
system versus multi-system; domain practitioners versus application developers; scenarios/inter-
views versus artifact analysis.) It was from these insights that the Canvas approach was born.

Within their respective milieus (system and domain engineering), SEP and ODM both rely
heavily on knowledge acquisition and employ a variety of knowledge acquisition techniques. The
primary difference between the methods in this area is where knowledge acquisition techniques
are applied, and the preferred methods. SEP focuses primarily on acquiring knowledge about the
environment in which domain practitioners (i.e., end users) are practicing their craft. This is done
mainly through scenario-based interviewing and related techniques. Knowledge acquired in this
way helps system developers get an understanding of how work is done in that environment and
gain insights into how it can be better automated.

ODM places stronger emphasis on acquiring knowledge about the developers’ environment.
(Domain engineering has been characterized as capturing and codifying the expertise of applica-
tion developers in a given domain.) Because domain engineering is often performed in mature
domains where there are legacy systems available for study, ODM also places more attention on
the presence of technology in end-user environments. ODM also assumes that knowledge acquisi-
tion through interviews with practitioners (i.e., developers) will need to be augmented by analysis
of artifacts describing existing systems (or requirements for new systems) in the domain.

13
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2.3 Canvas Goals

Canvas has been specifically designed in response to knowledge acquisition needs perceived in
ODM and SEP. A number of knowledge acquisition methods satisfy many of these needs. We
have established the goals of Canvas to respond to those needs that, in our experience using these
two methods, have not been fully met or adequately treated by other approaches:

* Address the “cultural communication” aspects of knowledge acquisition explicitly in the
planning process. Both ODM and SEP pay particular attention to the interactions of prospec-
tive users within their environments, including interaction with automated systems and other
practitioners. This places specific demands on the knowledge acquisition process, in that it
must enable acquisition of knowledge about interactions among people with widely varying
work backgrounds and/or systems designed by such people. One goal of Canvas is to make
the study of interaction between different work settings central to the knowledge acquisition
process.

* Foster utilization of the full spectrum of available knowledge sources, by providing a frame-
work where different types of knowledge sources are considered as an integrated whole, not
as a grab-bag of distinct types of data. Our experience shows that different projects tend to
gravitate towards single modes of data collection, such as interviews, artifact analysis, or
facilitated group sessions. An interview-oriented project, for example, will use artifacts or
documentation more cautiously, as supplemental material or background briefings for inter-
viewers. There may be a sense that interviews yield the “real story” whereas only the official
story (policies, regulations, etc.) can be derived from documentary sources. Study of artifacts
could be used more effectively in these settings via walk-throughs, validation of interview
data, etc. In other contexts (e.g., some reuse efforts), there has been a tendency to under-uti-
lize observation or interviews with people in developers’ settings. Acquiring knowledge by
cross-checking informant interviews, analyzing artifacts, and directly observing work prac-
tice provides a richer set of data and more possibilities for robust validation.

* Emphasize legacy systems and anticipated new systems. In many environments introduction
of new systems or technologies must be preceded by some understanding of a large number
of existing “stovepipe” legacy systems. (This is particularly true, for example, in the DoD
arena.) Many of these stovepipe systems do not currently communicate or interoperate to an
acceptable level. Knowledge acquisition to support technology development in these environ-
ments must have systematic ways of accounting both for anticipated new systems and exist-
ing legacy systems in the environments studied. In domain engineering, study of legacy
systems is integral to the task, although the typical objectives are comparative analysis to sup-
port reengineering for reuse, rather than analysis to support introduction of new systems that
can interoperate with, link, or replace legacy systems. From the KA standpoint many of the
challenges are similar. A goal of Canvas is to extend traditional KA techniques to understand
the role of legacy systems when addressing issues of technology development and use.

* Validate/increase credibility of KA within technology community. An important lesson
learned in applying SEP is that system developers were not always convinced of the value of
knowledge acquisition results, nor of the benefits of performing knowledge acquisition in a
systematic way. We hope the Canvas approach will help demonstrate the importance of sys-
tematically planning and performing KA in order to meet system development objectives.

To meet these broad goals, the method integration effort addressed these specific objectives:

* Address acquisition of knowledge associated with legacy systems present in the practitioners’
work setting;

14
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* Address knowledge acquisition in technology development environments. Those who build
systems have a unique picture of the work domain in which the systems will operate. This
picture is distinct from the practitioners’ view, but it has a powerful effect on the kinds of sys-
tems built; also, once those systems are fielded, the developers’ picture will have powerful
impact on the work practice itself.

* Address the systematic handling of variability information in the knowledge acquisition pro-
cess.

* Generalize from the specific representation choices reflected in SEP (e.g., scenarios, task dia-
grams) and ODM (e.g., taxonomies for representing variability information) to a systematic
approach to selecting and characterizing the appropriate representations to use in given situa-
tions.

* Incorporate stakeholder analysis into the KA planning process to help ensure that the overall
knowledge transfer goals of the KA effort succeed.

* Investigate ways of rendering the knowledge acquisition planning and management process
more efficient with automated support capabilities.

Applicability of the Canvas Framework

The Canvas knowledge acquisition approach is based not only on study and comparison of the
SEP and ODM methods themselves, but on experiences gained by their application in a variety of
contexts. In recognition of these lessons learned, Canvas is intended to be usable in a number of
knowledge acquisition project contexts including but not limited to SEP and ODM efforts.

The first application is use of KA as an integral part of the software engineering life cycle. SEP
experience on TCIMS and related health care applications suggest that KA techniques have an
important contribution to make, even for systems with no significant AI component. KA tech-
niques and the later knowledge modeling stages that translate KA results into more formal seman-
tic representations provide a basis for more effective system requirements analysis. They can also
be used to suggest new potential areas for automated support (i.e., pre-system concept develop-
ment) and, at the back end of the process, can validate and evaluate use of a fielded system.

The second primary application of interest is use of KA techniques as part of domain engineering
to support systematic software reuse. While the SEP method has contributed a repertoire of spe-
cific KA techniques and representations, ODM has provided a broader conceptual framework that
encompasses a range of data sources, awareness of stakeholder issues in both the developer and
user environments, and management of variability.

In extending a KA planning framework to cover these two application contexts, we have of neces-
sity generalized it to accommodate other applications as well. Canvas principles (even though
derived from SEP and ODM) are applicable in many other contexts; this document therefore does
not assume that Canvas knowledge acquisition activities are taking place within a larger SEP- or
ODM-based effort. (The discussions in this guidebook do, however, presume an overall perspec-
tive relevant to software system developers.) We hope that a wide range of projects can benefit
from our integration of SEP and ODM experience and perspectives in the Canvas framework, by
making more effective use of systematic knowledge acquisition as an integral aspect of the
project.
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2.4 Validation through TCIMS Experience

In developing the Canvas method, we have drawn extensively on the project experience of SEP
method providers and other knowledge acquisition specialists in the Trauma Care Information
Management System (TCIMS) project. The following paragraphs provide some context for this
project, from which examples are cited throughout the guidebook, and explain how TCIMS expe-
rience was factored into the Canvas framework and this document.

TCIMS Project Background

The Trauma Care Information Management System (TCIMS) project is a two-year effort to dem-
onstrate radical improvements to the nation’s Trauma Care Information Infrastructure, both civil-
ian and military. A consortium of 13 organizations under DARPA guidance is designing, and will
demonstrate the benefits of, advanced computing and communications solutions to accomplish
this goal. In pursuit of this goal, the TCIMS project has the following objectives:

* The completed system will be commercially self-supporting. Consortium members intend to
develop and produce products that conform to the TCIMS reference architecture and are
commercially viable in both military and civilian use, both urban and rural.

* TCIMS will improve field trauma care by providing relevant medical and patient information
to field medical care providers, and transmitting patient data ahead to the hospital to mini-
mize delays in scheduling emergency facilities and resources.

* The TCIMS consortium will develop national-level trauma care information management
standards leading to rapid price reductions in the cost of such information and inter-operabil-
ity among all users and providers.

* The consortium is developing a TCIMS architecture to promote continuing trauma care sys-
tem development and innovation.

When medical care arrives at the scene of a medical trauma scene, a Personal Status Monitor
(PSM) might be attached to the ill or injured person to sense their condition. In a military environ-
ment, each patient is expected to have an identification and information card such as the AT&T
“Smart Card,” which provides patient identification and a minimal medical history. The PSM will
have a micro controller/memory module and a communication scheme. It will monitor the
patient’s vital signs and location, and will give an alert if the patient’s condition becomes critical.
The PSM is being developed by another DARPA program.

PSM and Smart Card data would be read by a Field Medic Associate (FMA) computer carried by
the medic, which will provide a multimedia display of patient information. Voice command is
among the interfaces being considered to input information to the computer. The Field Medic
Associate will also provide the field medic with access to clinical knowledge, information, and
advice needed to treat each patient. The FMA will allow the medic to gain on-line information
about resource and facility availability. The individual Field Medic Associates will feed informa-
tion into a Field Medic Coordinator computer, which will give a situation overview for crisis man-
agers and aid in focusing attention on the most critical patients.

The Field Medic Coordinator computer will in turn feed information into the trauma center’s

Trauma Center Coordinator computer in the Clinical Workstation System, so that a complete and
current case history on each patient will be built at the hospital even as the patient is being treated
in the field. That history will follow the patient through the trauma care system. The Trauma Cen-
ter Coordinator will provide rapid, complete information to the Patient Care Units and to portable
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Trauma Care Associate computers carried by care providers in the hospital. The entire TCIMS
will allow direct communication among medical decision-makers.

TCIMS will, therefore, provide rapid treatment procedures to help the medic make treatment deci-
sions in complex and confused situations. The medical center will have access to on-line patient
records, including x-rays and other test results. TCIMS will reduce time to treatment, will bring
knowledge and information to decision-makers, will increase ratio of treatment to processing, and
will reduce overall patient processing time. Finally, TCIMS will link clinical, tactical, and strate-
gic planning and management.

Role of TCIMS data in preparing this guidebook

In the process of developing Canvas, the authors studied the TCIMS Knowledge Acquisition Plan
for TCIMS in detail and debriefed Lisa Mantock, one of the project’s lead knowledge acquisition
specialists, on the planning process. We also observed a TCIMS-related interview session with a
helicopter pilot involved in medical emergency transport, and worked with scenario data, domain
models represented in the Loom knowledge representation system, and an on-line repository of
TCIMS knowledge acquisition data (SEPWeb). Most of these materials are proprietary to the
TCIMS consortium members and thus have not been cited in the Bibliography section or included
directly in examples within the text. Nevertheless, the material provided one extensive data point
for the framework and related recommendations offered in this guidebook.

The TCIMS project represented a large-scale knowledge acquisition effort within an even larger,
complex consortium of technology developers and researchers. As such, it provided an extremely
rich case study. It is worth noting a few aspects of the overall technology goals that made a knowl-
edge acquisition approach particularly valuable. Although not an expert system project per se, a
large motivation of the TCIMS effort was to introduce technology that would make detailed med-
ical knowledge available via the system to assist practitioners and decision-makers in the field. In
addition, the nature of the trauma care domain highlights the importance of communication and
collaboration scenarios involving high-context knowledge on the part of the actors. The opportu-
nity to incorporate lessons learned from the extensive KA work undertaken as part of the TCIMS
project has enriched the Canvas framework and ensured that it is grounded in experience in (at
least) health-care related domains.

2.5 Additional Validation

After completion of Version 1.0 of this document, some additional experience was gained work-
ing with the ideas in Canvas. Lockheed Martin and Organon Motives staff conducted a brief trial
application of the Canvas planning process. In addition, Organon Motives created training materi-
als based on key Canvas concepts and worked with a commercial customer developing software
for the higher education administration market. We had the opportunity to work with customer
staff who had been conducting a series of knowledge acquisition sessions as part of the overall
product development effort. In addition, training was delivered to the “customer’s customer”, an
in-house team at a higher education facility that intended to conduct some knowledge acquisition
sessions as an internal effort. In the latter case, the trainees were not software engineers by back-
ground.

Unfortunately, the results of these applications of Canvas were not available for direct incorpora-
tion into this revision. Some individual insights are reflected in modifications or extensions, but
are not specially indicated. In addition, this additional experience aided us in weaving many indi-
vidual themes introduced in the earlier version into a more integrated approach. We hope to vali-
date this material more extensively in the future and to continue to apply it.
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In addition to these applications, Jim Solderitsch of WPL Laboratories used the archiving tool
OpenRLF [50] to create an on-line index of publicly available TCIMS knowledge acquisition
materials. The Canvas recommendations for building such an index (on which this effort was
loosely based), as well as a more complete description of the on-line index, can be found in
Section 6.0.
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3.0 Canvas Core Concepts

This section introduces core concepts necessary to understand the Canvas framework for planning
and managing the knowledge acquisition (KA process). Section 3.1 provides an explicit set of
defining features for the general phenomenon we call knowledge acquisition. Section 3.2 intro-
duces the key elements of the knowledge acquisition “canvas” as a central metaphor for the
approach in this guidebook. Section 3.3 extends this basic framework to address issues central to
addressing the Canvas goals of providing a systematic approach to knowledge acquisition that is
to be integrated with system or domain engineering projects. These issues include knowledge
acquisition in technology-intensive settings, management of variability, and dealing with the
dynamics of KA as organizational intervention.

The core concepts introduced in this section will become the essential building blocks used in cre-
ating a systematic plan for the knowledge acquisition aspects of a project. We use the term knowl-
edge acquisition enterprise to refer to a knowledge acquisition effort coordinated with a
systematic plan of this kind. Section 4.0 lays out the structure of such a plan and recommended
steps for its creation and ongoing maintenance.

3.1 What is Knowledge Acquisition?

We view knowledge acquisition as a special case of a much broader area of human activity we
will refer to simply as knowledge creation, activities that result in new knowledge being created.
Individual learning, formal teaching, process capture, research, and knowledge acquisition or KA
(the focus of this document) are all forms of knowledge creation. This document presents a partic-
ular approach to KA, the Canvas approach, which places emphasis on certain types of settings in
which KA can be performed and a core set of concepts to consider in performing KA. The general
relationships between these areas is depicted in Exhibit 3.
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Exhibit 3. KA as a Special Type of Knowledge Creation

The following sub-sections elaborate our provisional definition of knowledge acquisition (KA):

* A central set of concepts necessary to differentiate KA from these other forms of knowledge
creation involves the notion of a community of practice, outlined in Section 3.1.1;

* Section 3.1.2 builds on these concepts to outline the defining features of KA;
* Section 3.1.3 introduces the distinct community of practice roles that characterize the KA

process;
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* Section 3.1.4 provides an overview of the different forms of knowledge elicitation used
within KA;

* Section 3.1.5 clarifies the distinctive aspects of KA by comparing it to other, more familiar
forms of knowledge creation; and

* Section 3.1.6 introduces some high-level “modes” of KA in terms of the primary objectives
of the activity and audience for the workproducts produced.

3.1.1 Communities of Practice

We will use the general term work setting (or simply setting) to denote any environment where
people interact with each other and perform work processes. Consider, for example, the setting of
an emergency room at an urban hospital. Events occur in the work setting; some are anomalous
and have little to do with the nature of the work being performed (e.g., a power outage); other
events are routine or recurring processes essential to the overall mission of the work performed in
the setting (e.g., taking a patient’s information, checking insurance coverage, informing doctors of
patient status, administering treatment).

A variety of people move into and out of the setting as participants or performers in events. Some
of these people, such as the patients and family or friends that accompany them, may enter the set-
ting for a specific event, and may know much or little about the work going on in the setting. But
in almost all work settings (or, more descriptively, work practice settings) a specific set of people,
termed practitioners, have ongoing roles within the setting. The notion of a work practice setting
thus implies a certain stability, in that the same practitioners work together on a routine or regular
basis, performing the essential processes of the setting.

For the purposes of our focus on knowledge acquisition, it is this work practice and not merely
the work processes per se that are of interest. The reason is that knowledge is created through
repeated performance of tasks, experience of classes of events, and through interactions with
other people. Although a rigorous, formal definition of “knowledge” (as opposed to data or expe-
rience) is not necessary to establish these core concepts, we are interested in these aspects of
knowledge:

* Much of our knowledge is created, and embedded, in action. Therefore, people cannot always
articulate their knowledge verbally and out of the context of the work being performed. A
nurse that has taken blood pressure hundreds of times may not accurately report what s/he
actually does in the process; s/he may instead report the “official” routine that is to be fol-
lowed. Some observation, or other techniques to place the knowledge in the context of action,
may be necessary to effectively elicit accurate and complete knowledge.

* Much knowledge is informal or tacit in nature. “We know more than we know that we know.”
Tacit knowledge is what allows work practice settings to operate efficiently; people do not
have to continually re-establish context among themselves as they perform their tasks. But
this very tacitness which creates efficiency and “seamlessness” in the work process can create
challenges in eliciting knowledge and transferring it to others that are not practitioners.

* Much knowledge is socially constructed and maintained. Since we collaborate in work prac-
tice settings, not all the knowledge important to effective performance is held by a single
individual; some is held in the learned and practiced interactions between performers. This
kind of knowledge may also be elicited (or at least identified) by observation, or by situations
where people reflect in group settings on their practices.
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We use the term community of practice to encompass both the community of practitioners (the
individuals involved) with their work and associated social interactions, and the knowledge that is
held by that community, individually and collaboratively, explicitly and tacitly, accessible in for-
mal concepts and descriptions or embedded in action. (Often in this document, we will refer to
communities of practice simply as communities, where the context makes the usage clear.)

Communities of practice are ways of grouping people that share language, experiences, common
settings of action, social interaction, technical knowledge, and strategic interests. Members of a
community of practice can effectively exchange information that depends on a high level of
shared and assumed context. The concept implies that people from outside the community will
have difficulty in utilizing the same information in the same way, participating in key activities
that define membership, or in properly interpreting workproducts used in community settings.

Communities of practice are related to, yet independent of, specific work settings. A given work
setting may reflect the interaction of multiple communities of practice (the doctors, transport per-
sonnel, administrative staff working together in the emergency room setting); and communities of
practice may span numerous work settings (doctors have shared practice in emergency rooms,
surgery, hospital staff meetings, etc.) The notion of a community of practice also has some obvi-
ous overlap with what might be termed general corporate or organizational culture. Groups of
people working together in organizations do form cultural norms and customs. However, the
emphasis here is on social interactions and broader cultural issues only insofar as they affect
where and how knowledge is created, shared and transferred.

3.1.2 Defining Features of KA

Our definition of knowledge acquisition builds directly on the community of practice concept. We
are particularly interested in knowledge embedded in a community of practice; that is, knowledge
tightly interwoven with action, hidden behind tacit or unarticulated assumptions, or maintained
through collaborative as well as individual practice. Although we deliberately leave the base term
“knowledge” itself undefined in our lexicon, the approach here is roughly aligned with the con-
cepts of knowledge and learning from the “learning organization” field; i.e., knowledge as the
capacity for effective action in a given domain, where effectiveness is assessed by a community of
practitioners (see [34], [20]).

Since this kind of knowledge is often transferred informally to new practitioners (e.g., through
apprenticeship), problems arise in attempting to transfer such knowledge to new work settings.
Many formal processes and techniques in knowledge acquisition are designed to deal with this
specific set of challenges. The Canvas approach builds on and elaborates these approaches to KA,
and extends them to accommodate special requirements of KA for system and domain engineer-
ing. In particular, a community-of-practice perspective can greatly enrich techniques for knowl-
edge acquisition to support technology development and adoption goals. This is discussed further
in Section 3.3.2.

Within a community of practice, we can distinguish three levels of “knowledge” work:

1) routine work activities performed by individuals and collaborating groups of practitioners;

2) knowledge transfer and propagation activities: training new people to be practitioners,
exchanging knowledge among experienced practitioners, renewing and improving skills and
practices, veteran practitioners codifying their knowledge;

3) activities that create new knowledge: observations leading to experiment, trials of new meth-
ods, formal research, etc.
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Every community of practice has established procedures and conventions for each of these levels.
In the medical field, routine work activities might involve many kinds of data-gathering: intake
personnel gather initial patient data; nurses and doctors take more detailed patient histories;
patients are informed (to varying degrees) about relevant conditions, given instructions on how
and why to take medications or to follow procedures, etc. In terms of knowledge transfer, there
are established procedures for education, apprenticeship, internship, coaching and supervision.
Knowledge creation activities involve substantial ongoing research initiatives, publications, etc.
Established “knowledge work” processes can exist, not only within, but also between and among
communities of practice. For example, the medical field has a variety of ways of providing educa-
tion to the general population. This represents knowledge transfer across distinct communities.

For the purposes of this document, we characterize knowledge acquisition (hereafter abbreviated
as KA) as a knowledge creation process that makes a shift or intervention in the established sys-
tems for knowledge deployment, transfer, or creation within one or more communities of practice.
This intervention can occur in one or both of these ways:

* A process that shifts knowledge from the status of tacit or embedded knowledge to that of
codified knowledge, and/or

* A process that transfers knowledge to new communities of practice.

To qualify as KA, the activity must be recognized as distinct from the processes at any of the three
levels of knowledge work outlined above, from the perspective of members of the community of
practice itself. That is, we define “intervention” as socially constructed: i.e., if the community in
question interprets the results as a change to the knowledge transfer systems in place prior to the
KA initiative. In the first case, this can happen because the codification of the knowledge makes it
amenable to new mechanisms for knowledge transfer. In the second case, transfer to a new com-
munity of practice (as opposed to an individual) means that the knowledge has been re-cast in a
way that opens up new possibilities for knowledge transfer.

Thus, KA represents a kind of “second-order” learning on the part of one or more communities of
practice. The focus of interest is on knowledge created and maintained within a community; the
goal is to codify such knowledge in a new way that facilitates its transfer to multiple members of
a distinct target community, on an ongoing basis.

3.1.3 Community of Practice Roles in KA

Our definition suggests that there may be one or many communities of practice involved in a KA
effort. It will be helpful, however, to distinguish three distinct roles played by communities of
practice: focus, investigator, and target communities:

* The focus community is the community of practice which holds some knowledge that is the
focus of interest for the KA effort.

* This knowledge is of interest to some stakeholders in the farget community.

* An individual or team from the investigator community is directly responsible for carrying
out the KA activities to effect the knowledge transfer from focus to target communities.

A single community may play one or more of these roles, and multiple communities may play a
similar role. In particular the target community might be the focus or the investigator community,
or perhaps a third distinct community. Relations between these communities are discussed in
more detail in Section 3.1.6. The important concept here are the distinct roles played by each
community.
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Three distinct elements qualify a process as knowledge acquisition; the knowledge must be elic-
ited, codified and transferred.

* Knowledge is elicited from a knowledge source drawn from the focus community. This elici-
tation process involves the active participation of a practitioner from the investigator commu-
nity, an investigator. After elicitation, some knowledge is available to the investigator that
was not available before elicitation. The elicitation process involves interaction between the
focus and investigator communities.

* In the next phase, some of this elicited knowledge is codified in a knowledge acquisition
workproduct. Codification may involve a number of processes, such as refining the docu-
mented knowledge from informal to formal representations, or synthesizing and summarizing
knowledge from a variety of sources. This codification is a primary responsibility of the
investigator community. It is important to note, however, that distinguishing elicitation and
codification as separate processes does not rule out their taking place in a unified way. Elici-
tation and codification may co-occur as a collaboration between knowledge source and
investigator; in fact, many aspects of the Canvas approach are oriented towards encouraging
and facilitating this collaborative form of knowledge acquisition.

* In the final phase of the KA cycle, codified knowledge is transferred to some members of the
target community. This phase involves active participation of members of the target commu-
nity. It may involve direct contact between investigators and the target community, but the
transfer is more than just individual to individual. It is the transfer of codified knowledge that
completes the KA cycle, not merely transfer of knowledge that may have been acquired by
the investigator during the elicitation process as individual learning.

3.1.4 Forms of Knowledge Elicitation

Given the elements introduced so far, we can usefully distinguish several forms of knowledge
elicitation, each introducing different variables and issues that need to be considered in the plan-
ning process. As mentioned above, knowledge elicitation involves interaction between investiga-
tor and knowledge source. A knowledge acquisition session is an elicitation activity that involves
at least one investigator and at least one knowledge source.

* A person serving the role of knowledge source in a KA session is termed an informant. Typ-
ically an informant is a practitioner in the focus community. Knowledge can be elicited from
informants in a variety of ways, including one-on-one face-to-face interviews, facilitated
group sessions, walk-throughs and demonstrations within the workplace, solicited input via
surveys, etc.

* A document or other workproduct, created within and for use in a work setting of the focus
community, but serving as the knowledge source in a KA session, is termed an artifact. Since
we are particularly interested in knowledge that is tacitly embedded in the focus community,
the artifact should play a distinct role in the focus community. For example, investigators
might read a user manual, a field report, an article in a newspaper, etc.

Investigators can also directly observe or participate in work processes in a setting of the focus
community. Observation is particularly useful as a cross-check of the other two forms of elicita-
tion, in settings where there are few artifacts to study, or where informants cannot easily articulate
the nature of their work. Also, one brief observation very early in the KA planning process can be
extremely helpful in planning what artifacts to study, who to interview and how to interview
them.The fundamental types of sessions are thus studies of artifacts, interactions with informants,
and observations of events or work processes in focus community settings. (These are provisional
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distinctions; there are clearly ways of gathering information that constitute borderline cases, e.g.,
observing a practitioner interacting with a system.)

Because we have defined KA as an intervention in the focus community’s established patterns of
knowledge work, a KA session is distinct from a normal work process taking place in a focus
community setting. When a person acts as an informant, they are performing a different role, in a
different setting, than their customary role as practitioner. Similarly, use of a workproduct from
the focus community as an artifact is different from the original purpose for which the workprod-
uct was created; it is being studied in a different context, the knowledge acquisition context. When
an investigator observes events in a work setting, the setting doubles as a work practice setting and
the setting for what is effectively a KA session. This usually changes the dynamics of what hap-
pens in the setting.

To qualify as knowledge elicitation, a session must result in the investigator gaining some know!-
edge about topics of interest and codifying this knowledge in some form; thus some knowledge
acquisition workproduct is created as a result of (possibly during) each session. Every KA work-
product created in this way has an intended audience for whom it is intended within some specific
community of practice. The workproduct may be further refined in later sessions, in this case the
workproduct may indirectly play the role of the knowledge source for those sessions.

Most KA workproducts that are in final codified form will have the target community as audience.
Knowledge has been effectively codified with respect to the target community when it has been
documented in a workproduct with that community as audience, and if members of its intended
audience can acquire the knowledge by examining (reading, viewing, running, etc.) the workprod-
uct. KA workproducts can also be created with an intended audience of the focus community
(e.g., for validation) or the investigator community (e.g., coordinated knowledge sharing within
the KA investigator team).

3.1.5 Distinctive Aspects of KA

Having presented the defining elements of the KA process, it may be helpful to examine how KA
activities would be distinguished from a number of the other modes of learning or knowledge
work discussed above.

It is helpful to keep these distinctions in mind for several reasons. It helps clarify the intended
scope of the planning approach provided here. It also identifies a number of associated processes
that do take place along with the primary KA processes of elicitation, codification and transfer,
hence must be anticipated and handled by the planning and management process. In addition,
since KA activities are not part of the normal course of events within a work setting, practitioners
will attempt to understand the KA process in terms with which they are familiar. For example, a
KA interview might be interpreted by an informant as “teaching the interviewer how to do it”.
Understanding the relationships, and distinctions, between KA and these related forms of knowl-
edge creation will help, therefore, in determining how to best present and characterize the KA
effort within the focus community.

To provide context for the discussion, we return to the example hospital emergency room setting.

* Information Transfer. Within a work practice setting, people routinely exchange information
in order to get their jobs done. For example, hospital administrative staff request information
from incoming patients. Here, information is transferred between participants in the work set-
ting to facilitate the routine work activities that are the focus of that setting. Such information
transfer fails to qualify as KA because it is confined within a single work setting, and because
the transfer is considered part of the routine practice in that setting.
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* Experience. As people perform repeated tasks in a given work setting, they gain experience
with that work. Exposure to repeated situations and variations in the conditions encountered
increases their competence over time. For example, a nurse may learn from experience a vari-
ety of techniques for administering shots to patients who exhibit fear of injections. Though
they are “acquiring knowledge” through experience this kind of learning is also, strictly
speaking, out of the scope of knowledge acquisition as we define it here. Such experience has
not yet been rendered transferable to others through codification.

* Reflection. As people gain experience, they often actively reflect on that experience and cre-
ate new knowledge through this process of reflection. The reflective person gains knowledge
through an activity that is often not part of the normal work practice, involving remembering
and reviewing activities outside of the work context, or just a brief period of “staring out the
window” time. For example, a nurse may reflect on techniques for calming patients by com-
paring what seems to have worked for children vs. adults, men vs. women, etc. Reflection
does not yet qualify as KA, since the knowledge has not been transferred, nor even, more
importantly, rendered more transferable. The new knowledge still affects the individual, not
their overall community of practice. No attempt has been made to cross from one community
of practice to another.

* Teaching/Learning. The processes described above—work practice, repeated experience,
reflection, codification—are all aspects of individual learning. When new people are brought
into a work practice setting, they generally go through an extensive learning process to
become effective practitioners. Knowledge can thus be effectively transferred from individual
to individual. For example, suppose our nurse is given the job of “breaking in” newly hired
nurse trainees, and begins routinely coaching them on the fine points of calming down fearful
patients before injections.

This is a classic example of how knowledge is transferred informally within a community of
practice. It does not yet constitute KA; in this case, the individual nurse must transmit the
knowledge directly. Transfer of knowledge from an individual, as an individual, is a form of
teaching but not knowledge acquisition per se. In a complementary sense, knowledge trans-
ferred to an individual could be considered learning on the part of that individual but not
knowledge acquisition per se.

* Writing Down. As reflection and experience become more formal people may write down or
codify their knowledge. The act of “writing it down” is an essential element of knowledge
creation. Codification could involve something as simple as a checklist of items to remember
each time a process is performed, something more formal such as a procedures manual, or the
automation of the process through a software application. For example, suppose our thought-
ful nurse creates a “Helpful Hints for Patients Who Hate Shots” checklist.

The more a work environment encourages reflection, codification and sharing of knowledge
among co-workers (i.e., the more the environment takes on the culture of a learning organiza-
tion ([34], [31]), the easier it will be to shift tacit and informal knowledge to codified knowl-
edge that is more easily transferred. Nevertheless, whether the write-up is intended for
personal use, or for the use of professional colleagues within the same community of prac-
tice, the activity does not yet involve KA, since no effort has been made to transfer from one
community to another. Since readers are being brought into the same community of practice
as the codifiers, no cross-community transfer occurs. (Explicit attempts to write up material
for other work settings may begin to take on some aspects of knowledge acquisition.)

* Transfer within a Community of Practice. Word gets around about our nurse’s highly effec-
tive “bedside manner” and requests for training from other parts of the hospital staff are
received. The checklist becomes a more formal training module of an orientation course for
new nursing staff. From the standpoint of our framework, this does not yet constitute KA
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because the forms of knowledge transfer are still those pre-existing in the community of prac-
tice; the target community is still that of practitioners (although novices) within the work set-
ting. The knowledge has not been made available to a new community of practice.

® Research. A staff psychologist gets interested in the nurse’s techniques, and obtains a grant to
run a series of experiments to test a variety of techniques on different types of patients. The
result of this research is new knowledge that was not previously available within the commu-
nity of practice. Curiously, this activity would not fit within our framework of KA because it
has the express purpose of creating new knowledge rather than eliciting knowledge that is
already present (if tacit, or embedded) in the community of practice.

* Transfer to an individual in another community of practice. If an interested party from some
other community of practice reads a book that is accepted as an authoritative source, and
learns these ideas, then knowledge has been transferred from one community to another. This
activity is commonly mistaken for KA; however, the ideas have not been made more accessi-
ble to the new community in general, only to a single member of that community. A similar
situation holds if the interested party talks to the expert or attends a lecture, and thereby
learns the ideas. Personal transfer can be made by pursuing a personal change to a single
member of the community; transfer to an entire community involves finding a way to present
the knowledge in a way that is accessible to members of the new community in general. If the
interested party accomplishes this, then knowledge acquisition has indeed occurred.

Each of these learning or knowledge creation activities is certainly valid and useful in its own
right. In saying the activities do not fit within the Canvas framework for KA we imply only that
this framework is not targeted towards management of these types of activities: i.e., they may not
require all elements of the Canvas planning approach, and may require other elements not
addressed here. Many of the core concepts presented here might still be useful in improving these
knowledge creation activities. (For example, the nurse might benefit from knowledge of KA tech-
niques in first interviewing patients about their past experience with injections.) But these are
incidental to the main focus of the approach.

Let us consider a few possible scenarios, given the example traced above, that would constitute a
knowledge acquisition situation in the Canvas sense:

1) At the urging of the staff psychologist, a staff specialist in the new field of “Medical Ethnog-
raphy” has just been hired at the hospital. Hearing about our now-famous nurse, the specialist
gets a grant funded to do a comparative study of the way that a representative sampling of
experienced nurses at different hospitals administer injections. The research includes in-
depth interviews where nurses are asked to describe their procedures, the rationale for their
use of different techniques, and their ways of classifying patients with respect to predicted
reactions to the injection procedure. The research also includes examination of written proce-
dures and regulations, some direct observation and videotaping of nurses giving injections,
and comparison of reported to observed procedures.

2) Inafollow-on study, a sampling of patients are interviewed about their past experiences with
nursing staff administering injections. Some interviews are coordinated with observations
from the previous study. The study focuses on patients who have required frequent adminis-
tered injections from many health care providers. For various reasons, children below the age
of twelve are not interviewed directly; their parents are asked questions about reactions they
have observed.

3) A medical technology company is developing a machine that will be able to automate certain

aspects of injections in the hospital setting. Results of the former studies are made available;
but it is determined that additional information would be necessary to appropriately identify
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requirements and potential risks of the envisioned technology. This leads to the initiation of a
more extensive information-gathering effort which includes interviewing nurses about their
experiences with other technology that has replaced manual procedures, their concerns and
their suggestions for the proposed technology.

What are the aspects of these scenarios that constitute KA in terms of the definitions previously
provided? There are a number of points worth noting:

* Scenario 1 is oriented toward collecting knowledge from a distinct group of practitioners. The
nurses interviewed are informants because their information reflects more than their individ-
ual knowledge. They are interviewed as representatives of their community of practice. If the
focus of a knowledge transfer process is a single individual’s specialized knowledge, that pro-
cess need not involve issues of the individual considered as an informant with respect to a
given community of practice. An informant has a unique history and range of experience with
respect to the settings within which the knowledge of interest is created, and participates in a
web of relationships with other members of the community. Furthermore, the KA process
intervenes in the community (at least indirectly) through the sessions involving the informant.

* Furthermore, the objective is to capture and organize the nurses’ existing knowledge. If they
are interviewed in groups, or get to see results of other interviews, or reflect on their own
practice in new ways as a result of the interviews, they may obtain new insights about their
own knowledge in this topic area. But the design of the project is not oriented toward this as
the primary goal.

* Scenario 2 may at first appear to be about gathering “experience reports” rather than knowl-
edge per se. However, since knowledge is created from repeated and comparative experience,
patients who have received many injections have a unique perspective to offer on the same
activity. They may classify health care providers according to differences in their “bedside
manner” (e.g., brusque, informative, sympathetic) just as the nurses classified patients’ reac-
tions. This is a dramatic example of why we prefer the term “informant” to the term “expert”
or “domain expert” prevalent in knowledge acquisition performed within an expert systems
development context. Not all informants need be those labelled as “experts” within a given
community of practice. In fact, informants need not even be the practitioners in the work set-
ting, if other participants have a basis for knowledge that could be acquired and usefully
deployed.

* Scenario 3 points out the importance of the topic of interest as a key element of a knowledge
acquisition effort. The earlier studies had the objective of improving work practice in the hos-
pital environment by disseminating “best practice” in a more systematic way. The technology
development effort had different objectives, hence needed to elicit knowledge from the same
community of practice (nurses) about different topic areas (experience with other technology
in the workplace).

A few other points are worth noting. The scenarios demonstrate the role of informants, artifacts,
and observation of work practice, and strategies for using these various modes of knowledge elic-
itation to cross-check and validate each other. The scenarios also demonstrate that the investiga-
tors play the role of a distinct community in the KA effort. Unlike the informants, their role is not
predicated on their detailed knowledge of the topic of interest; however, they are expected to
know something about the knowledge acquisition process (e.g., research protocols).

Finally, the scenarios demonstrate the two types of interventions that we claim characterize a KA
effort. Scenarios 1 and 2 could both be considered interventions in the mechanisms of knowledge
transfer within a given community of practice (the hospital environment); Scenario 3 represents
the need to make a body of knowledge accessible and transferable to a different community of
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practice. The objective in this case is not to train software developers how to administer injec-
tions, but to aid them in designing a system that will automate certain aspects of that process in a
way useful to practitioners. Section 3.3.2 will further explore the idea that software technology
always represents, to some extent, a way of codifying practice within a given work setting; hence,
that a KA process is inherent, if often implicit, in the software development life cycle.

3.1.6 Knowledge Transfer Modes

Given the definition of KA above, we can identify several distinct knowledge transfer modes or
patterns of knowledge acquisition. Each transfer mode corresponds to one of the three basic con-
figurations of the knowledge acquisition process shown in Exhibit 4. In all three configurations,
the elicitation process involves the focus community as a knowledge source and depends on codi-
fication performed by the investigator community. Each configuration can be varied by introduc-
ing multiple instances of any or all the community roles. The configurations differ based on the
intended target community:

elicitation

Focus , Investigator
community community

a:
codification
elicitation
b: Focus , Investigator
. community community

' codification

Focus Target
community community

c elicitation codification

Investigator
community

Exhibit 4. Basic KA Interactions among Communities of Practice

* Configuration A: Target community is the focus community. In this case the primary benefi-
ciaries of the codified knowledge are the practitioners in the focus community. Many commu-
nities perform this function through their own research; in this KA configuration, an external
(or at ]east distinct) investigator community brings experience in knowledge organization to
such a collaboration. Often the purpose is to create a basis for sharing knowledge across mul-
tiple sub-communities within the focus community as a whole. For example, KA can serve to
clarify and standardize knowledge within a professional community; e.g., a medical database,
designed to allow doctors from one specialty to access new results from a related specialty.
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* Configuration B: Target community is the investigator community. One common objective of
knowledge acquisition is when one community studies another. The knowledge acquisition
effort results in increased understanding for members of the investigator community. Aca-
demic studies of a work practice are the classic example of this mode of knowledge acquisi-
tion; the investigators are the primary stakeholders in acquiring the knowledge (e.g., to
complete a dissertation and obtain a degree).

* Configuration B: Target community is a third, separate community of practice. In this case,
the target community for the workproducts is distinct from both focus and investigator com-
munities; thus, the knowledge acquisition effort, and in particular the investigator commu-
nity, plays an intermediary, “bridging” role between the focus and target communities. Often,
the investigator community includes practitioners with backgrounds from both the focus and
target communities, which makes them particularly adept at “bridging the gap.” The TCIMS
project was organized in this way, with a separate team whose responsibilities were focused
on knowledge acquisition.

These configurations do not exhaust the possible KA modes but they provide a starting set for
consideration. They also serve as a checklist of the range of stakeholder interests that should be
considered in any large KA effort. They can be applied not only to the overall goals of a KA effort
but also to the specific audience for any given KA workproduct. In this regard, they are useful in
identifying cases where a single workproduct is expected to meet the needs of multiple audiences
that may have conflicting representation requirements and interests in the codified knowledge. A
common risk in planning a knowledge acquisition effort is to lose track of the intended audience
for a particular KA workproduct, or to assume that a single representation will be able to serve
multiple needs for multiple audiences.

Configuration A (focus community as target, or audience) will apply to any workproduct that
needs to be validated by informants, or by other practitioners within the focus community. How-
ever, the same knowledge might also need to be represented in a form that will serve the needs of
system builders developing technology for the focus community. Reconciling the needs for codifi-
cation formats that are amenable to validation, yet still contribute to the formalization of the
knowledge, is a central issue in KA.

In addition, the even when the codified knowledge is intended for other target communities the
impact of the knowledge on the focus community must be considered. Whenever elicited knowl-
edge is recorded or codified in a way intended to facilitate review and validation of that data by
informants in the focus community, that information will be of potential direct interest to those
informants, as practitioners, beyond its validation for use by other communities.

Similarly, Configuration B (investigator community as target) highlights the fact that the investi-
gators will often have at least a partial interest in directly acquiring, not merely transferring,
knowledge in the areas of focus. Configuration C (distinct target community) emphasizes the fact
that, regardless of the immediate target community for a KA effort, the fact that knowledge has
been codified renders it more amenable to broader dissemination. This fact can be both an incen-
tive and a barrier or cause for concern, if the knowledge involved is proprietary, classified or oth-
erwise sensitive.

In Section 4.0 we will see how to combine these modes of knowledge acquisition in a plan for a
realistic, comprehensive knowledge acquisition effort.
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3.2 The Knowledge Acquisition “Canvas”

In the preceding section we introduced the core elements of the knowledge acquisition process
and characterized the process with respect to related forms of learning and knowledge creation. In
this section we place these elements in the context of the overall Canvas framework which
describes their relationships and supports systematic planning of large-scale KA efforts.

The name Canvas is intended to suggest a “weaving” metaphor. Each element of the knowledge
acquisition process — investigator, informant, artifact — changes throughout the KA process.
The lifecycle of each elements can be viewed as a a thread weaving through the overall KA pro-
cess. Each KA session, be it an interaction between an investigator and one or more informants, or
a study of an artifact, represents the convergence of several threads. The element tracked by each
thread is transformed in some definable ways as a result of the session, and carries these changes
forward to the next intersection with other threads in subsequent sessions. The following subsec-
tions will describe each of the different types of threads in detail:

* Section 3.2.1 introduces the basic elements of the framework;
¢ Section 3.2.2 shows how the elements combine in a KA session; and

¢ Section 3.2.3 integrates elements and sessions by describing the different threads that can be
identified for each element, and how each thread unfolds in a series or sequence of sessions.

The resulting framework provides a basis for considering a broad range of knowledge acquisition
situations. The framework can be used as an extensive checklist of critical issues to be considered
in planning and managing a knowledge acquisition effort. However, not all KA efforts require a
process that takes all these elements into account. Section 3.3 both extends and focuses the frame-
work to address the intended scope for this document in more detail. Section 4.0 then introduces
the notion of the knowledge acquisition enterprise, a high-level planning infrastructure that assists
planners in tracking the progress of various threads through their lifecycle; assessing the impact of
specific planning decisions on multiple threads; determining what changes need to be kept track
of, and what to expect of a session in which several threads are brought together.

3.2.1 Basic Elements

In this sub-section we introduce the basic elements or “building blocks” of the KA process in
more detail: settings, investigators, informants, artifacts and workproducts, and topics. A given
KA session involves some combination of investigators, informants and/or artifacts, and work-
products (as session outputs and possibly as knowledge sources). Settings interact with sessions in
various ways: as a direct “element” of observation sessions; or as a possible focus on the knowl-
edge to be acquired in other sessions. In addition, settings characterize both artifacts and infor-
mants: artifacts studied are typically workproducts created and/or used in the settings of interest;
informants are practitioners with experience in current or previous roles in these settings. Topics,
more generally, are primary structuring elements for scoping particular knowledge to be acquired.
Information is gathered in a session with a specific focus, centered around one or more topics.

Settings

In Section 3.1.1, we introduced the notion of work settings and of communities of practice, and
clarified the related but independent nature of these concepts. In terms of the KA-specific commu-
nity roles, the settings we are primarily concerned with are the settings in the focus community.It
is helpful to explore the different kinds of settings that might be the subject of investigation using
KA techniques.
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The notion of setting implies, but does not require, physical and temporal co-location. A typical
setting in the medical domain would be, for example, a doctor’s office, night shift at an emergency
room, or an accident scene for trauma care. Many KA techniques, such as the elicitation of sce-
narios as sequences of related tasks or events, are best suited for describing these kinds of settings.
To describe an electronic mail discussion of a difficult case history among doctors, spread over a
period of several weeks, as a “setting” would be less intuitive.

However, the more central the role of technology (particularly computer technology, distributed
systems, etc.) in the work setting, the less dependable is this notion of co-location, either tempo-
rally or spatially. For example, consider the work setting of an Internet newsgroup, which could
represent a very distinct community of practice linked via a communication channel that supports
both global access and highly asynchronous interactions.

With the above proviso, we can consider a setting to be bounded by a scope or frame which
includes a location and a performance period, and a set of processes that may be performed by
human actors (performers, participants) or executed by automated processes or agents. (We inten-
tionally do not introduce specific terminology for these concepts as they are not essential to the
Canvas planning framework, but are more dependent on representations chosen for documenting
work setting activities.)

Within a setting during a given performance period, many activities may take place involving
many actors or agents. We distinguish as practice repeated activity which is subject to learning,
increased competency and expert status. The human actors can include practitioners from the one
or more communities of practice active in the setting, but not all actors need be practitioners in
this sense. Thus in the medical setting, patients may be actors or but would not generally be called
practitioners.

In the context of technology development efforts, it is conventional to assume that the work set-
tings of interest are those in the focus community, i.e., the eventual operational environments for
the systems to be developed. It is also conventional to consider these settings in terms of work
flow rather than in terms of existing systems already in place and interacting with practitioners. In
a domain engineering context, however, since reusable components to be developed will be
deployed in technology development settings, these settings may be equally a subject of knowl-
edge acquisition. (By implication, software developers for applications in the domain may be the
practitioners studied.)

It is also frequently the case that the domain of interest includes some existing legacy systems.
This creates opportunities to study such systems in use, which requires in turn a notion of settings
that includes the presence of technology. Such a notion must address not only the interactions of
individuals with systems, but also ways in which the systems foster (or hamper) collaborative
work among practitioners. A domain engineering context may also necessitate the study of multi-
ple settings, e.g., for different instances of a family of applications. The emphasis on existing sys-
tems, at least, can be equally valuable in any technology development effort where the ability to
interoperate with legacy systems is a desired objective.

Investigators

Practitioners in the investigator community are called simply investigators; their routine practice
includes activities such as interviewing, cataloging results, and studying documents or tapes. The
name “investigator” shares with its use in detective stories the skills of digging out information,

determining what needs to be asked next, etc. However, unlike fictional detectives, KA investiga-
tors are interested in more than information about individual events or persons. A KA investigator
1s looking for information hidden within the cultural context of the community of practice under
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investigation. This means that the KA investigator must have skills of detecting bias, possible
ambiguity or misunderstandings of terminology. (Also unlike fictional detectives, KA investiga-
tors rarely have to resort to fisticuffs or be able to detect cyanide from its aroma.)

The framework presented implies that the investigator community is as distinct as the focus and
target communities. In practice, however, investigators will often be drawn from the other com-
munities involved and may not initially form a distinct community of their own. This is particu-
larly true in cases where the importance of systematic KA, hence the need for specific knowledge
acquisition training and skills, has not been recognized. Using an in-house investigator group (i.e.,
investigators from the focus community) has advantages (e.g., familiarity, access) and disadvan-
tages (e.g., familiarity, shared implicit context and bias with informants). No matter what the
background of an individual investigator, however, the nature of the role is to negotiate the knowl-
edge of focus and target communities, utilizing some knowledge of the knowledge acquisition
process itself.

Informants

In a knowledge acquisition context, we use the word informant to refer to any practitioner in the
focus community who provides information to the project. In fact, as shown in the example sce-
narios of Section 3.1.5, in theory any participant or actor in a work setting of interest could be
tapped as an informant. We use this term rather than more specific terms such as “user” or
“expert” to avoid embedding assumptions about the informant’s status within the focus commu-
nity, of the informant. When planning an interview the term used to refer to the interviewee can
impact how they view the process. (This will be treated in detail later, when we discuss general
stakeholder issues in knowledge acquisition in Section 4.4.)

While the informant may not be considered (or self-identify as) an expert in the focus community,
he or she serves as a knowledge source with respect to some community of practice. By gathering
knowledge from multiple informants, we are able to get at knowledge that may not be accessible
to a single individual in the community. So, for example, informants might be selected to include
many different roles in the community, e.g., administrative personnel, software developers,
domain experts, secretaries, support personnel, etc. In cases where multiple settings are being
investigated informants from each setting might be consulted.

Artifacts

Artifacts are workproducts created and used in a work setting of interest, or containing informa-
tion relevant to that setting, that are selected for study as part of knowledge acquisition. Use of the
term “artifact” highlights the fact that a sampling of workproducts is made as part of knowledge
acquisition; i.e., just as not all practitioners are selected as informants, not all workproducts of the
focus community are selected as artifacts. In addition, the ways in which the investigator accesses
and analyzes the artifact may be quite different from the ways the same material would be used as
a workproduct by practitioners. Since the artifact is a “window” into the work culture, the stan-
dards for assessing its quality are also different; for example, it need not be “accurate” in the same
sense needed for its role as a workproduct in the setting.

To make confident use of an artifact as a knowledge source the investigator needs to recover infor-
mation about the context in which the artifact was created (a kind of reverse engineering). This
interpretation step in working with artifacts differs from simple gathering and transfer of data. As
an example, suppose an equipment maintenance checklist is studied and it is noted that the
mechanic has starred certain entries and crossed out others. Some interpretation is required to
know what the stars indicate; for example, areas where trouble has been frequent, areas where a
breakdown would have dire consequences, or areas that inspectors are most likely to check up on
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procedures. Thus an implied association of artifact as “cultural artifact” is not actually far off the
mark. The KA process requires attention to the ways in which work culture knowledge and mean-
ing have become embedded in the artifact. The artifact is “workproduct studied in context.”

It is also useful to distinguish artifacts derived from workproducts playing a direct role in the
focus setting work processes from “interpretive” artifacts that represent reflection or prior codifi-
cation on the part of practitioners. Since knowledge transfer is a part of the functioning of any
community of practice, material such as textbooks, survey articles, training materials, etc., will be
important resources to the investigator. However, such artifacts must be distinguished from both
“primary” artifacts (e.g., a lab report, an intake sheet, or a system specification), since it is less
clear how to place them in a specific work setting context.

Knowledge Acquisition Workproducts

We also distinguish artifacts as “raw data” or “prior art” existing within the work setting indepen-
dent of the KA enterprise, from knowledge acquisition (KA) workproducts created as part of the
KA process. The distinction is important in several respects. Sessions can use as input both arti-
facts and KA workproducts from previous sessions. But investigators need to know the derivation
of each input to interpret its content correctly. For example, investigators must interpret the repre-
sentation of a system document used as an artifact according to the context of the original devel-
opers of the document; however, investigators make strategic choices about which representations
to use for KA workproducts that they will produce. Since a frequent objective of codification in
KA is refining documented information from less into more formal representations, it may be
helpful to include both artifacts and the KA workproducts derived from (or interpreting) them as a
single thread.

The distinction between artifacts and KA workproducts can be a subtle one, particularly when
workproducts are created in a collaborative fashion with informants, or created with the specific
purpose of obtaining validation from informants. For example, suppose an investigator creates a
high-level system architecture in conversation with an applications expert and documents this as
part of the acquired knowledge from the KA session. Had the system designers chosen to develop
such a diagram themselves, it might have been similar to the one produced by the investigator.
Nothing in the content or representation format clarifies its status as an artifact or a KA workprod-
uct created by (or with) the investigator’s intervention. Only by tracing the process of the docu-
ment’s creation can we make this distinction. Yet the distinction will be critical in maintaining
systematic links back to knowledge sources, and in correctly interpreting the material. It is also
important to distinguish informant-derived interpretive artifacts (as discussed above) and the cod-
ified workproducts created by investigators as an output of a KA session.

Topics

In the Canvas context, the word fopic refers specifically to an area of knowledge held by the focus
community that will be the focus of attention in some KA session. Topics are usually aligned with
the overall objectives for the KA effort; for example, if KA is being performed to elicit technology
requirements then topics would probably involve exploring work processes and products that
were good candidates for potential automation. If business process improvement were the main
objective, topics might include “breakdowns in work” or “customer complaints.”

In the domain engineering context, topics usually fall within the scope of the domain. At various

points of discussion in this document, we may use the terms “topic” and “domain” somewhat
interchangeably.

33




3.2.2 KA Sessions STARS-PA29-AC01/001/01

When viewed as a way of scoping or filtering a knowledge elicitation session or organizing out-
puts into separate workproducts, topics can have address both a specific subject area and a partic-
ular desired knowledge type; e.g., process knowledge, knowledge of the terminology used,
knowledge about the heuristics or rationales underlying decisions, or the context for the knowl-
edge (the work settings that provide the experience base). Types of knowledge and the impact this
can have on choice of representations for KA workproducts are discussed in detail in Section 5.0.

It can be useful to structure the various topics of interest into some overall model that shows rela-
tionships between various topics. As an example, a skills inventory is often structured in a hierar-
chical fashion that suggests which skills are components or prerequisites of which other skills.
Understanding the dependencies between different topic areas will become critical when planning
KA activities in detail.

3.2.2 KA Sessions

Having reviewed the basic elements, or separate strands of the knowledge acquisition canvas, we
will now examine the ways in which the various elements coincide in the knowledge acquisition
process itself.

A knowledge acquisition session (KA session) is an event (or set of events) where an investigator
consults some knowledge source (a person, a document, an observed process), elicits some
knowledge and codifies some of that knowledge into a KA workproduct. For convenience, we
treat all these activities as part of the session, even if, for example, the investigator leaves the
interview and writes up session notes that evening in her hotel room. It is the full cycle through
access of the knowledge source, elicitation, and codification that bounds the session as a whole.

Session Objectives

The planning process determines a set of session objectives for each knowledge acquisition ses-
sion, characterized in terms of each component element of the session. Each element is part of a
corresponding thread which develops through a sequence of sessions. The desired changes or
progress for each element, relative to its thread, constitute the objectives for the session; these
must be reconciled in the most appropriate way. The thread history previous to the session creates
necessary background or context for the element; it can also create bias, influence of past experi-
ence that may compromise the desired results of the session.

Each session, in particular, will have fopic-specific objectives—the knowledge that is to be elic-
ited in the session. The focus of the session might be directed in various ways: for example,
exploring the various kinds of tasks a practitioner performs in a given setting; or tracing the
sequence of a given task or procedure in detail. The topics of focus provide a scoping mechanism
that helps direct attention to a tractable amount of material to cover in the given session. The type
of knowledge to be elicited can also be used to focus how the session progresses; if the session
will elicit procedural knowledge, then a different sequence of investigations will happen than if
the session is intended to elicit declarative knowledge. In addition, the intended audience for the
session results are an important aspect of the objectives. While a knowledge acquisition effort
usually imposes an overall intended audience, a specific intended audience can be defined for the
workproducts resulting from each session; different workproducts can even be created for differ-
ent audiences.

The topics, knowledge types and audience choices have some interdependencies, and will help
determine the knowledge sources consulted for the session and the format of the session (e.g.,
one-on-one, joint meeting with multiple informants, walk-through of a document with an expert,
etc.), and the representation used for the knowledge acquisition workproduct. For example, if the
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topic of focus is a certain set of work activities, then procedural knowledge will likely be the type
of knowledge required; certain representations will be more appropriate and certain types of infor-
mants will be better sources for this kind of data.

There may be additional objectives defined for any element of the KA “canvas”. An investigator’s
objective for a session might be to gain personal familiarity with a new aspect of the domain as
preparation for further sessions. An informant-specific objective might be to obtain knowledge
from the informant in a one-on-one interview setting as a follow-up to a group facilitated session.
(Note that the informant may have personal objectives or agendas for the session different from
the informant-specific objectives that are part of the plan.) An artifact-specific objective might be
to synthesize information in the artifact with a set of similar artifacts from different work settings,
to produce a comparative or summary KA workproduct.

Session Qutcomes

The results or outcomes of a given session can also be characterized in terms of their impact on
each element that interacts in the session. Each session will have a primary outcome that reflects
some degree of having satisfied the objectives. Specifically, some knowledge in the topic areas
and of the desired knowledge types should have been acquired and represented in a form appro-
priate for the intended audience.

Each session will also have unanticipated results that affect some or all the elements. Here, the
many forms of learning and knowledge creation related to KA, discussed in Section 3.1.5, serve
as a useful reference, since many of these forms may occur as “side-effects” of the core KA pro-
cess. For example, suppose that during a session in which the investigator planned to elicit the
steps taken by the informant in preparing a helicopter for flight, the informant provides informa-
tion about the various ways in which the helicopter could malfunction. The investigator must be
prepared for this situation, and decide whether to stick to the stated goal of the session, or to mod-
ify the session objectives to obtain the unanticipated result of documenting some knowledge
about helicopter malfunctions.

Unanticipated information obtained might be relevant to the planning of the knowledge acquisi-
tion process itself, rather than the topics. For example, an informant might tell the investigator
about several other people that should be contacted as potential informants. This information then
must be fed back to the planning process in some systematic way. This iterative acquisition of
information about knowledge sources usually necessitates a highly adaptive KA planning process.

In addition to the desired and unanticipated knowledge codified as a result of the session, each
session has peripheral effects as well, such as the creation of new knowledge in the session. We
have made clear that KA involves more than just the investigator’s individual learning about the
topic of focus. Nevertheless, some learning of this kind will take place with every session. The
investigator leaves the session with a greater base of experience in the topic area and the work set-
ting. The peripheral knowledge gained during a session forms the basis of what we will call the
“thread” of development of an investigator.

Similarly, while the KA process is distinct from the focus community’s own knowledge creation
activities, informants may learn new things about their own topics of knowledge as a result of the
interaction, or may think about their knowledge in new ways. This may occur through the act of
reflection required to articulate terms and concepts to the investigator, who lacks some of the
implicit context of other practitioners from the informant’s community. Or the informant may be
brought into contact with other people from the same community that he or she would not have
encountered as part of routine work activities; and this encounter may engender new knowledge
as well. In any case, the new learning created for the informant is also part of the knowledge elic-
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itation event, but not a defining aspect. This descriptive framework directly suggests how the plan-
ning process can work with session planning; the session planning process is described in detail in
Section 4.9.

A systematic knowledge acquisition process has mechanisms to support explicit documentation of
objectives for the session, consideration of the potential impact of the session event and results on
the various threads involved, and management of intended and unanticipated results as well as the
peripheral “side effects” of each session. In the next sub-section we look at the various types of
threads in more detail.

3.2.3 KA Threads

The Canvas framework reflects the essential idea that knowledge acquisition creates new knowl-
edge through the elicitation and codification process. Each KA session creates knowledge in ways
that support the overall objectives as well as in other, peripheral ways. This implies a sort of
“Heisenberg Uncertainty” principle for knowledge acquisition. There is no such thing as passive
knowledge acquisition; the process is always an intervention of some kind in the work settings of
focus and for all participants. In particular, every session has the potential to change:

* the knowledge of the investigator;
* the knowledge of the informant; and

* the knowledge codified for an artifact (or workproduct) via the addition of annotations, com-
mentary, or interpretation.

The session can also affect more than just the knowledge of the people involved. Because sessions
are interventions in the communities of practice, they may change the role or status of participants
as well. To trace the impact of each session we can define separate learning “life cycles” for the
various elements of the KA process, including investigators, informants, artifacts and workprod-
ucts, and topics. We refer to these cycles as threads.

The paragraphs below give a high-level overview of the major threads that weave through the var-
ious sessions conducted as part of knowledge acquisition. A given thread has a focus or subject
and traces the “movement” of that subject through a series of sessions, each one of which is influ-
enced by the previous history of the thread for that element, and in turn creates changes that are
reflected in the further evolution of the thread. The formal notion is uniform, but the value of the
thread concept is quite distinct for each type of KA element. The focus here is on the interaction
of the different kinds of threads with particular sessions, as well as some of the overall concerns
reflected in the structure of the threads as a whole. More detail on the planning process for each
type of thread is provided in Section 4.8.

Investigator Threads

Since knowledge acquisition is a learning and knowledge creation process as well as a transfer
process, each session has multiple outcomes with respect to the investigator. As described in
Section 3.2.2, there is the knowledge that is codified and made available to the intended audience
as well as knowledge that is not codified, some portion of which is nevertheless available to the
investigator in later sessions. This means the sequence of sessions that an investigator performs as
part of the KA effort will have important consequences for the knowledge obtained and the over-
all development of the investigator.
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Exhibit 5. Investigator Thread Interacting with Sessions

Exhibit 5 illustrates the development of an investigator’s knowledge through participation in a
series of sessions. (Although it shows only the investigator’s point of view, a similar type of sche-
matic would be useful for understanding each of the other types of threads as well.) The investiga-
tor brings some background knowledge, experience, and possible relationship to the focus
community to the initial session (B). As a result of the first session, some knowledge (P) is codi-
fied for transfer to the intended audience. But not all the knowledge generated from the session is
reflected in the codified workproduct; some residual knowledge (Q) is also retained. Also, strictly
speaking, not all of P is retained by the investigator, indicated by P’. A similar process takes place
with each subsequent session; some retained knowledge may fade (P”’) while new knowledge (R’
and S) will be absorbed.

This is, naturally, a simplistic way to view knowledge creation which casts it in overly objectified
terms. Nevertheless, it suggests some primary issues faced in the investigator thread, including the
following:

* Bias — information known prior to the KA effort and that gained in earlier sessions can inter-
fere with information to be acquired in later sessions.

* Preparation — information gained in earlier sessions might be a pre-requisite for understand-
ing information in later sessions.

* Retention — some, but not all, the information elicited in a session will be internalized by the
investigator, thus contributing both desirable background preparation and bias to be consid-
ered in subsequent sessions.

Example. In the TCIMS effort, there were different types of sessions defined as part of the
Knowledge Acquisition Plan. The TCIMS plan defined baseline sessions to provide a founda-
tion of domain-specific knowledge; they served both to orient investigators to the main tech-
nical areas and to orient domain experts (the preferred term for the informant role in TCIMS)
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to the knowledge acquisition enterprise itself. Later, more specialized sessions were con-
ducted as part of the plan. These focused on specific topic areas in more detail, and generally
moved through a series of sessions focusing on different aspects (scenarios, tasks, etc.) in
succession.

For each investigator, a baseline session ideally preceded more detailed sessions in a given
domain or technical area. In this sense, the TCIMS plan included a mechanism for developing
an investigator, by starting with participating in or studying the results of a baseline session,
and moving on to one or more specialized sessions in a given technical area. This helped
ensure adequate preparation, a critical concern in dealing with medical professionals.

In addition to the life cycle regulating each investigator within a given technical area, a given
investigator’s degree of experience in general knowledge acquisition techniques, in the
broader medical domain, or in the use of specific representations was also a factor in selecting
investigators for particular sessions. Over time, the plan could assist in the development of
the investigator’s skills in desired directions.

Informant Threads

Since the KA process creates new knowledge for the informant as well as the investigator, it is
important to consider the sequence or series of interactions through which a practitioner becomes
involved as an informant on a KA enterprise. (The informant thread notion is not sufficiently dis-
tinct from the investigator thread in terms of visual representation to warrant a separate illustra-
tion.) There are several critical issues to be considered in the informant thread. A primary issue is
making sure that the informant has been “tapped” for the important topics for which he or she has
relevant knowledge, with minimum redundancy across sessions. The primary structure of an
informant thread, therefore, should show where different sessions have shifted the topic of focus,
or, if revisiting a topic, has taken it to a new level of detail or approached it from a different per-
spective.

Example. On the TCIMS effort, where medical experts’ time was at a premium, an important
task of the KA plan was to ensure that the same expert was not asked the same question mul-
tiple times. Instead, the knowledge acquisition reports were organized into a dossier that pro-
vided a structure so that all investigators could, in principle, access the data derived from
previous sessions before scheduling and performing new interviews with a given expert.

In addition, through their participation in sessions, interactions with the investigator, the infor-
mant also learn something, because of the intervention of the KA process in their own knowledge
state. Interviewing the informant in tandem with others from the same setting will also affect the
KA process. The informants’ learning lifecycle also forms part of their thread of the KA canvas.

Through interaction with investigators, informants gain increasing familiarity with the goals and
approach of the KA enterprise. A certain amount of orientation is required to make someone, even
an expert in the field, an effective informant. Many informants will be interviewed only once;
however, others may become important continuing resources for the KA project team. In consid-
ering the thread of multiple sessions with a given informant, therefore, planners should consider
the role of the thread in gradually educating the informant to the knowledge acquisition task. This
is almost the dual of the investigator’s thread, which represents the investigator gradually gaining
more detailed knowledge about the domain.

Example. On the TCIMS effort, there were a series of specific representations and corre-
sponding types of interviews defined in the plan: e.g., task analysis, scenarios, conceptual
analysis, etc. Generally, there was a view that, for a particular informant, there was a most
desirable sequence for these types of interviews: i.e., task analysis would be a more accessi-
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ble starting point than conceptual analysis. This suggested that, for informants who would be
significant knowledge sources interviewed several times, a certain “life cycle” of different
types of sessions happening in a pre-defined sequence was an important aspect of the plan-
ning process.

Artifact Threads

Planning the life cycle for a specific artifact, as an inanimate information source, is a different
problem than planning for the various interactions of an informant.

Clearly, an inanimate data source will not itself be affected by psychological phenomena such as
bias or leaming.1 This does not imply that management of bias is insignificant in working with
artifacts, which are strongly shaped by the embedded contextual knowledge of their creators and
the work settings in which they are created. (In fact, in data gathered from artifacts rather than
informants this hidden contextual information may be harder to detect and manage, and often can
only be discovered through interactions with informants.) However, this initial embedded bias
does not change as a result of subsequent interactions of investigators with the workproduct.

Instead, the thread for an artifact consists of the various phases of interpretation performed on it.
In Exhibit 6, we see a sample life cycle for a knowledge acquisition artifact: each dashed line in
the exhibit refers to the production of new KA workproducts, resulting from a study of the previ-
ous one.

studied as
— . artifact —— .
WP ~a P Investigator
Focus S . community
community _ S _’_
7 \
| WP 1 |

-~

| . ]
4 Study Session
/ \ y /

; -

WP ' Annotations |

—

Composite workproduct,
artifact + KA workproduct

Subsequent sessions, conducted by different investigators, informants,
and/or focused on different topics

Exhibit 6. Thread of the Life Cycle of an Artifact

I We exclude learning programs or other technologies that suggest the notion of an “intelligent artifact,”
though clearly these could be accommodated within the Canvas framework via a thread that allowed for the
influence of previous sessions on the artifact itself.
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The artifact begins its role in the KA effort as a workproduct created by practitioners within the
work setting of the focus community. The workproduct is selected as an artifact for study (a
knowledge source) by some investigator. Through a study of the artifact, new knowledge is elic-
ited, which 1s then codified in a KA workproduct such as annotations of features of interest for the
artifact. These annotations can be considered part of an ongoing “composite workproduct” that
adds a layer of interpretation to the original workproduct. For example, subsequent investigators
studying the same original workproduct as an artifact could choose to view the annotations of pre-
vious study sessions as well. There could be reasons for them to view these annotations or reasons
for them to choose not to view them (e.g., controlling bias).

The composite workproduct (workproduct + annotation or interpretation) can itself becomes a
subject for further study, perhaps by a different investigator. Through such sessions, the work-
product undergoes successive stages of interpretation; some common interpretations are annota-
tion, comparison, and summarizing. This sequence of workproducts, beginning with the original
workproduct from the focus community and continuing with successive interpretations added as
part of the KA effort, forms the thread for that artifact (or KA workproduct) in the Canvas frame-
work. The KA workproducts in such a thread are called derivative workproducts of the original
focus domain artifact or original KA workproduct.

Issues faced in this life cycle include the following:
* Redundancy — controlling multiple studies of the same artifact.

* Filtering — Determining how to filter the topical material from the artifact as a whole — a
particular challenge in domain engineering, where comparative data is desired.

* Dropping through the cracks — Making sure that a given artifact has been examined, or that
a decision has been made not to examine it.

* Scoping — Making sure that subsequent interpretations of the artifact fall within the scope of
the KA enterprise.

* Proprietary access — Observing restrictions on who controls what can be seen, placed in dos-
sier etc.

We show how these issues interact in the following example:

Example. In the TCIMS effort, a number of reports were written based on initial interviews
with informants. These reports are knowledge acquisition workproducts, and were stored in a
repository called SEPWeb. Later in the effort, these reports were retrieved from the reposi-
tory, and further analysis was done to them; these included summaries and changes of repre-
sentation. The original reports were considered consortium confidential, and were not
released for public viewing, while the derivative workproducts were published on the WWW.
Further efforts summarized these workproducts further, to produce models written in a for-
mal modeling language. Along its thread, we see changes in both the level of security and
formality of the increasingly derivative workproducts.

KA Threads: Summary

The threads described above — investigator threads, informant threads, and artifact threads — are
not independent. Each session potentially plays a role in several threads; i.e., in the life cycles of
informants, investigators, and/or artifacts. The sessions described separately in the thread discus-
sions above could be the same session. In our canvas metaphor, each session is therefore a cross-
ing of threads, a meeting point where each thread moves its subject forward along its respective
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life cycle. Planning a single session involves simultaneous changes to multiple threads. Con-
versely, each thread progresses by passing through a sequence of sessions, linked by the common
element of the subject for that thread.

The essence of planning knowledge acquisition with Canvas is to manage development of all
threads in parallel, according to the issues for each thread type as outlined above. This is a highly
reactive planning task, one that requires careful attention to development of all resources of the
project. The outputs of a given session that may affect subsequent decisions cannot be known in
advance; planning must therefore be iterative and some effective means of communication of
results across sessions, among investigators must be provided.

3.3 Issues Implied by the Framework

The core concepts described earlier in this section provide a useful framework for a wide variety
of KA applications. The emphasis of this guidebook is on two particular kinds of KA enterprises,
typified by applications to date of SEP and ODM.

Traditional approaches to KA have limitations deriving from the evolution of these approaches
from work in the social sciences or linguistics, or in knowledge engineering for expert system
development. The necessary extensions include the following aspects:

* Knowledge acquisition inherently involves cultural communication.

* Performing knowledge acquisition within technology-oriented settings challenges certain tra-
ditional KA terminology and assumptions and requires new techniques.

* Knowledge acquisition needs to address explicit management of variability in the data.
* Knowledge acquisition, at its best, is a collaborative process.

* The knowledge acquisition process intervenes in the communities where it is applied.

Each of these five aspects is discussed in a separate sub-section below.

3.3.1 KA as Cultural Communication

According to the definitions provided in Section 3.1, knowledge acquisition most often implies
transfer of knowledge across distinct communities of practice. Since in each respective setting
knowledge may be expressed in varying terminology and put into practice in very different ways,
KA inherently involves a cultural shift which can be viewed as a highly specialized form of
“cross-cultural communication.” A well-known example of this challenge comes from the history
of expert systems development, where knowledge embedded in the medical community had to be
made available to a community of program developers and Al researchers in order to produce
medical expert systems.

The element of cultural communication can come into play even when the primary role of the
investigator is to facilitate knowledge exchange within the focus community, since communities
of practice are not homogenous knowledge environments. For example, within the medical com-
munity itself, there can be cultural differences, fostered in part by organizational dynamics; most
hospitals today are organized in such a way that there is considerable cultural difference between
doctors and nurses.
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It is well-known that translation from one professional or work setting to another is fraught with
potential for misunderstanding and misinterpretation. Since we are often prisoners of our own cul-
tural perspective, we are unaware that this cultural translation and re-interpretation process is tak-
ing place. However, knowledge acquisition activities often take place in the context of projects
where these dynamics are not visible. Software development is not often viewed from a cultural
communication standpoint. Even in the social sciences, where understanding of cultural dynamics
is a given, there have been few systematic studies of the knowledge acquisition process itself —
i.e., the cultural act of studying another culture—as a form of cultural communication [14].

Canvas provides a framework for anticipating and planning for both the potential benefits and the
risks of KA as cultural communication. By stressing the central role of codification and transfer,
the potential influence of bias, and the influence of distinct (focus, investigator and target) com-
munity roles, Canvas enables characterization of the knowledge transfer challenges in a given KA
situation with some precision, as an aid to systematic planning.

3.3.2 KA in Technology-Intensive Settings

Although KA has been utilized in the service of technology development, there is still a lack of
good methods for doing knowledge acquisition about technology use. Some of the reason for this
is historical.

* Within social science research, knowledge acquisition techniques evolved from studies of
non-industrialized cultures and were only gradually applied to the culture of the researchers
themselves (i.e., anthropology to sociology).

* Many methods for data or knowledge acquisition reflect a technology development context
where the primary goal is automation of manual processes. In the era when the first major
computer-based systems were put in place, most business work environments were based on
manually oriented work processes, with information exchanged via paper, face-to-face meet-
ings, conversations, etc.

* Even early expert systems development tended to be initiated in domains where little automa-
tion was present; this was the goal was to automate decision processes considered too intrac-
table for contemporary software engineering techniques. Thus the problems of integrating
knowledge-based systems with legacy software systems only gradually came to the fore.

However, in current conditions it is a reasonable default assumption that new or evolving systems
will be deployed in a technology-rich landscape, with numerous existing legacy systems in vari-
ous stages of implementation, usage or decay. Even opportunities for expert system development
now occur more and more frequently at the frontier of established system capabilities. This cre-
ates challenges as well as opportunities: aspects of technology-intensive settings have ramifica-
tions throughout the KA process. KA techniques must be adapted to shed light on how work
practices evolve in relation to and are influenced by computer-based systems within the work set-
ting. KA planning must account for the influence of legacy systems in the setting and in the expe-
rience of practitioners, as well as the influence of trends, business requirements and expectations
about changing system capabilities.

Challenges and opportunities of doing KA in a technology-intensive setting include the following:

* Technology is not created in a vacuum. It is created within a technologists’ community of
practice that has complex interactions with the user community where the technology is even-
tually fielded and used. If we want to study a technology-intensive environment and pay
attention to the technology aspects, we must gather data about both these communities.
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This is not a simple undertaking, however. Technologist and user settings generally represent
quite distinct communities of practice. As mentioned above, the problem of “cross-cultural
communication” arises in the cultural clash between developer and user communities. These
communities “collide” in the settings where the technology is used, as well as in the process
of gathering requirements; to the extent that these requirements gathering must reflect knowl-
edge about the user’s environment and work practice, it constitutes a form of KA.

A familiar example is the problem of software error messages. The error categories and terms
are often determined and described by the developers, but inscrutable to users. This is not
simply a problem of poorly describing the errors; it is a problem of distinguishing and map-
ping categories of errors important for the two groups. KA that would serve a technology
development goal has the task of examining the already existing legacy as “cross-cultural
communication and conflict, embedded in software artifacts”.

* Trying to investigate software developers as informants also challenges some typical presup-
positions of KA. Artifacts may be highly formal system design documents requiring special-
ized knowledge to interpret (not different in principle from detailed medical reports that
require a specialists’ interpretation). The work practice of software developers is not easily
amenable to description via workflow-oriented task and scenario descriptions. Recognition of
KA as a distinct discipline is not prevalent in the software engineering field as a whole.
Therefore, it is likely that someone with a technology background will be “drafted” into the
investigator role on a technology-oriented KA effort.

* It can be harder to gather data about work practices mediated by technology using traditional
techniques such as interviewing and observation. Since technology externalizes many routine
tasks, expert users may not be able to explain their procedures out of the context of the tech-
nology itself. Significant processes may take place with the flick of a key at a keyboard and
hence be nearly invisible even to direct observation.

On the other hand, the presence of technology in the workplace also creates opportunities for
knowledge acquisition. Investigators can experiment directly with legacy software as part of
knowledge acquisition. Through instrumentation automated logging and collection of usage
data can be performed in a relatively non-obtrusive way. Since every fielded system will need
to evolve over time in response to needs and limitations discovered by users, some consider-
ation for “system as knowledge acquisition aid” should be a routine part of the technology
design process.

* If KA is being performed to provide information to technology developers, a special set of
stakeholder issues may arise around expectations about and resistance to the introduction of
new technology. Even where there are no clear requirements for new applications, technolo-
gists’ own product ideas will exert influence on the data deemed valuable and the kinds of
questions that are asked. Similarly, users have ideas about desired system functionality, or
resistance to introduction of technology, which affects the information they offer.

Knowledge acquisition is deeply woven into the entire process of system specification and devel-
opment; in fact, some form of knowledge acquisition must precede almost any requirements anal-
ysis phase. The kinds of issues dealt with in the KA enterprise should be of paramount concern to
those creating technological systems for use in people’s everyday work practice.
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3.3.3 Systematic Treatment of Variability

Variability has not always been an element of explicit focus in conventional approaches to KA. It
can refer simply to “noise” in the data. It can refer to lack of consensus in expert opinion. But
explicit documentation of variability is important for certain KA goals; in particular, accommoda-
tion of variability is of prime importance in domain engineering.

Example. If three medics describe a standard procedure and give three contrasting sequences
of tasks, are two of them wrong? Are they describing particular events, “routinized” generic
descriptions, or the official textbook version of what’s supposed to take place in the given sit-
uation? Are there different practices involved because the three medics work in different
units, different hospitals, different states?

Historically, knowledge-based or expert systems have been oriented towards domains of high-
level, professional knowledge. Variability in opinion or belief may be interpreted as a sign of
instability in such disciplines. Hence it is to be expected that informants might be reluctant to
emphasize variability aspects, and/or that interviewers might simplify data to emphasize a com-
mon or generic result.

In previous applications of SEP, variability was dealt with primarily in the later, architectural
aspects of system development. Variability was not addressed explicitly in the KA workproducts
themselves. In the KA phase, investigators sought the common view of the experts they studied,
which sometimes involved reduction of variability. How this common view emerges out of data
with inherent variability is one of the points where the “magic happens” in a typical KA process.

In contrast, domain engineering for reuse, as exemplified by the ODM process, requires a specific
search for patterns of variability. For the purposes of reuse, variability will generally surface in
comparisons across similar systems within a specified domain. A specific “representative set” of
knowledge sources must be selected that provides sufficient data on the variability to be modeled.
The sample set of data selected and elicitation techniques employed are designed to explicitly
include rather than reduce variability. In the reuse context, this variability data helps to define an
intended multi-use scope of applicability for components to be developed.

Although domain engineering highlights the need for systematic treatment of variability, the gen-
eral concept of variability has rich implications for a KA framework applicable outside a formal
domain engineering context. There are valid reasons to pay closer attention to variability issues in
any KA effort. We can distinguish “various” kinds of variability that may need to be addressed in
knowledge acquisition. Some are relevant to many KA tasks, others are more specific to a domain
engineering context.

* Variability within a given work practice setting. Knowledge-intensive activity in any work
setting typically involves making expert judgments among similar cases or conditions. This
variability is the routine variability encountered in work practice; it needs to be negotiated by
performers in that setting in order to perform competent or expert decision-making and judg-
ment. An expert can recognize and classify cases, deal with ambiguity, and deal with “outli-
ers” that somehow violate the assumed scope factored into the classification.

Example. Doctors in trauma care settings will encounter patients with a wide variety of
trauma conditions to be treated, in conditions where there are insufficient resources (beds,
supplies, medical staff available). Triage procedures in such an environment require being
able to discriminate between a wide variety of specific injuries and conditions, and reduce
these rapidly to a few categories relevant for immediate treatment decisions (e.g., lost cause,
can survive without immediate attention, or immediate attention could make a difference).
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A single expert’s opinion thus represents a certain model or organization of a range of vari-
ability. This kind of variability can be represented with semantic models (concept models,
taxonomies) that capture expert practitioner knowledge.

* Variability across work settings. When multiple work settings are studied, variability can be
observed across these settings. These variations may reflect differences in language or termi-
nology, or variability in practices and procedures. Many representation notations for describ-
ing activities within a single setting provide ways of capturing alternative decision paths, etc.,
but not of reflecting diverse settings. These differences also might not be available as an
established “model” from some informant, but might emerge as a composite of gathering
analogous data in multiple settings, through a collaboration between the investigators and
informants.

Example. Continuing the triage example, triage practices might differ from doctor to doctor;
there may be different policies in place at different medical institutions or in different coun-
tries, etc. These differences could provide valuable data in knowledge acquisition. Certain
informants who had the benefit of experience in multiple settings might have greater aware-
ness of these differences and be able to comment on them. Changes in practice over time
within a given setting may also be a source of data, as observed by people with longer history
of work practice within the setting.

* Variability in system requirements. An implemented system always reflects the developers’
implicit or explicit model of users’ work practice. This model will reflect certain dimensions
of variability, in which case the system will be designed to respond or adapt to this variability.
Conventional systems development, targeted towards building systems to support work in a
given setting, has focused more on automating common, routine procedures, leaving per-
formers free to focus more on knowledge-intensive tasks. Thus variability representations in
conventional systems design focus on dynamic “procedural” models such as iteration, selec-
tion of alternatives, partitioning into process and data, etc. Expert systems might attempt to
capture more of the variability that is a factor in expert performance. In any case, once the
system is implemented, it provides a different source of data than the practitioner community.

Example. Consider a computer system that logs the intake record and medical case histories
of trauma care victims in emergency situations. Because of issues of liability it is desirable to
record more than just the treatment administered to individual patients, since viewed in isola-
tion decisions made following a triage protocol might appear to have been improper treat-
ment. The computer system will represent an “abstraction” of the triage process that might
embed assumptions of the process, the various types of rationale used in decisions, etc.

The application developers have a choice: they might provide a hard-coded checklist of diag-
nosis codes, a checklist tailorable as part of system customization per installed site, a check-
list that can be arbitrarily extended by the user, or even a free text field. This design decision,
which yields a system feature in the implemented system, reflects a “theory” held by the
developers about where variabilities in practice might be introduced (i.e., different diagnosis
codes), the range of that variability, and its desirability. For example, new diagnosis codes
could be entered over time, but variability in the form of misspellings or inconsistent usage of
diagnosis codes would be counter-productive and guarded against.

* Variability across systems. Domain engineering for the purposes of designing reusable soft-
ware components must deal with variability at several levels simultaneously. The end goal is
to create components or other assets that will be utilized by developers building software sys-
tems for a given domain. A domain-specific language is formalized to describe the semantics
of particular components in terms of the domain-specific functionality they provide. How-
ever, since these components are intended to be useful in building many systems, this lan-
guage must be expressive enough to cover the anticipated variability across those intended
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target systems. Each potential “application context,” a system development effort in which
the components could be used, will have been built (or will be built) with a specific usage set-
ting in mind. The domain model must be able to express variability in those multiple usage
settings to the extent that they affect the components themselves.

This variability can be studied in at least two complementary ways. The first is through com-
parative analysis of multiple usage settings, or multiple system artifacts created for those set-
tings. The second is by studying the development setting directly, particularly the processes
performed by system developers building applications in the domain. It may also be neces-
sary to collect information on a given system from the standpoint of both the processes by
which it is created and the system products themselves.

Elicitation of variability information can pose particular challenges in the planning of a knowl-
edge acquisition enterprise. The implications of a concern with systematic management of vari-
ability for planning the KA process is discussed further in Section 4.9.6.

3.3.4 Collaborative Knowledge Acquisition

A careful reading of the definition of knowledge acquisition in Section 3.1.2 reveals that there is
no condition that the knowledge that is elicited, codified or transferred to a new community be
“held” in any way by the informant. This is an intentional omission, which has considerable
impact on how we view the knowledge acquisition process. In particular, although knowledge
acquisition can include a simple transfer of known information from informant to investigator, the
most profitable cases of knowledge acquisition are those in which new knowledge is created as a
result of the collaboration between investigator and informant. A number of Canvas features pro-
vide specific support for this view of collaborative creation of knowledge, from the inclusion in
the planning process of a thread specifically for tracking and managing the informant lifecycle, to
the treatment of representations as aids for knowledge acquisition.

The process by which interaction between investigator and informant creates useful knowledge
that was not available to either of them alone, is called collaborative knowledge creation or sim-
ply collaboration. The Canvas framework has been designed to treat collaboration as the default
mode of knowledge acquisition, rather than as an unanticipated side-effect or special case.

Example. A common complaint leveled against the field of expert systems development is
that many of the systems are used only as tutorial systems to train new experts (e.g., [7]). The
original motivation for most expert systems projects was that in some fields, certain knowl-
edge was held by a small number of highly specialized experts, who would someday change
jobs or retire; the organizations for whom these individuals worked wanted to capture this
expertise as an asset that would last beyond the tenure of the individuals themselves. The
expertise had been gained through many years of experience, usually with machinery or sys-
tems that were not well understood at the time, and hence was open-ended and full of myste-
rious items shrouded in the history of the system. No training materials were on hand to
transfer this expertise to new practitioners by training, and the cost of apprenticeship was dif-
ficult to assess.

The process of constructing the expert system included a phase of knowledge acquisition, in
which this knowledge was organized, regularities were noticed and documented, and the
resulting body of knowledge was then codified, often in the form of a rule-based system. This
process of organizing and documenting the expertise removed much of the motivation for
having an expert system; in particular, the expertise was no longer open-ended and mysteri-
ous, and it was now reasonable to imagine teaching it to a novice, or even starting a conven-
tional software development project to support it. The rule-based system, which was intended
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to perform the expert’s task in his eventual absence, was deemed a failure (since it never took
over anyone’s work). Instead, it took over the role of training material for new practitioners.

The moral of this story, as it relates to the Canvas approach, is that the collaborative knowl-
edge creation dynamics of the KA process were somewhat invisible to the technologists—
focused as they were on producing the requisite expert system—but became quite evident to
the experts themselves. The most important value was obtained by helping the experts codify
their knowledge in a new way.

Limiting Assumptions

As the example above suggests, the collaborative view challenges some assumptions about
knowledge and knowledge acquisition that, while not often stated explicitly, have influenced pre-
vious approaches in the field. Here we list a few of these assumptions, along with the contrasting
point of view supported by the Canvas framework.

All knowledge can be codified and transferred.

A background of formal education tends to make us think about knowledge as some sort of
“material” that can be put into a book, and gained by reading it. There is something comforting
about being able to hold up a book and say, “I know what is in this book,” and being able to write
down “everything I know” about some subject. The assumption is that everything we know should
be codifiable in some way in the printed word.

An extreme contrast to this viewpoint is the belief that no knowledge can ever be codified, and
that anything that one really learns comes from experience. In certain professions or groups of
practitioners this belief can be a strong factor to consider; it may be in part a reaction to attempts
at codification that did not allow for the value of informal and undocumented knowledge.

The Canvas approach takes a middle ground; accepting the fact that the result of any learning
experience can only be partially codified, Canvas nevertheless relies on the assumption that some-
thing can be codified, so that it can be recovered by someone else at a later date. When that some-
one else comes from a different work setting, as is the case in knowledge acquisition, then the
problem is to write something that can bridge the gap. The Canvas framework helps to formalize
codification as distinct from individual learning by making the target audience for the codified
workproduct explicit and emphasizing that this audience is within a distinct community of prac-
tice. At the same time, through the concept of threads, the framework also allows the planner to
account for the role of uncodified knowledge as both an advantage and a source of bias that needs
to be controlled.

Knowledge is held by a single person.

A simple view of knowledge is that it is something “held” by a single person; during knowledge
acquisition, we will “mine” this person for the knowledge, which we will store somewhere. This
view of knowledge is consistent with over-reliance on interviews with a single expert; the inter-
view is treated simply as a transfer process. This view is also suggested in the metaphor of a
“knowledge acquisition bottleneck,” where some finite stuff called “knowledge” has to be poured
through a limited channel.

In contrast, in the Canvas view, knowledge comes from some interaction, either within the work
setting of the informant itself, or in the interaction with the investigator. There is, of course, some-
thing very special about the informant chosen for a knowledge acquisition project; we could not
take any person off the street, to use as an informant for the domain we are exploring. However,

47




3.3.4 Collaborative Knowledge Acquisition STARS-PA29-AC01/001/01

the result of a collaborative knowledge elicitation session will include things not known to that
individual at the start of the session. These might be beliefs internalized in the informant’s work
culture, or previously unremarked correlations among simpler facts of which the informant was
already aware.

The Canvas view on this issue is very similar to that espoused in Winograd and Flores in [59],
with the exception that Canvas examines its implications for knowledge acquisition. In particular,
because of the variety of ways in which knowledge can be embedded in a work culture, Canvas
encourages consideration of a variety of elicitation modes (group sessions, walk-throughs,
reviews, solo interview sessions, ethnographic interviews, observation etc.) to create conditions
for making tacit knowledge explicit and accessible.

Practitioners don’t use models.

In knowledge acquisition, some practitioner from the source setting is selected and used as an
informant about some topic in that setting. Knowledge representation typically involves some sort
of modeling of this practitioner’s knowledge. A simple intuition says that in his own work prac-
tice, the practitioner does not use models of his own behavior; he simply acts. Thus the modeling
is the responsibility of the investigator or subsequent modeling experts.

In contrast, the Canvas approach is based on the recognition that while certain aspects of an infor-
mant’s work practice are inaccessible to description and introspection, many informants neverthe-
less do construct models of their behavior. In some cases, like professional medical practice, these
models are quite thoroughly worked out and are very sophisticated. In cases where software
developers might themselves be informants, they may be quite familiar with the same representa-
tions as those used by the investigators. Canvas takes the view that there are different types of
models for different purposes; a careful choice of model can exploit the informant’s own model-
ing experience to encourage collaborative creation of knowledge.

Investigators reflect an informant’s knowledge back to him.

Related to the mining view of knowledge acquisition is the view that an investigator acts as a mir-
ror that reflects the informant’s thoughts. The informant is not reflective in the sense of thinking
about what he does; he simply acts and recounts, and the investigator does all the reflection. This
is also related to the idea that informants do not make use of models. This view incorporates two
assumptions; namely, that the informant is unreflective, and that the investigator is “neutral.”

In contrast, in Canvas, the reflective expert is acknowledged and valued; the role of the investiga-
tor is more collaborative, and neutrality is not assumed. The investigator participates in the reflec-
tion process of the informant by providing advice about representations, organizing principles,
models, or whatever is needed to organize the investigator’s reflective process.

Investigation can occur without intervention.

The idea that one can study human behavior without interfering in it has attracted a number of
supporters from widely varying fields. Anthropologists have attempted to perform field work that
does not intervene in the culture they are studying, while logical positivists view expertise as a set
of rules, which can be taken from their context and used independently.

In contrast, Canvas is based on the premise that the most valuable and meaningful knowledge
acquisition activity does have an impact on informants and their work practice. The new, collabo-
ratively created organization of knowledge will change how the informant thinks, and how he
responds in new knowledge acquisition sessions.
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A Collaborative Knowledge Creation Scenario

Having debunked these various strawman positions, we can now offer a basic scenario for a col-
laborative modeling session. In such a session, the investigator may play as much the role of facil-
itator and coach as interviewer and knowledge gatherer. The informant is encouraged to share
responsibility for how the knowledge is codified and how that process and representation serves
the needs of the focus community the informant represents. The session is viewed as an opportu-
nity to reflect on knowledge of the work setting and capture it in new and innovative ways. Some
specific aspects of such a session might differ from a less collaborative approach:

* The investigator does not take a neutral stance, although allowing for the influence of bias in
the session. Relevant knowledge from related domains may be offered as a technique for
sparking new insights—not, though, for imposing a normative view on the informant or forc-
ing changes of terminology upon them.

* Informant and investigator can work together on the question of finding appropriate represen-
tations for the knowledge. These could use representations from the focus community, docu-
mented so that they are understandable to outsiders; or could involve representations offered
by the investigator, perhaps with some training of the informant as part of the session.

¢ This allows the session to be much more representation-driven; the creation of shared, formal
workproducts can become one organizing element for the session process (though not the
only one, preferably). As a result the amount of time required to “debrief”” and filter the infor-
mation from a session could be greatly reduced, as would be the need for separate validation
processes.

* Ideally, the processes of elicitation, codification, validation, and transfer could be integrated
into much more flexible cycles, which could take place within the session itself, over the
course of several sessions, or over a longer cycle; and involving various participants in the
focus, investigator and target communities as appropriate.

3.3.5 KA as Organizational Intervention

In the previous sub-section we introduced the notion of a collaborative knowledge acquisition ses-
sion where intervention in the informants’ knowledge and view of their work is an accepted ele-
ment of the process. In this sub-section we take this idea one step further, to consider the broader
impact of the KA process as a whole on the organizations involved.

KA is presented here as a form of applied or action research that has exceptional capacity to
appropriately intervene in a number of ways in the organization and management of work and
workplace culture. From the Canvas perspective, such “interventions” always happen whether by
intention or not; the goal is a planning framework that allows the interventions to become as
intentional as possible and permits their evaluation in terms of technical, organizational goals and
even ethical considerations.

KA practitioners need to recognize that the research process itself can influence and intervene into
the culture of study. As outlined above, merely making knowledge and practice explicit or asking
a new question can change how an informant views his workplace. Such intervention can be posi-
tive or negative, depending on the purpose. The key is self-awareness and intentionality of the
researcher and goal clarity of the research effort. Being too invasive by imposing unexamined cul-
tural biases is always to be avoided.
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A wonderful irony regarding this point is the following. “Pure” ethnographers make it a point of
pride and ethics not to intervene in the culture under study. Yet, to some extent they always do,
usually in unseen ways. Consultants and managers, on the other hand, are forever looking for new
and better ways to intervene and change work cultures; yet they are constantly frustrated by the
difficulties of making change. (Perhaps coincidentally, they are often better at offering advice than
gathering data; could this have something to do with receptivity and resistance of the client com-
munities?) So, the ones trying not to make changes can perhaps stir up more change than the ones
struggling to get change to happen. Go figure!

The KA process can serve as an intentional organization intervention in a number of ways, as
described in the following paragraphs.

Facilitate new conversations.

The LIBRA approach to assessment for reuse [48] stresses that organizations change by engaging
in new conversations — new topics, new players, new ways of engaging players. The KA effort
can bring people together who never knew about each other or never talked to each other or who
held a simplistic view of each other and their work. So it can serve to build bridges even with a
given setting around the planning of the project, selection of informants, etc. KA sessions them-
selves are new conversations, and the resulting report or model can be used within the target or
focus communities for enabling still more new conversations. New conversations create shared
language, understanding, motivation, and possibly ground for future change.

Hold up the mirror about work practices and contextual influences.

The KA effort focuses attention with the combined expertise of the investigator, the informant,
and the connection between them provided by the organization and its management. The result is
a greater capacity to examine what the work practice and the knowledge being used actually is.
This can lead to clearer understanding of the need for change as well as the need to stay the same.

It can also show in dramatic relief how such organization factors (e.g., business structure, reward
systems, training, job posting policies, health policies) stifle or enable day-to-day activities within
a given community of practice. This data can be of value to leaders and policy makers who are
unaware of (or insist upon not recognizing) the impact of global decisions on local action.

Bring attention to work processes, customers, and collegial relations.

In the 1990s, attention to organization structure and process has shifted significantly away from
vertical and function units that do not directly serve customers to lateral, cross-functional business
processes that are customer focused. In a work environment where there is increasing pressure to
think about work and management by lateral process, work process discoveries accessible to a
community of practice-based KA approach could be invaluable. Codifying knowledge in action is
a significant activity that pictures the work process as a series of steps or deliberations in the ser-
vice of some customer value, by a network of practitioners in collegial relation to each other. KA
efforts may serve to model these key elements of organizational and process redesign via the
knowledge codification process.

Bridge different work cultures, especially technologists and users.

A persistent problem in software-intensive user communities and software development commu-
nities is their difficulty in communication across the boundaries of their different languages, goals
and customer pressures. Via collaborative modeling in the KA effort to discover new knowledge
both in KA practitioners’ collaborations with technologists and separately with system users,
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more grounded and objective ways of describing each community is possible. Where the possibil-
ity of greater understanding and connection between user and technology cultures is possible as a
result of the outcomes of the KA effort, even greater synergy could be achieved.

A conscious KA effort to bridge the two communities might take a further step than collaborative
KA modeling between informant and investigator. It might facilitate the collaborative modeling of
knowledge that spans both settings by arranging interviews or focus groups so that user and tech-
nologist are essentially doing KA with each other under the guidance of the outside investigator.
Clearly, this form of KA would also facilitate intervention among stakeholders using the knowl-
edge creation modeling and codification process to shift major entrenched elements of workplace
culture. In the long run, we believe this could be the most significant contribution of an approach
to knowledge acquisition based on the core concepts described in this section.
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4.0 Knowledge Acquisition Planning

This section builds on core concepts presented in Section 3.0 to present more specific guidance on
developing a plan for the knowledge acquisition (KA) enterprise. The section discusses major
decisions and issues to consider at various levels of planning, i.e., at the level of the KA enterprise
as a whole, phases of KA within the enterprise, specific “threads” of the KA canvas, and individ-
ual KA sessions. These are presented in a series of planning activities or steps that guide creation
of a workproduct called the knowledge acquisition plan (or KA plan). The plan addresses the var-
ied aspects of knowledge acquisition planning, including establishing the overall goals, making
specific selection of resources (investigators, knowledge sources), and managing the ongoing pro-
cess. The steps outlined in this section will serve to reduce many risks associated with KA efforts.
The framework is most useful by raising certain questions and issues that can help to set realistic
expectations for the KA effort at the outset.

This section is intended for use by people who are faced with the actual task of planning for a
large-scale knowledge acquisition enterprise. It includes detailed and fairly prescriptive advice. If
you are reading through the document primarily to glean the main concepts, reading the initial
sub-section (Section 4.1) gives a reasonable overview of the planning process. It may be advisable
to postpone detailed study of the remainder of the section until a concrete planning task is at hand.

Exhibit 7 indicates the three primary elements of the KA planning and management infrastruc-
ture. The first element, the KA plan, is the focus of this section. The dossier (discussed in more
detail in Section 6.0) contains links to all the artifacts studied as part of the effort, and all work-
products created by investigators, together with supporting contextual information.

The KA team guidelines provide a structure for standardizing the procedures to be followed
throughout the KA effort. A central element of these guidelines is selecting the repertoire of KA
representations that will be used for the effort. These are discussed in more detail in Section 5.0.

There are many cross-connections between the elements of the KA planning infrastructure, at var-
ious levels. Ideally, the KA plan will be linked into the dossier and the guidelines document. Since
adaptive re-planning will be necessary, these connections will also need to be modified and re-val-
idated on an ongoing basis. For example, lessons learned about working with representations can
be captured in the guidelines, which in turn help determine further phases of planning. Clearly,
automated support would greatly facilitate the planning approach suggested here. Even in an envi-
ronment without automated support, it will be helpful to envision the KA plan as an active coordi-
nation resource and scheduling process rather than merely a static document.

KA Plan f p| KA Team
Guidelines

Dossier

Exhibit 7. KA Planning and Management Infrastructure
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Benefits of KA Planning

Many of the activities managed by a coordinated KA plan appear non-technical in nature (e.g.,
interviewing or reading documents as opposed to generating detailed designs for a software prod-
uct). Many of the true costs of KA may stay hidden (e.g., time spent with informants). For these
very reasons such efforts can consume a lot of resources and can expand unpredictably. Therefore,
while it may be tempting to dismiss the need for careful planning, for any project of significant
size the potential benefits of properly planning and managing the KA effort are considerable.

More importantly, the planning process might make the difference between success vs. failure in
the effective transfer of knowledge acquired to the intended target community. Merely gathering a
large volume of high-quality data will not ensure successful transfer, and in fact, given the influ-
ence of other factors (addressed by the planning process), might even work against a successful
outcome. For example, if extensive resources are expended with unclear criteria for successful
outputs, the entire KA effort might be labelled as unfocused or irrelevant, and even useful infor-
mation may not get used. Furthermore, without a plan that specifically addresses issues such as
management of bias, sampling strategies, etc., it can be difficult to evaluate the quality or rele-
vance of the knowledge acquired.

Developing the KA Plan

We have elected here to provide a workproduct outline rather than a detailed formal process for
KA planning.1 The KA plan outline simplifies a process that may involve many collaborative
decisions and ongoing revisions. The resulting structure is a useful way of organizing the results
of these many interdependent planning decisions. While the sections also offer a reasonable start-
ing point for sequencing planning activities, there will be some iteration required, and it may be
advisable at times to jump forward to later sections of the plan to provide tighter focus for some
activities. In addition to presenting an overall outline of the KA plan and corresponding process,
this section offers more detailed suggestions for certain steps of the process. These include check-
lists of questions to consider or relevant characteristics to note, and suggested formats for certain
planning steps (e.g., knowledge community configurations).

The recommended structure of the KA plan is shown in Exhibit 8. The sections below provide
specific guidance for the material for part of the plan. Each KA effort will tailor this plan in ways
appropriate to their needs and resources.

The amount of detail in the sections to follow may give the impression that KA planning is itself a
major investment. However, the initial planning process need not require a great deal of time and
effort. The actual planning activities involved could take place in a few key meetings with primary
stakeholders, an investment that should more than pay for itself. Sections of the KA plan other
than thread and session plans can be developed prior to commencing detailed knowledge acquisi-
tion activities and then re-addressed when necessary as knowledge is gained. The initial KA plan
should be validated by project sponsors to ensure that the plan has captured their intentions and
that expectations are set reasonably. Once the plan is complete and validated and the infrastructure
is in place, KA activities can be initiated.

The need for systematic KA planning may “sneak up” on participants after some informal KA
activities have already taken place. This should not discourage the establishment of a more formal
plan at the point where its value becomes apparent. Threads for the various sessions that have

I A full process model does not make sense for KA planning in isolation from the KA activities themselves,
but detailed guidance for the latter are outside the scope of this document.
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1) Enterprise Context (Discussed in Section 4.2)
— KA enterprise charter
— KA enterprise strategic stakeholders
— KA enterprise scope
— KA enterprise constraints
2) KA enterprise objectives (Discussed in Section 4.3)
— Community of practice view
— Knowledge transfer configurations
— Specific objectives
— KA Phase Plan
3) KA stakeholder interests (Discussed in Section 4.4)
4) KA elements selection (Discussed in Section 4.5)
— Settings characteristics
— Investigators characteristics
— Informants characteristics
— Autifacts characteristics
— Audience characteristics
— Topics characteristics
5) Representation assignment (Discussed in Section 4.6)
6) Dossier infrastructure (Discussed in Section 4.7)
7) Thread plans (Discussed in Section 4.8)
8) Session plans (Discussed in Section 4.9)

9) Capability Development Plan (Discussed in Section 4.10)

Exhibit 8. Outline of a Knowledge Acquisition Plan

already taken place can be used to initialize the plan; and information gathered prior to the start of
the planning process should be documented in the initial dossier,

The KA plan (especially thread plans and session plans) will evolve over the life of the KA effort
and should be updated as necessary. Initial plans will be developed for each thread and session
respectively. Since each session may intersect with multiple threads, and each thread unfolds
through multiple sessions, sessions and threads are closely related and must often be planned
jointly. Thread and session plan development will be ongoing during knowledge acquisition, since

55




4.0 Knowledge Acquisition Planning

all sessions cannot usually be scheduled at the start of the KA effort, and knowledge gained in one
session may allow better scheduling of future sessions. As KA activities are conducted, the results

STARS-PA29-AC01/001/01

are documented in the dossier, and objectives and plans for new KA sessions are iteratively

adjusted in dynamic response to interim results. Detailed guidance in performing the KA activi-
ties themselves (e.g., conducting an interview, observing work practice, studying a system artifact
as data) is beyond the scope of this guidebook. Exhibit 9 shows a schematic illustration of the
relations between the different levels of the KA plan. (Note: the figure is intended as an illustra-

tion only, not as a suggested notation to use in the planning document.)

KA KA KA KA KA
Enterprise Enterprise Enterprise Enterprise Enterprise
Charter Stakeholders Scope Constraints Objectives
Enterprise-Level Planning
Phasel Phase 1 Phase 1 Phase 1 Phase 1
Objectives Stakeholder Elements Represent-
Interests ations
S = Session
Inv = Investigator
Inf = Informant
Art = Artifact
Phase 2
Phase N

Exhibit 9. KA Plan: Enterprise, Phase, Thread, Session Levels
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Enterprise-level planning elements provide a framework for all KA activities and clarify the inter-
face between these activities and the overall project context. The phase planning helps structure
the overall KA effort into manageable segments, each with a clear hand-off to an intended audi-
ence within the target community. Within each phase, the thread plans weave together the various
KA elements (investigators, informants, artifacts and workproducts, etc.) to make best use of
resources, optimize informants’ time, and keep results coordinated.

4.1 Enterprise-Level Planning

The most important initial purpose of developing a KA plan is to scope and clarify objectives for
knowledge acquisition. The KA enterprise is the project-level scope of planning that integrates the
knowledge acquisition process into a larger context such as a technology development or domain
engineering project. KA activities coordinated as a single enterprise may address many topics, to

be explored in many work settings. The enterprise may require a series of knowledge acquisition

sessions to cover a given setting with great thoroughness or may rely on a representative sampling
of data. As described in Section 3.3.3, if enterprise goals include systematic treatment of variabil-
ity then a single topic may be investigated across multiple focus community settings.

Planning the KA effort as a coordinated enterprise allows for both separate and coordinated man-
agement of KA decisions and resources. The many inter-dependencies among KA activities can
be anticipated and managed: e.g., multiple interviews to be held with a single informant can be
coordinated; an interviewer may want access to prior interview results in order to plan his or her
session. A more systematic approach to planning for these inter-dependencies facilitates scalabil-
ity of the process to allow for multiple investigators, informants, etc. over a period of time.
Detailed planning of threads and sessions will help to ensure reasonable coverage of information
acquired for the resources expended, and to avoid the confusion of having multiple unarticulated
goals for a single session.

At the same time, KA activities can take on a level of independence from broader project activi-
ties that allows for more flexibility. The KA plan should be centrally accessible to all people
involved in the KA enterprise (with appropriate visibility provided for different classes of users).
Results can be gathered and collated before transfer to the target community. Where the KA effort
can align with the stakeholder interests of people in the focus community, KA results can create
immediate value rather than being viewed only as a means to the ends represented by the target
community’s agenda.

4.2 Determining Enterprise Context

The planning approach described here assumes a scenario where an effort called the knowledge
acquisition enterprise or KA enterprise is initiated within a larger project context, such as a tech-
nology development project. The first step in KA planning is explicitly documenting this broader
context and its relation to the anticipated KA enterprise.

We first clarify how we are using the term “KA enterprise” in more detail, and outline the types of
scenarios where the concept applies most usefully. Subsequent sub-sections discuss the main con-
text elements that need to be described: the enterprise charter, strategic stakeholders, scope and
constraints.
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A Note on the Term “Enterprise”

We have chosen the term “KA enterprise” to describe the overall scope of a Canvas-based KA
planning framework for several reasons. We want to distinguish a KA effort from the broader
project context in which it takes place, to avoid the confusion, for example, of referring to a KA
“project” within a software development “project”. Most often, KA efforts will not be initiated as
a separate project, under separate management or funded by a separate contractual vehicle.

At the same time, the term is intended to suggest more structure and coordination than a set of iso-
lated KA activities within a project related by common dynamics and performance aspects; e.g., if
arequirements analyst decides to spend some time observing users of the current system. This is a
drawback of the alternative term “KA effort”, used here on occasion to discuss the KA activities
within a project without emphasis on the formal planning context.

In addition, the term “enterprise” suggests those aspects of KA that remain relatively constant
over the course of the broader project context. The initial planning steps outlined here aid in iden-
tifying and stabilizing these strategic aspects. For example, the intended audience for individual
workproducts created from KA sessions will vary; but a target community for the KA effort as a
whole needs to be clearly identified at the outset to guide subsequent more specific planning
choices. Thus, a session plan will record the intended audience for the workproducts to be pro-
duced in the context of an enterprise plan which identifies the target community.

Enterprises vs. Organizations

The term “enterprise” might suggest to some readers a dedicated organizational structure for KA
(i.e., as used in the sense of “enterprise solutions” and “enterprise-wide models™). Our use of the
term here does not assume, but can encompass, such a structure. The typical structure assumed by
the framework is that of an investigator team formed specifically for the KA enterprise within a
project, where the investigators may originally be drawn from members of the focus or target
communities respectively, or from a specialized community with competencies in KA. Of course,
this scenario can lead to more persistent organizational forms. Over the course of the project, the
investigator team may increasingly form a distinct community, both of interest (as strategic stake-
holders) and of knowledge (as an emergent community of practice). This may create interest in
continuing the KA role beyond the scope of the initiating project. Thus, the investigator team will
most typically begin as a strategic stakeholder grouping, and may over time become a distinct
community of practice.

By contrast, note that typically the focus and target communities are not formed specifically for
the KA enterprise. Knowledge acquisition in the Canvas framework assumes pre-existing focus as
well as target communities of practice. However, a subset of the focus community (the infor-
mants) and of the target community (audience) will be selected as part of the planning process and
in the final dissemination of KA results. These sub-groups may gradually take on their own per-
spectives as strategic stakeholders, changing the roles of the participants within their respective
communities. In addition, as with the investigator team, these sub-groups may gradually take on
aspects of distinct communities of practice.

Recognition of these dynamics can help planners to anticipate a number of issues in managing the
overall project, and to facilitate development of the various emerging communities of practice
(investigator, informant, audience) in ways appropriate to overall goals.

In some cases an ongoing community of practice functions in an investigator role for repeated
engagements. For example, groups have been formed within large companies such as DEC or
Xerox to provide specialized KA services as members of design teams for development of spe-
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cific technologies. In such cases one could speak of a “KA enterprise” in a more literal sense, as a
KA organization. Here, investigators have a stake in developing their capabilities for repeated KA
engagements, even in domains where they do not have specific expertise. Addressing the full stra-
tegic requirements of such a KA organization is beyond the scope of this document, although

Canvas concepts would be of value in determining the mission and scope of such an organization.

4.2.1 Defining KA Enterprise Charter

The KA enterprise charter documents the project context within which KA will take place. The
following questions provide a checklist of issues to consider:

1) What is the broader project context within which KA will take place? What type of project is
1t? Is the concept of systematic knowledge acquisition an accepted aspect of the project, or
does it represent an innovative approach that will require some explanation and education?

2) Where will KA activities take place within the broader project context? Will all these activi-
ties be coordinated within the framework of the KA enterprise?

3) What are the key inputs available from the broader project context to the KA planning (and
later, performance) activities?

4) What are the results expected from the KA enterprise? How critical are they to overall project
objectives? Are there additional “spin-off” results expected from the KA enterprise that do
not directly address broader project goals?

One helpful way of documenting the context is an overall process diagram, organizational picture,
and/or life cycle model for the project, with indications of where the KA effort falls within that
picture. In Appendix A, which describes the interface between ODM and Canvas, Exhibit 26 pro-
vides an example of this kind of process diagram, showing the place of the knowledge acquisition
enterprise within the ODM domain engineering life cycle.

Different Project Contexts

For the focus of this document, the most typical scenario would be a technology development
project for which planners have decided to approach certain information-gathering activities from
a coordinated KA perspective. This scenario would correspond to KA’s place within a broader
SEP or ODM context, for example.

Example. Viewing TCIMS as a KA enterprise, the overall project scope was a large-scale
consortium program involving multiple companies, potential user groups, etc. to develop
next-generation medical technology, covering a range of potential technologies including
conventional software systems and intelligent systems. Potential applications included
trauma care situations in military (both combat and humanitarian or peace-keeping missions),
and civilian (urban and rural) settings.

Knowledge acquisition aspects of the overall program were structured as a separately man-
aged project (probably to an atypical degree). Separate organizations and individuals were
tapped as investigators. These individuals had varying degrees of specialized knowledge in
KA and knowledge representation/modeling techniques, and varying degrees of knowledge
in the medical fields of interest. They thus had varying degrees in continuing a formal KA
role after the completion of the TCIMS project itself.
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KA activities could play a role at multiple points in the life cycle of such a technology develop-
ment project. A requirements analyst developing specifications for the new system might inter-
view end-users about particular requirements or problems with the current system. For
deployment of technology in environments where some legacy technology is already in place, KA
can be used as a way of understanding the current workplace and the role of technology in that
workplace.

In each of these cases, failure to utilize a KA perspective results in increased risk and lost oppor-
tunities. Gathering information about people’s desires, expectations, or guiding decisions may
introduce very different dynamics as compared to acquiring knowledge about current practice.
Activities viewed by developers as “requirements gathering” may be perceived by participants as
knowledge acquisition, thus raising numerous stakeholder issues and points of resistance (e.g.,
protection of knowledge to preserve job security). Or real KA activities may be interpreted as
requirements gathering, and desires expressed in knowledge-gathering sessions may take on the
problematic status of requirements requested and not met by developers.

The above points concern transfer of information about the operational environment where the
system will be deployed fo system developers. Some knowledge transfer is also required from
developer 7o the user community, in terms of installation support, training, technical support, and
acceptance testing. The extent to which the deployed system is a “cultural artifact” of the develop-
ers’ community, a community distinct from that which will make use of the system, is often
nearly invisible to the developers themselves.

Use of a KA framework as a way of gathering “as-is” information prior to intervention is not con-
fined to technology development in the narrow sense. Similar information-gathering or assess-
ment could be done by a consultant as preparation for recommending changes in business
practices or work processes.

A common theme in these scenarios is that the KA enterprise provides information to guide inter-
vention in the focus community. In certain cases no obvious intervention, such as deployment of a
new system or changes to work processes, is intended for the focus community. In such cases the
“broader project context” might appear to be almost coincident with the KA enterprise itself.

Example. Consider knowledge acquisition undertaken as part of a student’s graduate research
project in the social sciences. Such a project is motivated (and financed) as part of a larger
theoretical agenda, probably involving multiple researchers over a long period of time. Here
the objective of knowledge acquisition is to codify some knowledge from a particular com-
munity and make it accessible to a different community, of academic researchers. The
research results may also turn out to be of interest to the community being studied; and in any
case the wider exposure of that information may dramatically affect that community.

Thus the same issues are involved, though they may be veiled beneath the subtle political and pro-
fessional “stakeholder” interests in academic research. Even in such cases, where intervention in
the focus community is not an explicit goal, it is still useful to consider the ultimate stakeholders
for the knowledge acquisition effort.

4.2.2 Identifying KA Enterprise Strategic Stakeholders

The KA enterprise charter helps to establish the primary stakeholders for the enterprise. The pur-
pose of this activity is to identify all groups or individuals that have particular strategic interests in
the process or outcomes of the KA activities to be performed. The eventual objectives determined
for the KA enterprise need to be aligned with the interests of these key stakeholders. In the follow-
ing paragraphs, we clarify distinctive aspects of stakeholders for the KA enterprise.
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Who Are Stakeholders?

While the notion of stakeholders has general relevance for any project planning, we will need to
consider stakeholder roles and relationships from a few aspects particular to the KA context. In
general, stakeholders can include the following types of entities:

® Organizations
* Projects
* Groups (ongoing, or chartered with a specific mission or task relevant to the overall project)

* Individuals (project managers, key decision-makers, potential project members)

The key characteristic of entities described in the stakeholder view is that they have strategic sig-
nificance. Later we will map the organizations and individuals involved in terms of their knowl-
edge in various areas. Here we are looking for strategic relationships such as sponsorship,
accountability, authority, potential competition, and provider-customer relationships.

The stakeholder roles that are most significant from the standpoint of knowledge acquisition are
those that have already been discussed in some detail:

* Who has the knowledge that is the focus of the KA effort? These people will be candidates for
becoming informants as part of the KA enterprise. However, those people who are selected as
informants are not the only stakeholders from a strategic perspective. Anyone in the commu-
nity who self-identifies or is identified as a “holder” of the knowledge is likely to be affected
in some way by the outcome of the project.

* Who wants the knowledge ? These people will be candidates for the audience for the codified
knowledge within the target community. Once again, those who are not selected for the audi-
ence will also have a stakeholder perspective to be considered.

* Who will elicit the knowledge? These people are the candidates for becoming investigators
for the KA enterprise. They may have many stakeholder issues of their own.

This step may cause some confusion if we imagine carrying out the steps outlined here in a
strictly sequential way, as it seems to be based on decisions not yet made: i.e., who are the specific
informants, audience, investigators, etc.? The primary purpose for doing this analysis at this point
is to translate the stakeholder perspective of the broader project into KA-specific terms that can
inform the rest of the planning process. After specific KA roles have been selected for particular
communities, further rounds of stakeholder analysis will be performed as necessary.

In addition to identifying KA-specific stakeholder roles, it is important to scan here for multiple
stakeholders that could potentially perform the same role. For example, many potential groups
could be a source of informants. This may necessitate prioritizing and selection later on; or, if
gathering systematic variability information is an explicit objective, it may be necessary to gather
data from multiple groups in a manner that facilitates comparison and synthesis of this data.

Depending on the type of overall project context and the degree of formality with which it is per-
formed, there may be more or less thorough stakeholder information available to draw on to deter-
mine the strategic stakeholders for the KA enterprise. For a software or system engineering effort,
a formal stakeholder analysis is not a typical up-front planning activity (although it is a good gen-
eral risk-reduction strategy). Thus there may be some “remedial” stakeholder analysis required. In
a formal ODM context, a model of domain engineering project stakeholders would be created as
part of the initial Domain Planning phase.
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The emphasis here is on tracing the broader project stakeholder picture down to the stakeholder
aspects relevant to knowledge acquisition. However, this does not mean that the KA enterprise
stakeholders will always be a subset of the broader project stakeholders (even one further differ-
entiated in terms of KA roles). To the extent that the KA enterprise charter has a general knowl-
edge area as a goal, KA stakeholders may include stakeholders not considered at the broader
project level. In effect, a topic or knowledge area creates a focus for a community of practice that
will span organizational boundaries.

Example. Consider a project to transfer technical expertise from a research and development
(R&D) group into a codified form that can be utilized by strategic marketers and proposal
analysts to help them identify candidate research projects to pursue. Here, the overall project
context could be a specific response to identified proposal opportunities, or a more general
initiative to institute more effective knowledge management across groups (hence, an internal
organizational change or process improvement project). However, any topic selected for a
specific KA effort will probably involve a much broader research, academic and industrial
community, of which the research staff available to the project are only a small subset. From
the knowledge acquisition planning aspect, this broader set of stakeholders must be consid-
ered because the entire strategic value of the KA effort may rest on an understanding of the
internal researchers’ position within this broader community.

This helps to highlight a distinction that is important to the KA planning process: between stake-
holder groups and communities of practice. The former have common strategic interests; the latter
have a common basis of knowledge about some area of practice. The two ways of viewing people
and organizations are complementary but distinct. Not every stakeholder group will form a dis-
tinct community of practice; the group may be drawn from a larger community of practice, or
could link people from multiple communities. Conversely, for a given KA effort, not every com-
munity of practice will have a relevant stakeholder interest. This distinction will be brought out at
various points further in the remaining planning process.

Documenting the Information

Generally this type of stakeholder information is familiar to the point of being “obvious” to many
project members. Since much of the information is “ready to hand” a simple brainstorming
approach can be effective, preferably with a small group. At this point inclusiveness is a good cri-
terion, so iteration should result in additional stakeholders missed on previous rounds. Thus flip-
charts are a reasonable medium, because the information, once captured, usually stays around (not
a lot of deleting) and the chart is easily archived.

Stakeholders listed may be clustered according to organization or project-specific roles but it is
difficult to simultaneously gather the names and develop a semantically significant spatial place-
ment of the data. If deemed useful, a second pass over the listed stakeholders can be used to tran-
scribe the material into a more clustered or spatially organized form.

4.2.3 Determining KA Enterprise Scope

The KA enterprise scope is a further refinement of the charter and strategic stakeholder picture for
the enterprise. If the charter provides the organizational context, the enterprise scope provides the
thematic or topical context for the KA enterprise. The scope helps to determine what overall top-
ics or domains of interest are appropriate for the project. The charter may identify overall organi-
zational objectives or goals, but these may be satisfied by a variety of topics as focal points for the
effort. Typically, though, there are topics that have been pre-determined to some degree as the
intended focus of interest. The purpose of this step is to make sure that these assumptions have
been explicitly documented.
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Example. In the TCIMS project, it was clearly an objective to capture knowledge useful to
technology developers in creating new applications to support trauma care. However, knowl-
edge about this topic is closely interwoven with knowledge about many other areas of the
medical field, many interacting systems in the operational environment, etc. This meant that
some data was collected that was deemed not useful by developers.

Determining the scope may appear to be a “nicety” in the planning process. Based on initial case
studies and our subsequent experience, we believe failure to clarify scope can lead to significant
breakdowns in the overall project downstream. The reason is that the KA process becomes the
pressure point for conflicting stakeholder objectives.

For example, in a conventional software engineering project, KA can be used as a kind of “pre-
requirements” data gathering phase. But what, then, is the scope of the knowledge to be gathered
about the current work environment?

* Workflow information: how people perform tasks, collaborate, make decisions?
* System interaction information: how people interact with the system to get their job done?

* Desired improvements, changes, complaints: all the detailed knowledge about how systems
don’t work and how people manage to work around them?

Gathering too much of the wrong kind of information for the developers’ needs will consume
scarce resources, reduce interest in KA results by increasing the noise-to-data ratio, and risk creat-
ing inappropriate expectations on the part of people in the user community. Yet without a definite
set of requirements, the KA investigator is caught in a Catch-22, because there may be no obvious
way to translate the developers’ interests into a clear scope for managing the data gathering pro-
cess. Lack of clarity around fundamental questions—whether “as is” or “to be” information is to
be gathered, system or workflow, routine process vs. intelligent decision-making, individual vs.
group activity, whether exhaustive or sampled data gathering is required—can create major prob-
lems.

In the ODM context, knowledge acquisition does not begin until there is a clear and validated
domain definition established. Recognition of the issues above is one motivation for this process
structure within ODM. Because domain engineering involves the comparative study of multiple
systems or potential settings for new systems, any problems in scope that beset conventional sin-
gle-system engineering are likely to be magnified in the domain engineering context. ODM places
KA within a clearly defined descriptive phase; this structure helps communicate to informants
that gathering information is a different process from acting upon the information as require-
ments.

This same descriptive framework can be useful for any KA effort performed as part of a larger
technology development project. In fact, the ODM processes of domain scoping and definition, as
described in detail in [49], can provide a useful approach in any KA effort.

Example. In the TCIMS effort, certain high-level domain partitions were established to help
structure and guide the KA enterprise. These included a focus on military, civilian urban, and
civilian rural trauma care situations in separate phases of the project. The focus on trauma
care defined a scope that excluded other areas amenable to the core technology approach
(hand-held networked computer technology in the field), such as remote monitoring of
patients with chronic medical conditions. Such diverse application environments could be
investigated by a marketing study but would not provide an adequate focus for a KA effort.
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4.2.4 Identifying KA Enterprise Constraints

Constraints are a factor in any project planning effort; but, once again, our focus on knowledge
acquisition raises particular constraint issues that should be explicitly addressed. These issues
include the following:

* Constraints on informant availability. Informants’ time is a scarce resource. Unlike typical
development projects, the norm for a KA effort is that informants will not be assigned as KA
staff; instead they must be “borrowed” for sessions from their own management, active
projects, etc.

* Restrictions on data. By its nature, knowledge is a sensitive area of intellectual property. Yet
the business of KA, as defined here, is transfer of knowledge across communities of practice.
There can be stringent restrictions on the free propagation of such knowledge, both outside of
and within corporations. Issues such as use of data of classified status, proprietary data in
consortium situations, legal ramifications of inaccurate data, or data that raises personal pri-
vacy issues (e.g., medical case histories) need to be considered.

* Budget restrictions. One of the major advantages of enterprise-level KA planning is that it
helps ensure an efficient use of resources for KA activities. This requires some notion of the
overall budget of resources within which to search for reasonable strategies. In addition,
knowledge acquisition, unlike system design to a specified set of requirements, is by its
nature an “open-ended” activity. It is difficult to say when one has gathered “enough” knowl-
edge about a given topic. Identifying constraints on effort (and monitoring effort expended)
are one fairly objective way to maintain control of the process.

Here one of the important points is to consider the “invisible” time sinks in a KA project. As
a simple example, for the TCIMS project the typical time required to write up a thorough
report of a one-hour interview was on the order of eight hours.

* Time constraints. For many KA enterprises, the primary goal is to get certain information into
the hands of people in the target community in a timely fashion to help support certain inter-
ventions. There may be hard windows of opportunity that constitute successful transfer of
data for the enterprise. These must be clearly laid out up front.

In situations where KA is being used to support technology efforts, it can happen that the
schedule pressures on developers force them to begin work on the system long before the
results of KA are distilled and ready for hand-off. Just as the investigators often have no
direct managerial access to informants, so they must often respond to these other schedule
constraints or risk having their work ignored.

Each constraint category outlined above has some particular significance for KA. It is useful to
document these constraints as a final step of the KA enterprise context-setting part of planning.

4.3 KA Enterprise Objectives

The preceding section suggests ways of identifying overall project goals that guide the KA pro-
cess. These goals must be translated into actionable plans for KA: specifics about where and from
what sources knowledge is to be acquired, how it is to be represented, etc. This section outlines a
process for deriving these detailed objectives for the KA enterprise.

To understand the steps of this part of the KA planning process, it is helpful to characterize what a

final “KA objective” will look like. Linking back to our original definition of KA as a transfer of
knowledge across communities of practice, we will need to identify the following:
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* Which communities of practice are involved in the transfer?
* What kind of knowledge is to be transferred?

* What will be done with the knowledge? That is, what will someone in the target community
be able to do, with the transferred knowledge, that s/he could not have done previously?
(Without answering this question we can’t establish success criteria for the transfer.)

These questions are addressed, first, by identifying the distinct communities of practice that fall
within the strategic scope of the KA enterprise. This process is described in detail in

Section 4.3.1. These communities are referenced in the second main component of the objectives,
the knowledge transfer configurations, which directly reference the distinct KA “modes” intro-
duced in Section 3.1.6. Each configuration places particular communities in the focus, investiga-
tor and target roles respectively, and establishes specific knowledge transfer objectives for those
communities. Knowledge transfer configurations are described in detail in Section 4.3.2. There
may be multiple objectives defined for a given KA enterprise; these objectives may resolve into
different phases of the overall effort. The third component of the KA objectives involves global
objectives such as the extent to which systematic acquisition of variability data is required.

4.3.1 Identifying Communities of Practice

At the start of planning we developed a strategic stakeholder picture which helped to establish the
charter, scope and constraints for the KA effort. We now need a more detailed view of the various
distinct communities of practice within the scope of the KA enterprise, and their relationships
from the standpoint of potential knowledge transfer. This planning step builds directly on the core
concepts introduced in Section 3.1.1. It provides a basis for defining specific KA objectives in
terms of the knowledge transfer roles to be played by these communities.

Use of the term “community of practice” as part of the Canvas approach emphasizes our orienta-
tion towards the type of knowledge that is created and maintained through collaborative practice
in the work setting. It is important to distinguish strategic stakeholder groups from communities
of practice; these can be, but need not be, coincident. In general, communities of practice are
ongoing communities, not defined by tasks or projects with fixed time frames. This is partly
because knowledge and shared culture grow over longer periods of time; partly because a commu-
nity not defined by a single project goes through different kinds of formation, boundary mainte-
nance and focusing dynamics.

So an organizational entity considered as a single strategic stakeholder for planning purposes may
span multiple communities of practice; conversely, a single community may have multiple strate-
gic “stakes” in the KA enterprise. Stakeholder vs. community-of-practice relations are inter-
dependent but separable. One administrative unit of an organization may house several distinct
communities of practice, perhaps as a result of prior mergers or organizational restructuring, per-
haps as a result of stratification of roles (e.g., engineers vs. marketing personnel). Conversely, a
single community of practice may span several groups called out as distinct strategic stakeholders
and multiple organizations.

Communities of practice can be conceived as overlapping or even in subset/superset relationships.

Example. Consider a hospital environment, where doctors and nurses work together with an
extensive shared professional culture. Doctors, nurses, and other personnel such as adminis-
trative staff can be said to form a distinct community of practice. At the same time, doctors
have specialized terminology, social and cultural interactions which make them a distinct
community of practice; similarly, nursing staff would form a distinct community.

65




4.3.1 Identifying Communities of Practice STARS-PA29-AC01/001/01

The distinctions between stakeholder groups and communities of practice are not hard and fast. A
group of people chartered to carry out some decision-making task in a very specified and con-
strained time frame are best dealt with as a strategic stakeholder group. If, however, this group
persists in time long enough to begin to form specific group dynamics, such as boundary criteria,
shared language, values and objectives, the group may begin to act from a base of shared knowl-
edge.

A transitional notion could be termed a “community of action”. Any group with shared knowl-
edge has some shared context for action utilizing that knowledge that helps shapes the dynamics
of the community. When the organizing principle of the group is primarily around shared tasks or
activities without a common and distinguishing body of knowledge as a foundation, we can con-
sider the group more a community of action than a community of practice.

Example. In the hospital environment, a group of doctors and nurses are convened as a task
force to oversee the adoption of a new computer system. As the task force begins, the group
represents a collection of different stakeholder views, linked by a common strategic perspec-
tive (they are all members of the task force). All members of the task force may be members
of the hospital staff community of practice, but that does not make the task force a distinct
community of practice. It is, however, a “community of action”.

If, over time, such a group develops shared context around the system evaluation process, interac-
tions with system developers, etc., they may increasingly take on a distinct community of practice
role. Conversely, once communities of practice become involved in a KA effort, certain unique
stakeholder interests arise out of that participation. Thus, later in the KA planning process, we
will revisit strategic stakeholder issues again (as described in Section 4.4). At this point, KA
enterprise roles will be defined in terms of membership in specific communities of practice. Mem-
bership in a community of practice with a defined knowledge transfer role (i.e., focus, investiga-
tor, target) will engender specific stakeholder interests that need to be considered in more detail.

Community of Practice Diagrams

For capturing a “communities of practice” view, we describe a specific technique developed in a
pilot application of the Canvas planning approach. Readers should feel free to try this approach,
experimenting and extending as appropriate.

The basic notation is that of simple Venn diagrams or “interlocking bubble” diagrams. Each bub-
ble or circle is labelled with a name for a specific proposed community of practice. Where possi-
ble, choose names that help maintain a separation between strategic or business entities and the
groupings that correspond to communities of practice. It is possible to build several layers of the
diagrams, to describe “sub-communities” where it is necessary to look at the relations in more
detail. It may also be helpful to “populate” the communities with example individuals, repre-
sented as “dots” (in a separate color) placed within the interlocking circles as appropriate. Of par-
ticular interest are “bridgers”, individuals or groups who are placed in the overlap of two
communities. As a validation step, it should be possible to name at least one such bridging indi-
vidual for any communities drawn as overlapping.

This diagrammatic form is particularly amenable to development and validation in collaborative
group sessions. Rich data can emerge in the process of developing a communities of practice view
and deciding, for example, whether two communities are disjoint or overlapping. The act of
recording and discussing the data stimulates re-thinking; thus frequent changes and re-drawing
may occur. To facilitate this form of elicitation, the diagrams are best drawn on a medium facili-
tating common view during creation, lots of space, and the ability to rub out and correct, i.e., a
whiteboard rather than a flip-chart for the initial draft.
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The activity of capturing the communities view will often elicit historical data. For example,
when people from different groups are moved together, a legacy of distinct communities often
remains even though a new overall culture will form slowly. Similarly, when geographic disper-
sion occurs a shared community may persevere for a while, although eventually the separated
groups will tend to form different communities. These change processes are slow relative to
project life cycle, and would generally occur over a span of at least several projects.

In addition to static relationships like inclusion and overlapping, and the historical data that may
underlie these relations, certain patterns of knowledge transfer among communities may emerge
from the analysis. These may foreshadow the knowledge transfer configurations that will be deter-
mined as specific objectives for the KA effort, but they are more descriptive in nature. For exam-
ple, one common pattern is a “chain” pattern that corresponds to well-known technology transfer
roles (innovator, transfer agent, receptor, adopter).

To summarize, the communities of practice view should indicate the following:

* Relevant communities and sub-communities within the scope of the KA enterprise. This
should include focus, investigator and target communities.

* Relationships of subset/superset between communities. In these cases, validate with a spe-
cific individual in the broader but not the narrower community.

* Relationships of overlap. Validate by identifying a “bridging” individual or group that is a
member of both communities.

* Layering of diagrams where appropriate so that a given sub-community can be described in a
separate picture.

* Consideration of historical relations that may underlie the formation or divergence of com-
munities of practice.

* Patterns such as innovator/transfer agent/receptor/adopter chains.

There are other potential uses for the community of practice view of a given organizational con-
text. For example, such a view can be used to document, and possibly to predict, where potential
communication breakdowns may result from discontinuity in underlying patterns of shared versus
localized knowledge. These types of breakdowns are distinct from those resulting from individual
temperament or interpersonal conflict; they are, as it were, consequences of boundaries in the
“knowledge environment”. This sub-section has focused only on capturing the information about
community of practice relations needed to establish KA enterprise objectives.

4.3.2 Identifying Knowledge Transfer Configurations

A knowledge transfer configuration shows one way that communities of practice can be orga-
nized into focus, investigator, and target roles. Some of the possible basic knowledge transfer con-
figurations were shown generically in Section 3.1.6. The purpose of this activity is to identify all
potential configurations of this kind within the enterprise scope, working from the enterprise char-
ter, strategic stakeholders and constraints, and utilizing the communities of practice view devel-
oped in Section 4.3.1.

This activity can be done in “brainstorming” mode because the immediate goal is not to decide on
a specific configuration but to generate a number of alternatives. Each alternative should be rele-
vant to some identified goal for the overall project, but in general more configurations will be
identified than can be addressed given the resources available for the KA effort.
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It is necessary to identify target and focus communities for the KA effort. If informants are con-
sidered to be potential users of the information gathered, then the target community includes the
focus community. If there is a third, distinct target community (e.g., technology developers) then
the investigators will be playing a strong “translation” role between the communities. For each
knowledge transfer configuration identified, a knowledge transfer configuration diagram is drawn.

Knowledge transfer configuration diagrams

Here we introduce another suggested diagramming technique for experimentation, based on some
initia] trial experimentation. Knowledge transfer configurations can be notated as bubble-and-
arrow diagrams with some simple semantics. A bubble represents a community of practice, gener-
ally decomposed to the smallest grouping relevant to the objectives. These diagrams are essen-
tially sequential lists of diagrams based on the knowledge transfer modes described in

Section 3.1.6 and illustrated in Exhibit 4.

Three types of bubbles need to be distinguished: focus, investigator and target roles respectively.
A given bubble is labeled with the name of a distinct community of practice (from the communi-
ties of practice diagram) that fills the role. Arrows are drawn from the focus community to the
investigator community (representing an elicitation transfer), and from the investigator commu-
nity to the target community (representing codification and transfer).

In a given configuration, a single community may play multiple roles; in this case, we draw the
community bubble only once. For example, a community playing both investigator and target
roles is depicted with a “self-referent” arrow from and to the same bubble. Several bubbles can
play a given role in a single diagram; for example, when an investigator community integrates
knowledge from two or more focus communities.

Nested diagrams can be used to expand bubbles to a lower level of detail, i.e., showing more spe-
cific transfer among sub-communities. Configuration diagrams should not, however, be decom-
posed down to the level of dealing with knowledge transfer to specific individuals. The KA
process is more than the learning of a new field by a single individual. Thus enterprise objectives
should emphasize, and the knowledge transfer configuration diagrams should illustrate, the
enabling of knowledge transfer across communities as a whole, not merely individuals within
those communities.

Configurations can also overlap. For example, a community playing the target role in one configu-
ration can later play an investigator role for a new target community farther down the knowledge
transfer “pipeline”. We do not attempt to depict these temporal relations between configurations at
this point; this would overload the simple semantics of the diagrams that make them useful for
clarifying objectives.

The configurations are used directly in selecting specific objectives for the KA effort. In addition,
the process of developing the set of configurations is useful as a form of risk assessment and to
flag relevant stakeholder interests to consider. The insights generated by the brainstorming and
revision process are often worth noting for future reference. Refinement, consolidation or splitting
of configurations is part of the process. First-draft diagrams will be superseded by latter diagrams,
where the scope of various roles (source, investigator, target) may have been widened or nar-
rowed.

Eventually, the transfer modes introduced in Section 3.1.6 could be extended into a set of patterns
with associated guidelines and issues to consider. For example, a typical configuration is when the
investigator community is a sub-community of the target community; e.g., a group of software

engineers are given the task of collecting end-user requirements for a new system. Issues to con-
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sider might be: barriers to dissemination of the knowledge acquired to peer groups within the tar-
get community that may be identified or self-identify as competitors to the investigator group;
bias introduced by the implicit contextual assumptions shared between investigators and audi-
ence; and the risks of the investigator community being inadequately trained in the specific skills
and practices of knowledge acquisition as a discipline.

4.3.3 Selecting Specific Objectives

Once knowledge transfer configuration diagrams have been created, specific objectives can be
selected for the KA effort. First, a set of knowledge transfer configurations are selected as goals
for the effort. Knowledge transfer configurations should be selected that meet stakeholder expec-
tations and are consistent with the KA enterprise charter and constraints.

Each objective should have these components:

* Reference to a specific knowledge transfer configuration as the “map” of the knowledge
transfer goals;

* Reference to a specific domain, topic or range of topics/types of knowledge that are the focus
of the transfer;

* Ciriteria for the intervention to be effected by the KA process relative to this objective;

* Specific objectives for each stakeholder group and/or community of practice involved in the
configuration;

* Traceability of the objective to overall project goals (as reflected in enterprise charter).

4.3.4 Developing Phase Plan

If the KA effort is large enough for knowledge acquisition to be performed in a number of phases,
knowledge transfer configurations can be selected for each phase. Further planning activities
described in this section may need to be revisited for individual phases, including setting phase
objectives, assessing stakeholder interests, selecting elements, and planning threads and sessions.
These activities are not qualitatively different at the enterprise or phase level, so the discussions
can be applied readily where appropriate.

It is helpful to have clear differentiation between phases. Different topics or domains of focus are
one obvious way of breaking the enterprise into phases; but these should be traced, if possible, to
differences in the communities of practice involved—different focus communities, different target
communities, etc. One typical “roll-out” pattern for phases involves moving the entire KA life
cycle “downstream”, so that investigators become the “answer people” or surrogate informants,
and the audience within the target community become transfer agents to a further community.

When you have considered all configurations, some will be allocated to various phases of the
phase plan. Others will be out of scope for the current planning effort, but might be noted in a
“future opportunities” list for later consideration. Not all phases need to be committed phases; one
of the desired outcomes of a given phase can be to obtain commitment from key stakeholders to
proceed to some later phase. However, at the start of a given phase, it is necessary to know
whether or not KA will be carried out on the assumption that later phases will go forward. This
can have a significant impact on resources allocated and the way KA is actually performed.
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As arule of thumb, each phase should have as an outcome effective transfer of some knowledge to
a target community, where this transfer creates value for the target community (i.e., is not merely
a means to accomplishing a further KA objective). The primary stakeholders for each phase
should be clear. One additional advantage of the phased approach, besides breaking the enterprise
into more manageable phases, is to identify as many of these “interim outputs” as possible for the
enterprise.

When multiple configurations apply within a given phase, there should be clear priorities for
which have primary importance, and which are of secondary or “nice to have” status. Some con-
figurations may capture interim requirements, such as the need to obtain validation from the
source community. Such validation may impose requirements for specific workproducts or nota-
tions to ensure the ability to get validation, but are not worth treating as a separate project phase in
terms of overall planning. They are necessary steps to get the data captured and validated.

Within each phase, there will be a common cycle of activities: planning, orientation, detailed data
gathering, integration, codification, presentation to the target audience, and re-planning. Several
of these cycles may occur within a given phase.

Planning a Pilot Phase

In our pilot application of the Canvas planning approach, resource constraints permitted only a
very cursory execution of the KA data gathering activity itself. Our experience suggests that there
are general advantages to this approach as a first phase of knowledge acquisition, even (or perhaps
especially) for large KA enterprises. A short pilot of one to three weeks’ duration serves to vali-
date the basic outline of the plan, get the investigators some direct experience in the field if this
has not already happened prior to formal planning, and provides a shake-down of the dossier
structure. Audience requirements gathering activities can be integrated into the initial phase. The
latter point is of particular importance; if the dossier structure is ill-formed, then the more data
that is collected before adjusting it, the greater the risk of potential loss of data or wasted effort
due to rework.

The pilot can also serve as a “calibration” pass to better hone estimates of things like required
preparation time for interviews, time required to debrief after sessions, etc. The flexible, respon-
sive “adaptive planning” approach described here, where results of interim KA sessions can reset
priorities and plans for subsequent knowledge acquisition activities, requires a high degree of pro-
cess maturity and estimation skill. Of course, such metrics will improve incrementally over the
life of the project, but it can help to identify major discrepancies prior to doing the final setting of
expectations for the project with sponsors and customers. Last but not least, by attempting to carry
out the pilot in a minimal amount of time, the project is simultaneously minimizing risk and
stress-testing the degree of “finesse” supported by the KA project management infrastructure. The
pilot should reflect a desired shortest increment for a cycle prior to adaptive re-planning. For large
projects, a pilot might even be desirable before seeking sign-off on the overall KA plan.

4.4 Assessing Stakeholder Interests

Once specific objectives have been determined for the KA enterprise and a preliminary phase plan
is established, it is advisable to do a more detailed level of stakeholder interests assessment. The
knowledge acquisition process has established roles using the knowledge transfer configurations
described in Section 4.3.2. Section 4.5 will describe criteria for selecting and characterizing these
roles in terms of their potential value to the KA results. Here we consider these roles from a stake-
holder point of view.
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This second phase of stakeholder analysis serves to validates the objectives established by system-
atically considering the impact of the desired knowledge transfer results from the standpoint of all
stakeholders involved. For each stakeholder, there may be conflicting incentives and disincentives.

The planning process should involve building the complete strategic picture before attempting to

develop piecemeal responses to particular issues and concerns. We are concerned with the follow-
ing questions:

* What motivators and/or incentives do stakeholders have to participate in the KA enterprise?

* What barriers, perceived risks or disincentives might exist for their participation? Having
identified key stakeholders with sufficient motivation to initiate the effort, it is easy to forget
to consider other players that may have strong interests threatened or compromised by the
KA objectives. By identifying potential obstacles such as certain stakeholders’ resistance to
enterprise objectives early in the process, mitigating strategies can be developed.

* What additional or synergistic outcomes could be defined for the KA process that might cre-
ate added value from the perspective of one or more stakeholders in the process? These can
help establish secondary objectives supporting the primary enterprise/phase objectives.

In addition, stakeholder assessment suggests criteria for selecting the specific elements (e.g., indi-
vidual investigators, informants, artifacts, etc.) for phases, threads and sessions based on stake-
holder considerations.

In the following sub-sections we consider the incentives and disincentives relevant to knowledge
acquisition for each role in the KA enterprise (focus, investigator and target community) as stake-
holders. Examples are cited from experiences in applying SEP on the TCIMS project. In the dis-
cussions below, we assume that the investigators are those playing the role of gathering
stakeholder input. In fact, this role could be played by a variety of people involved with project
planning.

The assessment process should include active involvement with stakeholders themselves. This
assessment process may thus reflect some elements of knowledge acquisition in its own right. For
example, it may require in-depth listening to stakeholders’ concerns about project impact or expe-
rience from previous projects similar (or perceived as similar) to the current KA effort. Planners
must be able to explain how the project differs from other previous research or change projects.
This process also involves active communication about the nature of the KA effort and the larger
project context to stakeholders. The way in which this assessment and presentation is performed
may have a strong influence on the acceptance of, and ultimate success of, the project.

4.4.1 Focus Community Interests

The most salient fact to consider in terms of focus community stakeholder interests is that these
are the people who are the source of knowledge for the KA effort. Whether the overall objective is
to codify that knowledge more effectively within the community, or to transfer it to members of
other communities, the net result is a change to those relationships within this community that are
defined by relative levels of knowledge.

The impact of this kind of organization or cultural change is easy to underestimate, because in
many organizations the most visible structural relations are based on authority, power and
accountability rather than knowledge per se. (The fact that Joe down the hall is the person to con-
sult about particular types of problems rarely shows up on organization charts.) Therefore signifi-
cant changes in the “knowledge ecology” of a group or organization may not appear as
organizational change; yet the repercussions may be as or more dramatic. In assessing the stake-
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holder interests of the focus community, therefore, we must consider the many reasons why a
change in the structure of knowledge relationships may serve, or may threaten, the strategic inter-
ests of the various people involved.

Motivators/Incentives

The KA process depends upon available artifacts and a pool of informants. Since informants must
take time out of their work to participate in the KA process, it is important to consider what incen-
tives are available to ensure that informants are engaged and enthusiastic about participating in the
KA process.

There can be many motivators for informants, including the following:
* potential enhancement of their status in the community as a result of participation;
* participating in a project that will make a useful contribution to their field;
* influencing key players they have been unable to influence;
* being heard, seen and recognized for their expertise;
* opportunity to improve the work environment through their input;
* opportunity to learn from and exchange knowledge with other practitioners;

* opportunity to disseminate their knowledge and experience more widely.

Informants’ perceptions of the project will have a major impact on their enthusiasm and willing-
ness to participate. A key incentive is belief that results of the KA effort, and the larger project of
which it is part, will make a useful contribution to their community. This depends upon the inves-
tigator’s ability to positively impress potential informants about the value of the project in ques-
tion, and the credibility of its anticipated results within the focus community. Informants will
want to know that the project is realistic (as opposed to a research “toy””), and feasible (instead of
being so ambitious that success is unlikely).

In some situations the potential informants of interest may be in a disempowered position. Thus
they may have been trying to influence colleagues, management, policies, etc. for some time and
may be exhausted or have even given up. An astute informant may recognize the KA effort as a
new and perhaps better vehicle for influencing practice, policy, structure, training, resource allo-
cation, etc. While this can provide strong motivation for participation it is an issue that must be
treated with great caution. Investigators may find tension resulting from multiple agendas between
project sponsors and informants; e.g., if the KA effort is the most direct avenue for communicat-
ing complaints and concerns to management. Investigators may even struggle with their own sym-
pathies since their position is a natural intermediary role. The investigator must negotiate a
balance between being an appropriate channel for being heard and being treated as a messenger to
ensure benefit to both the informant and to the KA effort.

Similar to the above motivator, a KA effort can provide a forum for listening, understanding, and
appreciating employees’ knowledge and expertise, and for documenting local, informal innova-
tions. In many organizations, management holds a simplistic view of lower level jobs as being
rote and mechanical. Managing by this simplistic view is often less feasible than management
would like. John Seely Brown, head of research at Xerox PARC, claims, regarding the informal
daily innovation activities of even office clerks, “These informal activities remain mostly invisible
since they do not fall within the normal, specified procedures that employees are expected to fol-
low or managers expect to see.” [5] A KA effort may be an opportunity for employees to talk to




STARS-PA29-AC01/001/01 4.4.1 Focus Community Interests

somebody who cares about these “invisible” activities. The result may be to codify the activities
as “knowledge” that will not only improve practice, but will better educate managers in new ways
of observing and understanding employees’ work.

In general, the KA planner should consider ways of creating incentives for informant participa-
tion, including exploring synergistic goals that are peripheral to the main objectives of the project.
Even if the KA materials to be gathered are primarily intended for use by a separate community,
the KA enterprise may create enough interest on the part of informants that they see uses for the
resulting dossier not anticipated in advance (e.g., for training of new workers). The planning pro-
cess should be flexible enough to explore ways to offer such spin-off value or secondary benefits
to the focus community where possible.

Barriers/Disincentives

A number of factors may tend to discourage participation of potential informants, including sim-
ple though aggravating factors such as scheduling conflicts or total unavailability. In TCIMS,
some informants were reassigned to the field in Somalia and Haiti just as their input was needed,
necessitating a restructuring of the informant pool. Expert informants are often in high demand,
so scheduling may be non-trivial. Part of the rationale for careful management of dossier materi-
als is to ensure that such experts’ time is used as effectively and conservatively as possible.

In addition to these pragmatic issues, there are a number of other real or perceived risks that may
act as barriers to informant participation. Informants will naturally be concerned about potential
consequences of their participation in a KA effort. There may be distrust of the overall objectives
of the project for which KA is being performed (e.g., as part of a “technology push” effort, or part
of an undesired trend towards centralization and standardization of practice).

There is a perceived risk in documenting de facto rather than “official” procedures. In most orga-
nizations, undocumented processes evolve to compensate for weaknesses in formal business
structures and approved processes. Practitioners may believe that documenting these processes
will cause problems with authority figures in the organization or will invite the scorn of profes-
sional peers. Thus they may resist participating in the KA enterprise; or, if they do participate,
may “fudge” or dissemble rather than describe the true situation as they see it. In the TCIMS
project, there were many such considerations due to both the medical and military context, such as
legal issues, military protocol, etc. On the other hand, simply documenting official rather than
actual procedures may be viewed as supporting the status quo or evidence of superficiality in data
gathering

When such dynamics are at work, it is not enough to use elicitation techniques in the KA sessions
themselves as a cross-check for bias. The overall stakeholder picture must be addressed so that
informants are not “tricked” into revealing data that may cause problems for them. Strategies to
mitigate these concerns must maintain the confidence of the informants.

A related disincentive is the potential of repercussions to individual informants based on informa-
tion gathered. Responses could include the following:

* Knowledge source information can be kept privileged in specified respects;

* Anonymous aggregation of certain data can be performed. (This is more difficult with the
qualitative data typical of KA than with sample quantitative data typical of statistical studies
Or Surveys.)

* KA workproducts can be sanitized (though this risks introduction of systematic distortion in
the data).
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* The data itself can also be protected as proprietary. For example, In TCIMS, where infor-
mants may have perceived such risks for themselves, the consortium agreed at the outset to

keep all raw KA data as proprietary, thus guarding to some extent against repercussions to the
informants.

* The LIBRA document [48] involving “indirectness” assessment strategies such as gathering
data via hypothetical storyboarding versus direct case studies. These techniques can be used
to insulate informants from feared political consequences.

Another potential disincentive for informants is the perception that documentation of their knowl-
edge could compromise the job security or advantage offered by their own private expertise. This

is certainly a factor in some settings, e.g., the perceived threat that letter sorters might have felt in

interviews prior to development of automated letter sorting equipment in the U.S. Post Service. In
TCIMS, this did not seem to be an issue for medics, largely due to the knowledge-intensive nature
of their specialty. Medics have a common core of practice with an acknowledged high variability

in how those core procedures are applied and little likelihood of losing jobs to automation.

The issue above deals with expert informants who want to retain the advantage of their expertise
within the community. The KA process can also create tension for informants who lack confi-
dence about their own professional standing within the community. They may feel that participa-
tion in the KA process will “put them on the spot” or test their competence in the field.

This potential barrier is one reason we avoid use of the term “domain expert” as a blanket term for
a human knowledge source. For many kinds of KA tasks, we want to gather a rich set of data from
different perspectives, including those of practitioners in the work setting who would not consider
themselves experts in the sense relevant within that community. This issue is particularly impor-
tant when KA focuses on legacy systems being used in the field. Because of the nature of profes-
sional status in technology-intensive cultures, people who interact most extensively as users of
computer systems are often assigned relatively low professional status within their work settings.
Yet their expertise in dealing with current systems, getting information in and out of them, work-
ing around their limits, etc., may be highly relevant to the KA objectives for a technology devel-

opment project. Thus the very language used in presenting the objectives and structure of the KA
effort can build or compromise receptivity.

Other strategies for mitigating this perceived risk, important throughout the KA effort, include:
giving informants adequate time to prepare for interviews; making expectations and objectives of
sessions clear up front; allowing informants to defer to established sources within the interview
for validation (“Check up in the manual on what I said; it’s something like that anyway...”); keep-
ing data confidential; and allowing informants to validate the write-up from their sessions to their
satisfaction. There are, of course, associated issues with each of these strategies. At a minimum,
KA planners must remain sensitive to the double-edged sword that the issue of “expert status”
may present to their potential informants.

The above points highlight the fact that stakeholder issues must be considered, not only in plan-
ning, but throughout the various interactions with informants over the course of the project. Treat-
ing the informant with respect (e.g., being on time, arranging a pleasant environment for the
interview, and being personable) may seem an obvious guideline, but can have a great impact on
an informant’s receptivity to the KA process. Being chosen to participate in a KA effort may be
felt to be of questionable value (as may be reflected in humorous characterizations of “participant
as victim” or “getting our brains picked”). A KA process that considers informants’ needs and
interests and values their time and knowledge will go a long way to building receptivity, and even
encouraging other practitioners to participate.
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Other Focus Community Stakeholders

While the discussion above mostly addresses the interests of those who will be informants for the
KA effort, it is also important to remember that all members of the focus community, not just
informants, are stakeholders. Some people will resist efforts to codify knowledge, for a variety of
reasons. Others may object to the specific target community involved in the effort. In TCIMS, the
patients involved in the work settings studied were clearly important stakeholders whose interests
needed to be protected, although they were not involved as informants. Patient’s rights to privacy
in data was a major concern.

The conflicts surrounding these varied interests may stay beneath the surface in the early planning
stages, only surfacing around detailed planning issues like the selection of informants. For exam-
ple, if the informants will get the opportunity to select the knowledge, opinions and viewpoints
that are reflected in the KA results, there may be strong political factors involved in who is or is
not selected.

4.4.2 Investigator Community Interests

Investigators have their own set of factors motivating their participation in KA that need to be
addressed: the organizational structure of the project team, project realities, and individual moti-
vational factors. From a stakeholder perspective, unique characteristics of the investigator role
includes the bridging or intermediary function performed, insider/outsider ambiguity in the rela-
tionship with the focus community, and the degree of commitment to a distinct community of
practice focused on the knowledge acquisition role itself. Investigators are most often drawn from
the focus or from the target community and rely on their own relevant knowledge in the field as
part of their basis for competency. In some cases there may be an external, professional KA com-
munity involved. The stakeholder issues will be different in each of these cases.

* For informants-turned-investigators, a change of status may result which could be viewed as
a benefit (a chance to change job roles or be promoted, to gain new skills, to gain visibility) or
a risk (getting pulled off of higher-profile active work tasks, losing rapport with one’s work
community).

* Conversely, for target community “draftees” to the investigator role, there may be mixed
incentives and concerns. For example, in a technology-oriented organization involvement in
the data-gathering activity may be deemed of lower status, even signalled by different job
titles and job descriptions; e.g., are investigators “engineers”, or paid as such? For other peo-
ple such involvement could represent a technical stretch; for example, technical documenta-
tion groups may be excellent resources to tap for investigator staff.

* For KA specialists (e.g., researchers, consultants, professional knowledge engineers, ethnog-
raphers) a very different set of stakes arises. They may be concerned about maintaining
“ownership” of the KA process and method expertise on the project, or may be oriented
towards the effective transfer of those skills to other, internal investigators as an objective of
the project. They may also have a separate stakeholder agenda of improving their own prac-
tice or deriving case studies for research. Developments that pull them too deeply into the
domain knowledge of the focus community, e.g., as “surrogate informants” to technologists
may present risks to their overall motivation for participation.

We will continue to draw upon TCIMS experience in the medical domain to provide some exam-
ples of these issues.
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Motivators/Incentives

In TCIMS, investigators were referred to as “KAs” or knowledge engineers. Because of their
unique relationship with the informants (called “experts” in the TCIMS context) who were in
many cases also decision makers, the KAs became some of the most effective ambassadors for the
TCIMS project to the focus community (sometimes called the “stakeholder community” in the
TCIMS context). This benefit of being on the front lines with the stakeholders was a source of
gratification to some KAs.

Also significant to both KAs and informants was the incentive to see the KA process provide tan-
gible direct benefits to the focus community. In cases where the KA team is serving as intermedi-
ary between domain practitioners (e.g., medical personnel) and technologists there is probably a
natural tendency for KAs to adopt a bit of a “champion” role, to ensure that the interests of the
focus community are being adequately addressed in technology development.

A source of both frustration and gratification for the investigators in TCIMS was that they were
drawn more into the technologists’ world than they desired. Some interactions between KA per-
sonnel and technologists amounted to their review of technologists’ designs with respect to infor-
mants’ expectations as the investigators understood them. This activity did enhance respect for the
investigators in the technologists’ community, and resulted in an emerging role for the KAs as
“ersatz users” or “answer persons” for the technologists, people who could provide information
about what would really happen in the field, could partially make the bridge to the technologists’
terminology and were more readily accessible than experts in the field.

Barriers/Disincentives

The time and effort required to serve in the role of the “answer person” may also turn out to be a
disincentive to some people. The investigator that prefers contact with the focus community may
find contact with the technologists a distraction. Also, if a goal of the investigator or the organiza-
tion the investigator serves is the development of transferable KA expertise then becoming the
“answer person” may not be desirable.

The above motivating factors depend upon the investigator achieving a reasonable level of knowl-
edge and understanding about the focus domain. The notion of the investigator thread in the Can-
vas framework explicitly models the additional domain knowledge acquired by investigators in
successive KA sessions, with the potentially both beneficial (e.g., familiarization) and undesired
(e.g., bias-producing) effects of this knowledge.

There are other disincentives to the investigator role. The practice of knowledge acquisition is not
a commonly accepted role in current technology projects, save those heavily influenced by per-
former experience, such as in artificial intelligence or similar technology. The result is that inves-
tigator is considered “optional” in the hierarchy of project personnel, a major disincentive to
becoming an investigator.

Another significant complication for TCIMS investigators was related to project pragmatics and
schedule. Investigators want their results used. The most tangible evidence is handoff and use of
KA results “downstream” in the project (by technologists). In theory, KA results should have pro-
vided input to the requirements specification phase of technology development. Given the itera-
tive nature of the TCIMS project approach, the investigators on TCIMS were of necessity working
in parallel with the technologists. These technologists were largely comprised of designers and
developers of computer software and mobile computing systems. The parallelism of work meant
that the investigators were continually adjusting their agendas to meet needs and expectations
from both focus and target communities.
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This placed considerable time constraints on the TCIMS investigators, pressing them to create
early results that could aid the requirements phase of the development effort. This created difficul-
ties, especially considering that the effort needed to adequately document sessions is consider-
able, being several hours per actual “contact hour.” Schedules were further strained by the
difficulty in getting access to informants. Time pressure and parallelism of the work prevented full
use of KA results in the downstream development efforts, a source of frustration for the investiga-
tors. Some prototype problems could have been avoided had information in the dossier been more
fully exploited.

4.4.3 Target Community Interests

From a stakeholder perspective, the primary role of the target community is to receive the knowl-
edge elicited and codified by the KA effort. However, this over-simplifies both the role and the
attendant demands it places on the target community:

* Being an audience for codified knowledge takes time, effort, and investment of resources.
There must be sufficient incentive to the community to make this happen.

* Transfer of knowledge is more than passive “reception”; the knowledge acquired must be
deployed or used effectively or the effort has not met its objectives. The real receptivity of the
intended target community to the knowledge likely to be obtained must be assessed on a real-
istic basis.

* More often than not, the transfer community will include the sponsors and/or funders of the
KA effort (since they are recipients of the results). Their stakeholder commitment, therefore,
must go beyond reviewing and even utilizing results. They must buy into the value of the
project up front, support it with sufficient resources over the course of the project, and, in the
end, must judge that the effort expended was a good investment.

These criteria for full stakeholder commitment from the target community are by no means simple
to meet. The following example from the TCIMS experience centers upon the target community,
the technologists charged with building systems that operate in the focus community.

Technologists operating in the DARPA project environment experience conflicting expectations.
There is a lot of pressure to construct demonstrations of varying fidelity and depth in a short time
frame. The nature of the work ensures that there is an absence of consensus requirements to guide
development. Further, in projects such as TCIMS, the consortium model of operation results in
commercial companies each seeking viable product ideas; this dynamic can work against the
competing dynamic of extensive knowledge sharing and exchange and close collaborative work.
The research nature of DARPA also tends to create expectations that participants will utilize other
DARPA products, that often involve unproven technology.

Motivators/Incentives

In the TCIMS environment technologists are in crucial need of usable and distilled domain knowl-
edge. The ideal situation for the technologists would be if the final product of KA amounted to a
real requirements specification. This is unlikely in practice. Other valuable input from the investi-
gators would be tangible and innovative product ideas. This has occurred at modest levels in
TCIMS due to the investigators’ interactions with articulate informants capable of describing
desirable future situations. Another motivational factor for technologists is that investigators may
potentially relieve the technologists of the need to carry out a lot of time consuming basic research
in the domain, provided information transfer from investigators to these technologists is efficient.
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Barriers/Disincentives

Chief among the barriers to using the results of knowledge acquisition by the technologists is that
the volume of written reports overwhelms their time and appetite for text. In TCIMS, this was a
common complaint, although materials were readily available on a server. Three methods were
used in TCIMS to mediate this problem: the KA was used as an “answer person” in both a review
and consultation capacity; a Web-based index of the KA results and derivative products was pro-
vided; and the large body of written reports were summarized and interpreted. This was partially
successful, but the fact that the KA effort was being pursued in the same time frame as when the
technologist were required to build and deliver the systems prevented realization of the full bene-
fits of these strategies.

A partial explanation of the difficulties experienced with information transfer was that many of
the TCIMS KA staff were not extensively experienced in the types of formal representations
which the technologists determined would be useful results. As a result, some less formal repre-
sentations were constructed for their use that had the additional benefit of being more understand-
able by the informants. A desirable adjunct to the less formal representations would have been an
automated interlingua that would facilitate the transformation of informal KA results to formal
representation. (These issues are discussed more thoroughly in Section 5.0.)

Technologists work under several conflicting constraints: DARPA project goals, as well as the
commercial needs of their respective organizations. KA results may impose still further, often
internally contradictory constraints, or additional complexity in requirements; e.g., doctors, med-
ics, and support personnel have varying requirements for platforms and interfaces. In the DARPA
context, the KA component of the overall project may have been perceived as driven in part by its
own intrinsic research objectives (as suggested in the discussion of investigator community stake-
holder interests above). Some resistance on the part of technologists to receiving certain kinds of
information from the KA process might therefore be predicted.

Given that some constraints will have to be suspended or at least relaxed, target community audi-
ence may be tempted to pressure investigators to resolve conflicts by imposing a normative, con-
solidated filter on the data. This could bias not only the knowledge transfer, but codification and
the initial elicitation processes (e.g., the interview protocol). Such conflicts could surface as a
stakeholder issue from the target community side (i.e., there is some data they do not necessarily
want to know), both at the outset and at the conclusion of the project More fundamentally, it is
worth remembering that technology developers may not be naturally receptive to information that
implies their technology or product ideas already committed to are not likely to be utilized in the
focus community. It is highly advisable to get these stakeholder interests clearly specified as early
as possible in the project. Knowledge acquisition is not the same activity as focus groups for new
product ideas, requirements specification and validation, or work process improvement for the
focus community. Yet a KA effort may readily be characterized along these lines, and hence yield
failed expectations and unused results.

This discussion has been heavily weighted to the TCIMS-relevant scenario, where the target com-
munity are technology product developers. Similar issues may arise in other cases, however.

4.4.4 Other Stakeholder Issues

We have seen that the separate stakeholder interests of focus, investigator and target communities
need to be considered as part of overall KA enterprise planning. Once these interests have been
identified, the relationships of specific objectives with specific interests of stakeholder groups
should be documented.
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It can be helpful to identify potential areas of conflict up front. Not all objectives are compatible
with the same project structure. As a simple example, if the KA enterprise is viewed by technolo-
gists as a kind of pre-requirements analysis to aid in technology design, and simultaneously
viewed by informants as an opportunity to air concerns about institutional practices within the
organization, these competing agendas could create tensions in the overall project and at the
detailed level of the individual KA session (e.g., maintaining desired focus within an interview).
The choice of representations for KA workproducts is one area where such conflicts are likely to
become visible quickly. To document acquired knowledge in a way immediately useful to the
focus community, amenable to validation by that community, or amenable to analysis by a target
community may require very different processes and representations.

If the KA enterprise goals explicitly involve organizational intervention, this should also be recog-
nized at the outset and appropriate change management issues addressed. The KA process may
bring together people who do not interact as part of routine work practice. This may create new
alliances and new perspectives on organizational relations, or may stir up potential conflicts. The
KA enterprise planners should consider the possibility of these dynamics up front and have strate-
gies at hand for responding appropriately.

4.5 Selecting the Elements

Once the KA objectives for the enterprise have been established and stakeholder interests have
been assessed, the key elements of the “canvas” need to be selected. Selecting the elements of KA
is largely a resource optimization problem. We have a lot of ground to cover and almost always
insufficient resources to do so as thoroughly as might be desired. What is the best strategy for allo-
cating the efforts of the various investigators, informants, etc.?

For each element type, both individuals and an overall “pool” is selected as part of planning. (The
“pool” of investigators might more typically be called the “KA team”.) The pool concept is useful
because some characteristics used as selection criteria may apply to groups rather than individu-
als; that is, the “pool” is more than a list of individual names. For example, perhaps only medics
from a given hospital setting will be interviewed for the project. The issues constraining these
choices (availability, stakeholder relations among organizations, logistics, resources etc.) will
generally be at a higher level than the issues affecting choice of particular individuals to be in the
pool. Thus for each of the characteristics for individual elements (described below), the pool
serves as a high-level “reality check” that overall KA enterprise goals are attainable.

For each type of element, a similar kind of process can be outlined:

* Select the characteristics desired for each individual choice (e.g., all investigators should be
familiar with the domain, select only informants from three key settings).

* Select the “candidate pool” that meets the overall criteria.

* Define criteria for the “pool” or set to be selected in each category. The required sampling
approach will be a key element here, highly dependent on the objectives for variability data.

* Further characterize the candidate elements according to the new criteria.

* Select the elements for the pool, based on individual and pool criteria and the characteriza-
tions.

* Identify risks and mitigation strategies based on characteristics of the selected pool.
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In the following sub-sections, we give guidelines for selecting and characterizing the elements of
the KA effort, starting with characterizing the focus communities of practice and selecting the
work settings for study, followed by the three groups that play a role in KA, the investigators,
informants and artifacts, and ending with the audience and topics. Investigators and informants
are chosen respectively from the investigator and focus communities of practice in the selected
knowledge transfer configuration(s).

While element selections are presented in a linear fashion, the various choices are highly inter-
dependent. In general, the best selection approach is to first make the choices most constrained by
the project context, then select other elements to mitigate risks, address gaps and limitations or
achieve synergies. For example, a KA enterprise could be initiated where it is predetermined that
a certain group of practitioners will be the only knowledge sources directly accessible to the team.
In this case, other knowledge sources (e.g., documentation, references, etc.) could be sought to
create a cohesive overall set. In another case, it may be that the topics of interest are highly con-
strained but more strategic choices can be made with respect to the informants.

Planning for Variability

In addition to the general considerations for selecting objectives of the KA enterprise, special care
needs to be taken to allow for the capture and documentation of variability. This will affect the
choice of representation of knowledge in the project. It will also have an impact on planning the
various “threads” so that varying information will be available in a single setting, to allow for
modeling of the variability.

Potential barriers to capturing adequate models of variability should be noted as risks in the KA
plan and strategies put in place to address these barriers. These obstacles might include the fol-
lowing: pressure on the part of practitioners to project a “normative” view of their work practice;
difficulty on the part of investigators in representing the variability with adequate traceability back
to distinct settings, informants, etc.; and unwillingness of technologists to work with data on vari-
ability that does not fit their model of what can easily be accommodated in implementations.

Eliciting information for systematic documentation of variability may require specific techniques
within the KA repertoire. These could include techniques for extracting variability data from
workproducts such as interview reports or videos, where there was a different primary purpose of
the data-gathering task. Viewing a number of artifacts or KA workproducts in sequence, where
there is a clear basis for comparison, is a quintessential technique for eliciting variability informa-
tion. The clearest way to articulate variability is either side-by-side or successive viewing of mul-
tiple exemplars exhibiting common and variant features. This allows human pattern-matching
cognitive skills to be applied. The knowledge acquisition plan might need to allow for collecting
data from multiple settings, elicitation from multiple informants simultaneously, or analysis of
similar or analogous artifacts “side by side.”

Example. Suppose an investigator reads an interview report with a medical rescue helicopter
pilot, then reads a second report with another pilot from a different facility. Provided that the
purposes of the two interviews were similar and the performance of the data gathering ses-
sion similar in nature (ideally, with similar questions asked) the investigator could begin to
note variances and discrepancies in terminology, procedures described, etc. Here, it is pre-
cisely the placing of the separate workproducts in a common interpretive context that pro-
vides the basis for eliciting observations of common and variant aspects of the data.
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4.5.1 Characterizing Communities of Practice

The communities of practice for the KA enterprise were essentially selected in establishing the
overall objectives, and stakeholder issues for these various communities have been considered in
some detail (as discussed in Section 4.4). As a precursor to selecting specific settings and infor-
mants for study, it is helpful to consider overall characteristics of the focus communities involved.
For each of the following characteristics, we provide some hints about the impact it can have on
the knowledge acquisition process. The discussion uses the term “field” as a rough synonym for
community of practice, because typically the professional aspects are established for a much
broader level than the individual community to be studied. For example, while surgeons at a par-
ticular hospital may have some “local culture” there are important factors to be considered about
the field of surgery as a whole.

Nature of expertise in the field

Is the field process-intensive or performer-intensive? In very mature fields, accepted practice is so
formalized that it has been codified into a rather rigid process. A prime example of such a field is
civil engineering, with a base of knowledge of practice several thousand years old, and where the
cost of mistakes is such that process formalization exists in part to reduce risk. Additionally, in
civil engineering, the behavior of the materials and forces that affect structures is relatively well
understood, both due to hard-won experience and due to the development of analytical models
that have some predictive power. This is not to say that performance in such fields does not have a
subjective aspect. In civil engineering, the subjectivity is the artistic license that the engineer exer-
cises in making an aesthetically pleasing design. The maturity of the field makes it possible to
have a clear distinction between what is subjective and what is not. For the objective part, perfor-
mance can be judged by how well the process is followed; legal liability may even be associated
with failure to follow the process. Such fields are characterized as process-intensive.

Medicine, in contrast to civil engineering, could be characterized as performer-intensive.
Although the practice of medicine has a similar long history, the repeatability of results is drasti-
cally less than in civil engineering, in no small part due to the complexity of human physiology,
the variability of effects of treatment from individual to individual, and the changing cultural
norms and accepted treatment practices. As a result, there is an accepted body of practice that
leaves much discretion to the practitioner working within the guidelines of that accepted practice.
In such a field, it is difficult to determine when a particular performance should be judged on
objective grounds, and when it is part of the subjective skill of the practitioner. In medicine, the
subjectivity lies in the professional discretion of the diagnostician.

Communities in process-intensive fields are more likely to be interested in an accepted, consensus
view, while in performer-intensive fields, careful study of variability is likely to be useful. KA in
process-intensive fields is more likely to encounter resistance based on fears on the part of the
practitioners that their positions might be jeopardized, if the KA project is successful.

Nature of training in the field

The general approach to training in a given domain has a direct impact on the approaches one
takes to deriving information from the informant pool. Disciplines in which analysis and process
are highly prized usually offer informants who are trained to reflect upon their practice in detail
and can offer well-structured accounts of their work. By contrast, trauma medics are trained to
carry out procedures in response to recognized situations. The time critical nature of the trauma
domain makes it very important for the practitioner to assess a situation, match the pattern of the
situation to the procedures needed, and act with dispatch, else the well-being of the casualty or
injury may be irrevocably compromised.
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A similar distinction is reported by Brigitte Jordan as a result of fieldwork on the effectiveness of
training programs for traditional birth attendants in the Yucatan [18] funded by industrialized
nations. Her research suggests that the low effectiveness of much of this training results from mis-
application of didactic modes of teaching in cultural situations where learning by an apprentice-
ship mode is more appropriate and culturally familiar. A training style based on Western norms of
professional medical practice typically makes heavy use of sequential scenarios that move
through the various steps involved in a medical procedure such as assisting at a birth.

In contrast, an apprenticeship-based model might categorize tasks according to criteria such as the
degree of skill, personal authority and experience required to carry out the tasks. Such a model
would thus approach an overall scene description in concentric circles of peripheral support tasks
(suitable for performance by a less experienced apprentice) and core tasks to be performed by the
expert. Jordan was initially surprised to find the traditional birth attendants reluctant to share sto-
ries, which correspond to what is familiar in Western medicine as “case studies”, a standard way
for physicians to communicate both among themselves and with other communities. Hence even
the ability to elicit knowledge from an informant via a sequential, hypothetical scenario already
presumes a great deal of cultural context that might not be applicable in other domains or other
cultural settings.

Stable versus fluid domain knowledge

The state of knowledge in a given field has a major impact upon the approach to utilizing infor-
mants or artifacts in the field. A domain might contain considerable amounts of stable knowledge.
For example, in the civil engineering domain, there is a substantial body of settled knowledge
relating to aggregate experience about constructing common structures within bounds of size and
characteristics of local geology, given the parameters of the building materials. If some part of a
domain is undergoing rapid change due to immaturity or high-impact advances in technology, the
“half-life” of knowledge for new practitioners who deal with that part of the domain is shorter. In
civil engineering, innovations in composite materials make the half-life of any knowledge based
on the use of known traditional materials very short. Medical procedures in trauma care and
emerging fields such as personal communications systems also have this fluid quality.

The overall objectives for the KA effort need to be appraised for realism relative to the rapidity of
change in the field of interest. Domains that incorporate dynamic knowledge will require some
more stringent techniques for cross-validation. Strategies used in the TCIMS project included
combining interviewing with observation or cross-checking data from experts with knowledge of
varying degrees of outdatedness.

Stage in business lifecycle

Businesses often go through a lifecycle that includes, roughly speaking, a start-up phase where
the knowledge is volatile and innovative, a maturity phase where the knowledge is stable and
well-accepted, and a decline phase, where the knowledge becomes obsolete and irrelevant. There
is a trade-off of the effectiveness of KA against the need to do it in each of these phases.

During the innovation stage, the need for a well-organized view of the knowledge in the field is
high, since it allows technology planners to see the directions that the field can take. Unfortu-
nately, it is also during this time that the value of the KA results are short-lived, and the time taken
to complete a systematic KA process might outlive the usefulness of the knowledge.

At the other extreme, when knowledge is stable in a mature business, the need for organizing the

knowledge is less, since the field has managed to do some of this organization in its own practice.
The effectiveness of KA is, however, high; since the knowledge is well-accepted and stable, it is
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possible to get a solid, coherent corpus of information about the work practice. During decline,
the need for knowledge acquisition might rise again, as the number of working practitioners
declines, and the knowledge is in danger of dying out.

A setting for knowledge acquisition should ideally be chosen from a business whose position in
its lifecycle balances this trade-off, so that the KA is effective enough to provide value, and the
need is high enough to appreciate this value.

Degree of professional stratification within community

Unless the focus community is rather uniform, such as professors of philosophy or long-haul
truck drivers, some degree of professional stratification is likely to be observed within a focus
community. The domain of medical practice is highly stratified, both in training and legal certifi-
cation of the practitioners. Physicians have traditionally considered themselves to be the central
focus of the medical field (although this is certainly affected by the emergence of HMOs.) At the
same time the experience in TCIMS is that while physicians are usually the prime source of infor-
mation on treatment and diagnosis, they have less detailed knowledge of the enterprise of medi-
cine than other practitioners. A compelling example is that nurses are more knowledgeable about
the actual workings of hospitals than physicians because of the division of labor that exists
between nurses and physicians in most hospitals.

This state is not unique to medicine. It is common knowledge that the secretarial staff in most
organizations has more immediate knowledge about the real workings of the businesses in which
they function than the acknowledged decision makers. As a result it is suggested that the focus
community be covered as completely as possible by the KA plan, including subgroups that might
be considered as “non-professionals” to ensure that important features of the domain are not
obscured or misrepresented by the KA products.

4.5.2 Selecting and Characterizing Settings

One of the most important decisions to be made in planning the KA enterprise is to determine the
settings that are to be studied. Settings are specific work environments where the knowledge of a
community of practice is created and/or used. The choice of settings will affect the informants
selected, the types of knowledge that can readily be obtained, the type of elicitation session (i.e.,
interview, observation, instrumented data logging) most relevant and feasible, and other factors.
Basic considerations for selecting settings include the following:

* For knowledge acquisition in technology-intensive environments, a variety of potential set-
tings should be considered (end-user operational setting, application development setting,
maintainers’ setting, etc.). Linkages between settings should be considered (for example, the
developers’ and users’ settings for a particular system).

* The overall variability objectives for the KA effort will affect how many and which settings
are selected. Which aspects need to be documented? Informants in different settings will
often use a different terminology, which might overlap with other terminology in misleading
ways.

* Some focus community settings might also be target community settings, in which case the
informants selected may be part of the eventual audience for the knowledge gathered. While
this overlap is generally beneficial, it may be advisable to arrange that some of the intended
audience will have had not prior contact with the KA team, to make sure that knowledge has
been codified in an effectively transferable way.
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Settings chosen for study may involve the overlap of several distinct communities of practice. Not
all of these will necessarily be within the scope of the project or singled out as a source for infor-
mants. Working from the settings selected, and the communities of practice identified in the enter-
prise objectives, it is possible to identify “pools” of potential informants with relevant experience
or roles in a selected setting and membership in a relevant community of practice.

Example. Surgeons, medics, nurses and paramedics all draw on similar training for their ter-
minology; therefore, as far as terminology is concerned, distinguishing between these three
groups might not be considered relevant for a KA effort. However, among the on-site trauma
personnel, there are also medical technicians, transport personnel (ambulance drivers, heli-
copter pilots) and other support personnel (local fire fighters, policemen). If any of these will
be involved in the knowledge acquisition effort, then it is appropriate to identify them as sep-
arate communities of practice, based on differences in terminology. Among the medical per-
sonnel, the difference in professional status and responsibilities indicates that nurses and
surgeons might be considered as separate communities, if the goals of the effort include
information that is embedded in this distinction.

4.5.3 Selecting and Characterizing Investigators

Depending on the structure of the project, there might be a possibility for selecting the pool of
specific investigators from the investigator communities designated in the knowledge transfer
configuration(s) for the KA enterprise. Even in situations where choice of investigators is fairly
constrained, it is still worthwhile to characterize the investigators from the standpoint of both spe-
cific knowledge and capabilities. This will facilitate selection (where this is possible), teaming
and partnering choices, decisions about which investigators will perform which sessions, identifi-
cation of potential risks and, for larger-scale projects or more permanent teams, development of a
training or capability development plan.

The following questions can be used to characterize the relevant knowledge of the investigators:

® What is the investigator’s level of familiarity with topics of anticipated relevance to the
project focus?

The knowledge (or lack of knowledge) an investigator brings to a session is a two-edged
sword An investigator already familiar with the field of study, or with a closely allied, has a
clear advantage in some situations. The investigator’s knowledge of a domain can enable
them to ask good probing questions, to recognize accurate data and be cautious of question-
able data, and can establish credibility with informants. This knowledge can be particularly
crucial for artifact analysis, since it can be quite daunting to try to understand an advanced
document without familiarity with the basic terminology of the field. Certain artifacts might
be incomprehensible to an investigator without appropriate background.

This can also be a relevant factor in interviewing experts with very high demands on their
time. Such informants may be offended to be interviewed by someone with insufficient back-
ground. If they need to spend time explaining fundamentals of the field, or material available
from other sources, they may justifiably feel that their time is not being well spent and lose
confidence in the KA process.

Yet investigators’ knowledge of the domain can also be a barrier in certain circumstances. It
can tempt investigators to “be their own informants” and impose their own domain knowl-
edge on their informants, or otherwise bias the write-up of the acquisition session. Without
formal validation of resulting KA workproduct(s) by the original informants possibilities for
such confusion become stronger.
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Even for investigators scrupulous about keeping their own views separate and partitioned
from the data derived from their informants, the influence of previously held knowledge may
affect what they do and do not ask and the terminology they use in writing up the session.
Over-familiarity with a field can blind the investigator to unarticulated knowledge embedded
in the community of practice. Given that eliciting such embedded knowledge is often the
most elusive goal of a KA project, the KA effort should also, by design, include some investi-
gators naive with respect to the focus community. Such investigators should be well-trained
in KA techniques and principles, however, so that they can take advantage of their naivete;
otherwise, they are simply under-informed investigators.

® From which community was the investigator drawn?

This question was raised earlier, in Section 4.4.2, in discussing investigator community inter-
ests. Here the question is relevant to assess what knowledge base the investigator will have
through prior experience. It is largely relevant to the previous question; in addition, it can be
advantageous for the investigator to understand the organizational context of the setting
where KA is being performed (i.e., the stakeholder picture).

® Does the investigator play a “bridger” role across more than one community? Does the
investigator have any previous experience in playing a “bridger” role between communities?

Since investigators often become ambassadors of sorts between focus and target communi-
ties, they should be able to understand motivations from both points of view, and speak a lan-
guage comprehensible to both communities as well. This ability also relies on the personal
interaction skill of being able to “switch hats”, and fit in with multiple communities.

® What is the investigator’s level of familiarity with various knowledge representations? What
are the investigator’s skills in artifact analysis?

In a particular KA project, a large number of different representations might be used for the
KA workproducts. Some of these representations will be intended for feedback to the infor-
mants, while others might be of use to system developers, and others might be for internal
record keeping by the KA investigator team itself. Some of these representations can be diffi-
cult to use, and fluency with them is a skill that could discriminate one investigator from
another. Some sample representations, and guidelines for their use, are given in Section 5.0.

® What are the investigator’s preferred modes of communication?

(e.g., extended telecons, face-to-face interviews, one-on-one vs. group meetings, email, writ-
ten correspondence)

This is a “starter set” of questions for characterizing investigators for the purpose of selection and
thread planning. Investigators are selected and characterized based on their sets of skills and
degree of maturity in applying those skills; this information will be useful in planning the investi-
gator’s thread throughout the knowledge acquisition project.

A more detailed set of questions can be applied in assessing general skills and capabilities for KA.
These can form the basis of an ongoing assessment and capability development plan for the inves-
tigator team, discussed in more detail in Section 4.10.
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4.5.4 Selecting and Characterizing Informants

Informants will be members of the focus communities in the selected knowledge transfer configu-
rations. The Canvas framework encourages consideration of informants from a number of set-
tings, and at varying levels of training or skill. There are many factors to take into account in
choosing a pool of informants from the focus community. These factors include characteristics of
the overall focus community, particular sub-communities, groups and settings, and characteristics
of individuals.

The selection process for informants is involved enough that it is advisable to get help from
knowledgeable people in the community of practice at the outset (essentially, informants about
who to select as informants). In TCIMS, a body of experts in the medical domain were heavily
relied upon for guidance and selection of high-value informants.

The following paragraphs outline some broad factors to be considered.

Breadth of experience

An informant who has played several roles in the work setting, and has seen several changes in the
work setting usually has a unique insight into how the setting works. This is not the same as depth
of knowledge; even a casual user of many different processing systems has quite a sophisticated
idea of what they can and cannot do, and can be a great source of comparative data, even if the
user has never learned enough about any of the systems to customize them.

Obsolescence of domain knowledge

While it may seem obvious that one should avoid selection of informants whose lack of current
involvement makes their input suspect, this is not altogether adequate as a criterion. For example,
there may be a trade-off in the availability of informants with the degree to which their knowledge
is up-to-date. Also, depending on the stability of the knowledge in the field, being up-to-date
might not always be the topmost concern.

Some care should be taken in complex domains to allow informants to validate their own input.
For example, the intense field experience of knowledgeable combat medics in the U.S. military
now dates from the Vietnam war era. In this case it is necessary that medics be given the opportu-
nity to provide their recollections of that experience, review draft session reports and note where
current practice diverges from that reported. Further, the aggregate session reports may be exam-
ined by the aforementioned body of experts in the domain for a more global validation. In this
case, not only can experts with less current knowledge do some of their own validation, but new
knowledge may be created by making the difference between older and more current practice
more dramatically visible.

An extreme example along these lines is the experience of former air traffic controllers, brought
back after lifting of the long-standing ban on rehiring, described in [13]. In this case, the returning
controllers were aghast at the pressure and chaos of current working conditions compared to the
conditions that, more than a decade earlier, were considered severe enough to motivate a general
strike in which safety issues were a major area of concern. Although these more experienced con-
trollers probably have a wealth of experience that could be tapped, by and large they cannot adapt
to new working conditions. This is a case where knowledge acquisition techniques could be used
to derive the particular historical perspective of the veteran controllers.
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Ability to articulate knowledge of actual practice

Some of the most valuable informants in a domain are those able to analytically describe actual
practice (as opposed to official or stereotyped reports of practice). In some cases this is difficult to
achieve due to lack of ability to articulate on the part of informants. In other cases it may reflect
the nature of the performance patterns of the informant community. In the case of Trauma medics,
it was discovered that there was a lot of value in performing field observation of medics in action
to cross-check and elaborate on the basic interviews. Because of the split-second pace of decision
making in the field, it is difficult for trauma medics to fully describe what they do, as much of
their behavior is learned reaction, and difficult to describe outside the practice setting and to those
unfamiliar with the domain. TCIMS also derived benefit from access to practitioners who were
qualified instructors.

Reflectiveness /Introspectiveness

The ability to reflect upon one’s expertise and analytically report the results of that reflection is
affected both by the nature of the domain, the personality of the informant, and the structure of the
training in the field. The experience in TCIMS indicated that trauma medics are not ordinarily
introspective about their practice unless they also happened to be instructors. The hypothesis
offered is that this is largely a side effect of the time-critical nature of their work as well as the
training to react quickly to situations.

Other traits of “attitude” that can make an informant a good participant, particularly in a collabo-
rative approach to knowledge acquisition, include the following:

* Ability to admit to lack of knowledge: it is helpful to have informants who can be forthright
about when the session has moved to a boundary of their own expertise that significantly
changes the accuracy or quality of their data. Posturing (pretending to know more than they
do) or, conversely, reacting over-apologetically to being asked questions outside their area of
confidence, are both problematic reactions.

* Tolerance for investigator’s level of knowledge: Although a good plan should ensure reason-
ably well-prepared investigators, there is still a lot of patience required in stating the obvious
for long periods of time! Once again, there can be a variety of reactions that are not particu-
larly useful to the outcome, including: getting insulted; getting patronizing and turning the
session into a tutorial (mistaking the learning of the investigator as the goal).

4.5.5 Selecting and Characterizing Artifacts

Some issues in selecting an artifact for study parallel those involved in characterizing informants;
e.g., issues of currency of knowledge (though an artifact might not be as insulted to be considered
out-of-date as a human informant). Since artifacts are workproducts in their own work setting,
they share some features in common with the workproducts of the KA setting itself.

Certain factors such as the accuracy and quality, and currency of materials will be of obvious
importance in selecting and characterizing knowledge sources. Here we outline some additional
characteristics of artifacts particularly relevant to the selection process.

Accessibility

For humans, accessibility usually has to do with the demands on the human’s time. In the case of
artifacts, accessibility is often a matter of politics. Some artifacts might be protected by commer-
cial agreements (such as consortium confidentiality), while others might be classified by a
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national government (often the case in military projects). Some artifacts will cost money (e.g., the
executable code for a commercial system), which might be beyond the project’s budget. Some
artifacts (e.g., patients’ medical records) will also raise privacy issues.

In addition to these questions of access in terms of data rights, there are a more pragmatic set of
accessibility issues, such as availability of data in on-line form; and whether the format of the
documents will facilitate the selective, filtered examination that is usually required in KA.

Intended audience

As is the case with knowledge acquisition workproducts, artifacts typically have an intended audi-
ence, which affects the representation used, the terminology, and even the accuracy of the state-
ments. For example, a number of commercial systems have “beginner’s guides” that do not reflect
all the complexity inherent in the system. Some beginner’s guides might even present factually
incorrect simplifications for the purpose of protecting a naive audience from overwhelming com-
plexity. Evaluating the context in which an artifact was intended will usually require some context
recovery (i.e., identifying and making explicit the assumptions embedded within the software arti-
facts that come from the cultural context in which they are used.)

Interpretativeness

Artifacts can display varying degrees of interpretiveness or reflectiveness in their content. In a
system engineering context., for example, some artifacts relate directly to a single system, and do
not attempt any degree of generality about what they do as a member of a class of capabilities.
Examples of such artifacts are user’s guides to software packages, or executable code itself. Other
artifacts explicitly try to place the system they describe into a larger context, either by comparing
it with other similar systems or describing it in more general terms. Examples of this sort of arti-
fact are survey articles written by focus practitioners and translation packages that adapt the inter-
face of one system to the standards of another.

It is not necessary for an artifact to refer to several systems to be interpretive. Rationale docu-
ments may refer to a single system yet attempt to document why the system was built the way it
was. Such documents typically relate a system to some broader design concepts, and may predict
how the design will behave when it is adapted to new uses.

Depending on the degree of interpretiveness of the artifact, it will be important to understand the
context in which it was created, the range of experience of the author, and the intended audience.
This is because the raw data in such an artifact may be closer to the eventual representation
desired for the target audience; yet the data may represent the un-validated and biased view of a
single informant (and, of course, stakeholder) from the focus community. It can actually be more
difficult to make appropriate use of such materials, therefore, without a good deal of supporting
context.

4.5.6 Characterizing Audience

The audience for the knowledge acquired is the target communities in the selected knowledge
transfer configuration. The audience for knowledge acquisition is usually chosen when the KA
enterprise is initiated. Even if the audience has been chosen, it is still necessary to characterize the
audience to esure that the knowledge gained matches audience needs. Audience characterization
is also used to ensure that representations used to transfer knowledge to the audience are suitable
for the audience.
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Questions for direct inquiry include the following:
* What do you know about the topics of interest to this project?
* How sure are you of your knowledge?
* What do you need to know?
* In what form do you need the information?

* (Key question) How will you use the knowledge once you have it?

Other questions for assessing the audience include the following:
* How open are they to new learning?

* How busy are they? What will they have time to absorb in order to make practical use of the
knowledge acquired on the project?

* What is their familiarity with various representations? This question must also be addressed
for those members of the focus community that will be validating the data acquired.

4.5.7 Selecting and Characterizing Topics

Topics should be chosen for each phase of knowledge acquisition and for each thread and session
within a phase. If the investigators do not have knowledge of the KA domain up front, it will not
be possible to determine topics before knowledge acquisition begins. If investigators do have
knowledge of the KA domain up front and choose topics for investigation, it is possible that inves-
tigators may be biased based on their current knowledge. See Section 3.2.3 for more discussion
on investigator bias.

Topics will evolve as more knowledge is gained of the domain. These topics should be included as
part of the models in the domain dossier. The topics will likely fall into a hierarchical relation-
ships, which is often modeled using taxonomic modeling, as discussed in Section 5.6.4. Topic
selection should be a continuous process during knowledge acquisition as more information is
gained and modeled.

4.6 Selecting Representations

One of the most important planning steps involves selecting the set of representations that will be
used to codify the knowledge elicited in various sessions.

The idea that representations need to be selected by intention may surprise people who are used to
working from the standpoint of a particular software development methodology. Most methods
include as a central part of their structure a preferred set of notations or representations to be used.
Often these are correlated with specific steps in a development life cycle. Adopters of a method
generally work from the premise that this set of representations is the best choice for those types
of problems to which the method is targeted. Such sets of representations also facilitate clear
semantics and relationships among representations, exchange of data across projects in standard
formats, and standardization via tool support.

Of course, developers know the difficulties in applying such representations in practice. The tech-
nology user community may be unfamiliar with the representations; this raises problems when it
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is desired that some workproducts be collaboratively created or validated by users. Even devel-
oper groups will have varying degrees of difficulty in adopting (and may even resist adopting) par-
ticular representations, or will apply and interpret them incorrectly.

From the Canvas standpoint, part of the difficulty in such situations is that method developers and
adopters may be unaware of the extent to which their preferred notations represent interventions
in the various communities involved. Although this does not directly challenge the value of meth-
ods it does suggest that knowledge acquisition planning must offer a systematic way of consider-
ing the impact of these interventions. In Canvas, the notion is that competent knowledge
acquisition requires the availability of a repertoire of representations. The repertoire concept
implies that no single technique is appropriate for all situations. Instead, a selection process is
required to suit a given technique to a given situation. Each representation facilitates certain kinds
of knowledge codification and discourages others; each has inherent biases.

In Section 5.0, we explain the constituent elements of representations, catalogue a number of dif-
ferent representations and describe some of the uses for which each is particularly suited and
ways in which they can be combined. Here, we describe the specifics of how the notion of a reper-
toire of representations is utilized in the planning process.

Within any community of practice, certain representations will be preferred ways of capturing and
exchanging knowledge. The distinct set of representations used by that community can be consid-
ered as the repertoire for that community. To the extent that these form part of the ordinary work
flow for the community, there may be no necessity for members to be overly conscious of the
biases of their representations; they can remain implicit to some degree. (In these terms, a soft-
ware development methodology, as discussed above, provides a systematized repertoire of repre-
sentations.)

However, since a primary goal of KA (in the Canvas context) is to effect transfer of knowledge
across communities of practice, KA planners must take a more informed approach to selecting
representations. Specifically, for each stakeholder community (as determined in Section 4.5.2) it
is important to know which types of representations are part of the repertoire for that community.
This will provide a basis for deciding which notations are appropriate for capturing knowledge
elicited by investigators and passing that knowledge on to the audience.

Different representations will be best suited to each community of practice. For example, certain
representations that are familiar to computer scientists (e.g., flow charts) might be unfamiliar to
medical personnel. Other representations might well be familiar (e.g., hierarchical tree diagrams),
but have a different meaning. The representations in use by each specific community will have
different importance depending on the KA role of that community:

* Representations of the informant community will affect the kinds of artifacts that may be
available for study by investigators. (This may require investigators familiar with these repre-
sentations or training to create familiarization.) The informant community repertoire will also
guide the selection of representations to use in collaborative modeling sessions, where it is
desired that informants participate directly in creating KA workproducts. Representations
used for validation sessions will also be determined, and the potential direct value to the
focus community of Representations created for other audiences can also be determined.

® Representations of the investigator community (if this is a distinct community) will help
determine how well this community can play the “bridging” role of facilitating transfer from
focus to target community. In addition, awareness of the Representation repertoire of the
investigators (even on an individual basis) is an important element in identifying potential
sources of bias.
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* Representations of the target community will, of course, determine the best ultimate form of
codification to meet the overall objectives of the KA enterprise.

In selecting from available representations for various uses during knowledge acquisition, con-
sider the following:

* Ability of the investigator to facilitate knowledge acquisition sessions that use the representa-
tion.

* Ability of the audience to understand the representation
* Appropriateness of the representation for the goals of the KA enterprise

* The amount of effort it will take to translate from one representation to another if multiple
representations are used. Are any tools available to check the consistency of information cap-
tured in multiple representations?

A catalogue of representations to be used in the project, and the audiences for which they are
intended, will make planning sessions much easier. In TCIMS, information of this sort was
encoded in a template for a session report, with boxes to be checked for each representation used.

Consider that there may be more issues than mere representational competence in matching repre-
sentations to various communities. There may be stakeholder issues involved in selecting various
representations. A group might reject a representation even if it is simpler than that to which they
are accustomed (or perhaps because it is simpler). representations may be associated with other
communities, and thus representation selection may reveal other stakeholder issues. representa-
tions have strategic as well as technical import that must be considered.

4.7 Initializing Dossier Infrastructure

All of the information determined at the enterprise level can be used as an index for the dossier of
the workproducts to be produced by the KA project. Section 6.0 gives a detailed description of
how one can build a dossier, and starter sets based on the enterprise planning components for
building an index. All material (or references to the material) are kept in the dossier, including:

* Materials read or developed in preparing for a KA session;

* Session write-ups; and

* Representations of knowledge acquired in the chosen representations.
Materials in the dossier can be indexed by a variety of characteristics, including:

* Topic

* Source

* Audience

* Representation used

There is always some informal KA that has taken place prior to doing the formal planning pro-
cess. The informal data gathered so far should be used to “seed” the dossier once the structure is

set up. This serves to validate that the dossier structure is adequate, and gets the data accessible to
the entire KA team.
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4.8 Planning a Thread

The notion of threads was introduced in Section 3.2.3. In that section, we looked at the interaction
of each type of thread with a particular session. In planning a thread as a whole, we must view the
sequence of sessions that a given person (investigator, informant) participates in over the lifetime
of the KA effort, or that affect the incremental interpretation of a given artifact or workproduct. In
this section, we will discuss issues to consider in planning the various threads of the Canvas
framework.

Thread planning is the most challenging planning task in the Canvas approach, because it bears
least resemblance to conventional project planning, and because it is where the need for adaptive
and dynamic re-planning of the KA enterprise comes to the fore. The term “planning” might
imply an up-front, detailed plan that outlines how the entire project will unfold; in fact, the notion
of threads helps make clear why any KA plan can provide only a starting structure.

After each session, new knowledge sources may be revealed that need to be considered in future
thread planning. Sessions may yield more, or less, knowledge than anticipated; certain topics may
be revealed as dead ends, while others, unknown at the start of the effort, move into the fore-
ground. Just as a loom can be set after each woof strand to form a pattern, the KA enterprise is set
after each session, to take into account the effect it had on all threads. Thread planning, therefore,
involves determining which aspects of an element are to be tracked, so that further planning can
be performed based on the results of sessions. Automated support would make it much easier to
envision the manifold cross-connections between elements (investigators, solo and in partnership,
informants, artifacts, etc.) and sessions over the lifetime of the KA enterprise.

As the project progresses, new combinations of expertise brought together by the KA effort may
spark surprising and serendipitous discoveries. Individuals may reveal unanticipated strengths or
stakeholder issues (e.g., an informant turns out to have a “pet theory” about his domain that has
never been published, but when documented in the KA context, wins buy-in from other infor-
mants). Such events cannot be planned for, but can be anticipated by carefully tracking the
assumptions guiding each thread’s development.

Thread planning includes a number of factors including the overall development life cycle for the
participant (or other element of the KA process), the sequencing of different kinds of sessions,
and the timing of events along the thread. Here we provide a few suggestions of issues to consider
in thread planning for the major elements, investigators, informants and artifacts. The overall life
cycle of a thread for a human agent generally starts with orientation and familiarization sessions,
then traces a path through various topics, representations, types of elicitation sessions.

Investigator Thread Planning

At the broadest level, the investigator thread may include learning goals as well as goals that
directly and immediately contribute to the project. This may include rotating investigators to
cover multiple topics or settings if breadth is desired, or keeping investigators focused on particu-
lar areas if it is important to have people with solid context established for subsequent sessions.
These are tradeoffs that affect planning at the level of the investigator team as a whole, not just an
individual investigator.

Scheduling and Rhythm of Sessions

One of the worst problems identified in our case studies is the simple problem of adequate prepa-
ration, debrief and documentation time. It seems that the less technical nature of KA activity
dooms it, when done in a technology-oriented environment, to continual under-estimation of the
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effort required to codify the knowledge obtained. Expending the resources to do knowledge elici-
tation, and not to allow ample time for codification, is worse than wasteful. Informants’ time is a
finite and scarce resource; the interview that does not get adequately documented literally may not
happen again.

The problem of time affected when preparatory materials were received prior to sessions, the
amount of time budgeted to review those materials, write-up time after the session. With respect to
elapsed time between sessions for the investigator, our limited pilot experience suggests that there
is a trade-off to consider. Given adequate time to document the previous session, there appears to
be an advantage in a certain amount of “slack” in the schedule (up to about one week) during
which time fresh insights can emerge from reflection on the session. Delays much beyond this,
however, affect continuity of context and reduce effectiveness.

Depth vs. breadth of domain coverage

In determining how to allocate investigators to topic areas, one important trade-off involves focus-
ing an investigator on a particular topic area, developing his/her knowledge over a series of related
sessions, or rotating them to cover different areas. At a different level of planning, this would also
apply to an investigator’s assignment to different work settings, informant groups, etc. This latter
trade-off is closely connected with the variability objectives for the project, since comparative
insights are fostered by exposure to multiple settings and analysis of their common and variant
features.

Example. On a domain engineering project which involved the study of several legacy sys-
tems, one investigator has the opportunity to reverse engineer architecture diagrams for sev-
eral different systems in succession. As a result of seeing the different design approaches in
succession he is able to identify some common features of the systems that might not have
drawn attention in studying a single system.

In the TCIMS project, similarities and differences between trauma care in a military field set-
ting, urban emergency room and rural settings

Bias management

Bias is perhaps the most important aspect of a participant in the KA process to be managed. The
most important biases are those of the investigator, which will cloud the information that he
acquires, either from artifacts or through interviews with informants.

Bias can be controlled by taking into account what information a given KA participant has
received at a given point in the participant’s thread through the KA enterprise.

Example. In the TCIMS project, videotapes were made of the interview sessions. After the
session, the information was written up in a report, which would go into the dossier. The
reports could well be written by people who were not present at the interview itself, by view-
ing the video.

The question of bias arises when we decide whether the person who was present at the ses-
sion should brief the other team members before they watch the film. On the one hand, the
briefing could clarify issues that are not on the tape, such as whether the informant was inter-
rupted from another task when the investigator arrived, or whether he was waiting, apparently
idle. On the other hand, the briefing could bias the viewer towards certain interpretations of
the events, causing him to miss others. A similar problem arises when deciding whether the
film should be watched in a group or separately.
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This trade-off can be generalized to any KA workproduct setting; in principle, the investigators
can examine workproducts in parallel or in sequence, and can consult one another’s commentaries
or not. Consulting earlier interpretations can save time and allow for deeper study of detail, while
parallel uniformed viewing results in a broader range of interpretations.

Investigator as “surrogate informant”

It is often the case that the investigator comes to know so much about the focus community, that
members of the target community will bring questions to him, rather than go to members of the
focus community. The KA plan can include intentional development of one or more investigators
to play this role; in this case, the investigator should either begin with a familiarity with the focus
community, or should be involved in KA sessions in which members of the focus community are
treated as knowledge sources. This strategy has the advantage that the answer person has access to
knowledge that was never codified. It has the disadvantage that it discourages comprehensive cod-
ification of the knowledge, thereby weakening the value of the dossier and risking that the KA
effort is converted into the personal learning of the investigator as “surrogate” informant.

Designing training into the process

Investigators begin relatively naive and become more and more informed about the focus commu-
nity as the project moves on. This can be used to the advantage of the project, as a means of bring-
ing in new investigators after the project has begun. New investigators can be used for sessions in
which it is deemed advantageous to have an investigator who is unfamiliar with the domain, while
the more experienced investigators are used for those sessions where familiarity is called for. part-
nering veteran with novice investigators is a classic way to obtain the benefits of both viewpoints
in a session while also helping to orient the new investigator in an “apprentice” role.

Resource management

As the threads interact in a large project, there may be problems of resource management. Some
investigators will have developed the background to examine certain artifacts or understand cer-
tain informants, while others will not. The management of a thread will have to take these
resource allocation problems into account, and perhaps develop a thread in a particular way so as
to minimize bottlenecks later on in the process.

Informant Thread Planning

Planning an informant’s thread also involves managing several different learning life cycles. For
most projects and most informants, there may be only one or two sessions involved in KA. How-
ever, other projects, particularly those involving in-depth knowledge capture, might require a
number of sessions over time. These must be managed carefully from the standpoint of utilizing
the informant’s time effectively and respectfully. The more involvement with the KA effort a sin-
gle informant will have, the more an additional learning cycle must be considered: that is, the
informant’s gradual familiarization with the goals and methods of the KA team. The following
paragraphs highlight some of the major issues to be addressed:

Repetition (asking informant same question twice)

Investigators can make nuisances of themselves if they continually ask the same informant for the
same information, or ask for inappropriate information. The means of managing this aspect of the
informant thread is to keep careful track of what information has been gathered from which infor-
mant, and to consult this information in preparing for a session with that informant. Repetition
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management may conflict with bias management, since it might be deemed appropriate for the
investigator to remain ignorant of some result of the previous interview, for purposes of control-
ling bias.

Interview consolidation

Closely related to the management of repetition is the management of the overall interview pro-
cess. If several investigators are interested in related topics, all of which are available from a sin-
gle informant, it is in the interests of the project to consolidate these interviews. This requires a
similar infrastructure as management of repetition, only for the information requirements of the
investigators as well as the results.

Progression in representations

In scheduling multiple sessions with a given informant, one design goal is to let each session build
naturally from the insights of previous sessions to elicit more detailed knowledge, closer to the
form desired for the target audience. One session might involve a descriptive walk-through of a
practitioner’s daily workflow; from this session an investigator might identify several areas to pur-
sue in more detail. This progression could be a combination of gradual elaboration of the topic
data itself, as well as the informant’s growing level of confidence in working with more formal
representations.

Descriptive to innovative elicitation

The ODM domain modeling process model involves a gradual shift from purely descriptive mod-
eling, to comparative, to evaluative, and finally to innovative exploration of new possibilities. This
progression can be a useful framework to keep in mind when planning an informant’s thread. The
eventual goal is to develop the relationship with the informant towards increasingly collaborative
knowledge elicitation and, ideally, knowledge creation.

Example. Using KA in a requirements gathering context, this thread planning approach might
involve beginning with description of current work practices and legacy system interactions,
then involve informants in some group sessions where they encounter people performing
similar tasks in different work settings. This creates opportunities for comparative informa-
tion gathering and capture of underlying rationale; i.e., “why do we do it this way?” This cre-
ates the dual advantages of grounding the process in rich descriptive detail but thinking in
terms of alternatives and new possibilities. A final, innovative stage might involve collabora-
tive envisioning of possible new system capabilities.

Fostering informant reflectiveness

As informants move through the KA process, they will be encouraged to think about their work
practice in new ways, and will be exposed to possibilities afforded by a knowledge acquisition
effort for codifying, analyzing, summarizing and comparing information. Informants so inclined
may become more reflective as this process continues, thereby changing their categorization
according to Section 4.5.4.

Planning Other Threads

We have highlighted issues for two of the most important threads in the Canvas framework. Simi-
lar issues need to be considered for the other threads as well; these are not discussed to the same
degree of detail here. Issues to consider include the following:
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* Artifact Threads: How many people should review this document? In what order should they
review it? What filter should each apply on the information to glean from the artifact? Should
they view each other’s comments and annotations? The annotations and comments are an
indirect form of communication among investigators.

* Topic Threads: In what order should focus be “rolled out” on different topics or domains? Do
certain topics serve as an introductory foundation for others? Can some be addressed in paral-
lel, by different investigators? In progress on a given topic or domain, should artifacts be
studied, followed by interviews?

At a broad level, this level of thread planning may coincide with the phase planning discussed
in Section 4.3.4. For example, on TCIMS, military, civilian urban and civilian rural domains
respectively were investigated by the team.

* Setting Threads: What will be the sequence of KA sessions occurring as events within a given
setting? How much observation will be done? Will the KA activities disrupt the work setting
activities or change the dynamics enough to effect the data?

The purpose in this section has been primarily to show how the Canvas framework structures the
planning decisions that must be made, so that the potential impact of each decision on the many
interdependent elements can be assessed. We have seen that KA planning involves decisions at the
level of the KA enterprise as a whole, at the phase level, and in the planning of the threads for
each key element selected. Some connecting planning decisions need to be made between the
phase and thread levels, as suggested above. If an individual thread involves a sequence of ses-
sions viewed from the perspective of a common element (investigator, informant, etc.) then we
can also see each phase of the KA effort as having the task of scheduling the order in which these
various elements are deployed or studied.

With the various threads of the canvas in hand, we can proceed to consider the planning of an indi-
vidual session as it sits at the intersection of its various threads.

4.9 Planning a Session

Within the overall context of a KA enterprise, a number of individual KA sessions will be con-
ducted. Although global decisions will be made as part of broader KA enterprise- and thread-level
planning, many detailed planning decisions need to be made on a session-by-session basis. This
section will present a framework for session planning which addresses what are probably the most
complex kinds of sessions from a planning perspective: interactions involving groups of multiple
informants facilitated by teams of investigators. Planning requirements for other kinds of sessions
such as one-on-one interviews or artifact analysis may allow for a simpler set of variables to be
accounted for.

An overall “architecture” to a session can be defined, which involves the following steps:

1) Initial planning and scheduling of the session, including: specifying session objectives, selec-
tion of topics to be explored, participants, desired format for resulting workproducts, etc.

2) Preparatory work for the various participants.
3) The primary knowledge elicitation event, i.e., interview, meeting, observation session, etc.

4) The “write-up” or codification process, usually involving some interpretation time on the part
of investigators after the immediate event;
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5) Validation of documented results as required with the informants that participated in the KA
activity itself, and possibly with other members of the focus community. (Note that this can
spill over into another session context.)

6) Dissemination of the codified and validated results, via the dossier, to other participants in the
KA enterprise.

7) Folding results of the session back into KA plan to update the various threads and adjust
ongoing elements of the plan.

Planning aspects of these various elements of the KA session are discussed in the paragraphs
below.

4.9.1 Establishing Session Objectives

Planning a KA session first and foremost implies making decisions about the basic elements of a
session, including the following:

* Objectives/Topics of focus: What is the primary purpose of the session? What topics are of
interest? How will this session build on, and advance, the knowledge gathered for those top-
ics in preceding sessions of the KA enterprise?

* Audience: Who will be the primary audience for the resulting codification of session results?
In particular, what validation from the focus community will be required? What sharing of
interim results among the investigator team will be necessary?

* The setting(s) of interest: Is a particular setting going to be the focus of the session? Might
there be parallel sessions planned to elicit similar descriptive data about different settings? Or
is the setting being used to provide a “normative” view of domain-specific practice?

* The investigator(s) conducting the session: Who is available, and best qualified, to conduct a
particular session? How will that session develop the threads for the various investigators
involved? Is the intention to provide them focused experience in a few topics or settings, or to
expose them to a diversity of perspectives?

* Informants that might be involved in the session: Who is available, and who best suited to
provide information on the topics of interest?

* Inputs: What artifacts or previously developed KA workproducts might provide prior back-
ground information for the session? Which could be used directly as knowledge sources and/
or a basis for interactions during the session itself?

* Results: What are the anticipated KA workproducts to be produced from the session? What
formats or representations should be employed?

By considering the various links from the session being planned to the thread level of the overall
KA plan, the session planner gains an understanding of the motivation for the session from the
standpoint of each intersecting thread, and the impact of the session as enacted upon each of those
threads (and any threads newly created, such as the threads for those workproducts created as ses-
sion results).

Clarification of these objectives aids in making one of the fundamental session planning deci-
sions: what format of session is most appropriate given the participants and objectives? Some
options are discussed below.
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4.9.2 Selecting Session Format

So far, we have treated sessions as if they were controlled interactions between a single investiga-
tor and a single knowledge source. In fact, a single session could manage an interaction among
several elements in the KA effort. Many of these types of interactions are familiar, either from
everyday work practice, or well-known knowledge and requirements engineering practice. In fact,
a healthy mix of different session types is likely to result in a more flexible KA effort.

The following paragraphs outline some possibilities of different types of KA sessions. This is by
no means an exhaustive nor systematic list. The main point is to see how the basic Canvas frame-
work (the interaction of elements) applies in each case, and to appreciate how a healthy mix of
different session types can improve the overall KA effort, by suiting the session type to the kind of
knowledge desired and the needs and predilections of the various participants.

One on one interviews

The individual interview, with a single informant and a single investigator, is probably the most
commonly used session configuration in expert systems development. When the informant has
highly specialized expertise, it can be the case that there is only one informant available, and a
one-on-one session is a necessity. It has the advantage that the session can focus on the point of
view of a single informant, without the risk of moving into discussions between experts. When the
informant is accustomed to a teaching or instructional situation (as if often the case with recog-
nized experts), the one-on-one interview can easily degenerate into a personal delivery of material
that has already been prepared, thus failing to deliver the embedded knowledge that is aim of a
knowledge acquisition effort.

Facilitated group KA sessions

Group KA sessions have a number of advantages, not least of which is that some cultural interac-
tion in the group can take place with the investigator present, allowing him the possibility of direct
access to culturally embedded knowledge. Facilitating such a session can be challenging, since
the informants have already established some relationships, terminology or habits that might
hinder the knowledge elicitation process. For example, informants whose status in the work set-
ting is lower than other might not feel that they can express themselves in a group session. The
session might move into a technical discussion of details that are out of scope of the knowledge
acquisition effort, using terminology with which the investigators are not familiar. Despite these
and other dangers, group sessions are often the mainstay of a large knowledge acquisition effort,
because of the economy of effort they provide. Group KA sessions often involve partnering on the
part of investigators, which can help to offset the gaps in knowledge of individual investigators.

Walkthroughs

An investigator studying an artifact alone will often have several questions about the context in
which it is used, the meaning of the terms, how it relates to other artifacts, etc. One way to handle
such a situation effectively is to plan a session in which a human informant works with the inves-
tigator as he studies the artifact, and “walks him through” the various pieces. This is particularly
useful when the artifact has a process nature, such as a procedures guideline manual.

Demonstrations

Closely related to the walk-through, especially given, as described in Section 3.3.2, that knowl-
edge acquisition will often occur in technology intensive settings, is the program demonstration.
In this case, the artifact to be studied is a piece of software, which is run during the demo, and is
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accompanied by some explanations from an informant. This format provides a great deal of possi-
bilities: multiple investigators (as in a demo performed for a group), specific questions and
answers, and limited experimentation on the part of the investigator. Experimentation can be
either planned or not. For example, during a demo of a system that diagnoses engine problems in
an automobile, the person giving the demo might ask the audience, “Think of a problem with your
car.” Or, if the investigator is in a position to drive the demo, she might ask, “What would happen,
if the program were to receive this input?”. Demonstrations can place practitioners into a context
with which they are familiar, thus facilitating knowledge acquisition.

Automated sessions

An extreme example of a knowledge acquisition session is the fully automated session, in which a
human informant is left alone with a computer program that leads him through the session.
Manusco and Shaw [23] report that an automated session is often liberating for an informant,
because the informant has a better feel of ownership over the resulting knowledge. She also
reports an increased sense of trust, that the machine will not judge the completeness or coherence
of the knowledge. Weizenbaum [57] reports the uncanny success enjoyed by the Eliza program in
gaining the trust of its users, even to the point that they would ask other people to leave the room
while using it. Although this is a promising approach, the current state of the art in fully auto-
mated knowledge acquisition is such that only a limited set of highly specialized representations
can be produced in this manner. Other automated sessions include automatic processing of docu-
ments, such as word frequency counts, which provide objective and sometimes surprisingly
insightful information about natural language documents.

Wizard of Oz sessions

A common method used in human computer interaction studies, expert system design, and
requirements engineering is the so-called “Wizard of Oz” method, in which the investigator pre-
tends to be a computer system that will be introduced into a workplace. The informant deals with
the expert as he would with the system. The behavior of the system can be changed simply
through agreement between the investigator and the informant. Although the method has been tra-
ditionally used to project the impact of new technology on the workplace, it can also be used to
uncover the hidden assumptions in the work practice.

Observation sessions

A very useful, though sometimes demanding method for acquiring knowledge of a work setting is
through observation, that is, the investigator is present at the site of the work practice and observes
it in action. One possible problems stem from the fact that practice is likely to change under out-
side observation. The solutions to this problem include having the investigator enter the work set-
ting in some accepted role, often as an apprentice or junior colleague, and make observations
while actually performing in the work practice in the focus community. Another solution is to pro-
vide automatic surveillance, through video or audio recording machinery. In technology depen-
dent settings such as those described in [3.3.2], the technology itself can provide opportunities for
automatic observation.

4.9.3 Session Preparation

Once the objectives, participants and format for the session are established, it is important to con-
sider what advance preparation may be required for each respective participant in order to achieve
the session results. This includes preparation of the informant, the investigator, and the setting,
among other elements.
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Informant preparation

Where is the informant in his thread? Has the informant received project orientation/familiariza-
tion? Has s/he participated in previous KA sessions? What additional information does the infor-
mant need to know beforehand?

Will s/he be asked detailed questions about an area in which he may have spotty recollection? Will
he want to do some review work before the session? Or is this something specifically to be
avoided? One KA objective (or guidelines) may be to ascertain “knowledge in use” rather than the
official knowledge formally available.

Example. In interviewing a helicopter transport pilot for TCIMS, the interviewers asked
about an equipment maintenance checklist that hangs on the wall in the office and is used to
monitor scheduled maintenance for the helicopter. The informant mentioned some example
categories of maintenance tasks from memory in describing the sheet. Different data would
have been obtained if this topic of interest had been previously called out in the interview pre-
paratory material. The informant might have reviewed the material to give a more compre-
hensive description, might have been more cautious if there are legal or contractual
restrictions on “correct practice” that are sometimes relaxed in practice, or might have simply
told the investigators to go look at the document itself.

In this situation, the un-prepped responses yield possible data about “foreground” versus
“background” maintenance problems, or “typical” versus “atypical” problems. Naturally,
there is a danger of over-interpreting. Choices made by the informant about which mainte-
nance problems to mention might be related to relative frequency of occurrence, relative crit-
icality of the problem, the length required for a fix with its concomitant impact on equipment
availability, the informant’s expectation of what examples would be understandable to a non-
mechanic, or any number of other factors.

Thus validation of some sort would be necessary. This could be done within the same inter-
view, in a follow-up interview, in a request for comment included with a transcript submitted
to the informant for review, or by cross-checking in interviews with other informants. The
interview results could also be cross-checked against the artifact itself. In this case it would
be of particular interest to view the artifact in context to see how it is positioned, what mar-
ginal notations are made, etc. Theoretically results could also be checked with a maintenance
mechanic. However, here the question of domain focus becomes relevant. Since the overall
objectives of the TCIMS project are focused on emergency trauma care, the transport domain
is itself only tangentially related; the domain of helicopter equipment maintenance would be
an even more remote “second cousin” and probably out of scope for the KA effort.

It might be desirable to let the informant know what kinds of questions will be asked beforehand,
or to allow him to prepare some answers to general questions, to get the session started. Or this
might be intentionally avoided, so as to avoid having the informant look up official answers,
rather than giving his own.

Example. In the TCIMS interview of the helicopter pilot, a template was given to the pilot
before the interview, describing the nature of the material to be collection (task information),
and asking some general questions about major responsibilities, durations, etc. Any answers
given on this form were used as starting points in the discussion. In the case where no
answers were given, the interview would begin with similar questions from the investigator.
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Investigator preparation

Where is the investigator in her thread? What information pertaining to the session topic could be
acquired from basic sources, including well-known texts or other KA session reports? What infor-
mation could bias the investigator inappropriately for the session?

Example. In the TCIMS interview of a helicopter pilot, the investigator brought with her
knowledge of the structure of the emergency room and hospital for which the pilot worked; in
particular, the administrative structure of the transport service (as a private contractor, hired
as a company by the hospital) had considerable impact on understanding the impact of rules
and regulations governing the work. This information had been gained earlier in the investi-
gator’s thread by her participation in other interviews with personnel from the emergency
room transport service.

In contrast, it would not have been advantageous for the investigator to have begun the inter-
view with detailed knowledge of helicopter flight, since the topic of interest in the interview
was the responsibilities of a medical transport pilot. Knowledge of helicopters could have
biased the discussion toward details of the mechanics of flying, rather than the interactions
with the medical constraints of the situation.

As a general rule, before holding a session read/skim materials relevant to the session; in particu-
lar, any materials written by or relating to the informant(s) involved. Even if the informant doesn’t
expect you to have read the materials, terminology may be used that is explained by the material.
If possible, prepare a few detailed questions that show attention has been paid to the materials, but
don’t try to misrepresent the preparation you’ve actually done.

Some preparation of the setting itself will also be required: e.g., arranging facilities, notifying
other people that the session will be taking place, etc. This preparation is particularly important
for observation.

4.9.4 Session Performance

Full exploration of the many subtle elements involved in conducting interviews, joint design ses-
sions or artifact analysis are beyond the scope of this guidebook, which is oriented primarily
towards the planning and dossier management aspects of KA. This sub-section highlights a few
aspects of KA session performance that very directly reflect key Canvas principles at work.

Rapport

Building rapport is an essential part of any productive human interaction, but in KA it is critical
for developing the trust needed to validate information and enable mutual knowledge building and
discovery. If relationship is the end and trust is the vehicle, then rapport is the starting point. Plan-
ning and conducting sessions so that rapport can happen and is given appropriate emphasis at dif-
ferent points during the session is an often-missed and undervalued aspect of KA planning.

The beginning of the session is most critical, perhaps the first 20 minutes. In these first minutes,
the investigator will benefit from damping his curiosity about facts and content, while focusing on
the person’s background, the physical environment, and nonverbal communication cues. For
example, this usually means emphasizing eye contact over note-taking. In short, it means making
a connection first and foremost.

One way of thinking of a KA session is illustrated in Exhibit 10. The picture shows that early in
the session attention to exchange of information is low; development of rapport is high. They
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Content . .
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Exhibit 10. Attention in a Session Devoted to Rapport Building versus Information Gathering

become equal roughly half way through, and shift toward the end. When sessions are going well,
they equalize about one-third of the way through, shift toward information exchange about two-
thirds of the way through, and the final third opens up the possibility of joint discovery, knowl-
edge creation, and possible knowledge modeling. At the very end of the session, there should be a
re-framing of the relationship to avoid an abrupt, task-oriented cut-off to the session.

Thinking in terms of these proportions can be significant session design considerations. For exam-
ple, some researchers may need to plan a set of more personal questions for the opening. Key or
controversial questions should be saved until rapport is clearly being established. Pictures or
visual models should not be introduced too soon, breaking eye contact and connection between
informant and researcher. Finally, ending with plenty of time for creative exchange to happen
spontaneously should be planned. Sometimes it is just as the session is ending that an informant
feels greatest trust and wants to give most. (Note that the exhibit is not a graph of energy level.)
These are just examples of how session planning can be enhanced by considering the structure of
rapport building.

Session logistics

A number of logistical problems can arise in planning a session, including gaining access to the
informant at all (in military settings, it is important to observe the chain of command to assure
that access to the informant will not be denied at the last minute), planning a location for the
meeting, arranging for any equipment (recording devices, demonstration machines), scheduling,
etc. It is worthwhile to consider why logistics decisions were made as they were, so that if some-
thing goes wrong (e.g., a technical problem with a video recorder), a timely decision can be made
about how to react.

Context setting

The informant must be oriented as to the nature of the KA enterprise and the larger project of
which it is a part. This could be done as part of the preparatory activity for the session, but it is a
good idea not to make assumptions that any preparatory material has actually been reviewed thor-
oughly. For example, for one interview which we observed, the material sent in advance for the
informant’s benefit had never been passed on. This might be typical of expert informants in high-
pressure, time-constrained environments.
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Open versus closed session facilitation

There are trade-offs involved in the session planning process. For example, insisting on a strict
focus for an interview may help keep the interview on track, or may blind the investigators to
essential information volunteered by informants which happens to be out of scope of the session
objectives. The session objectives should help clarify this. If the purpose of the session is baseline
familiarization for the investigator, or getting an informant “on board” as an interested contributor
to the project, more flexibility might be appropriate in selecting an open versus closed style for the
interaction.

4.9.5 Session Follow-Up

The following paragraphs discuss major follow-up activities subsequent to the session event.
Depending on the extent to which collaborative modeling was done in the session, some of these
activities (particularly write-up and validation) may have been incorporated into the session itself.

Writing it up

Perhaps the most difficult part of a knowledge acquisition session is the write-up; this is the work-
product that will be entered in the dossier and serve for some audience community to know what
happened during the session. One of the major problems is to ensure that as much of the informa-
tion that was elicited during the session as possible makes it into the dossier; this can be simplified
if the session itself followed strict goals. However, as mentioned above under Open versus closed
sessions, there are other reasons for the session to be less structured.

In writing up the session, it is important to keep in mind the audience for the write-up. If the
write-up includes any representations, these must be expressed in a manner that is accessible to
this audience. Representations were identified with their target audiences in Section 4.6; this
information can be used as a guide in selecting representations to use in write-ups. There might be
need for several write-ups, for different audiences, in particular, one for the investigator team, to
help them gain understanding of the dossier, one for the informant, to verify the information, and
one for the target audience.

Validating a session

Interviews with informants should be validated in a special session with that informant. Validation
of artifact studies might involve consulting an informant, though sometimes a review by the inves-
tigating team might be sufficient. This could be as simple as having the informant review the
write-up, or as complex as having a follow-up session to examine the details of the critique. The
trade-offs here involve the informant’s time and commitment to the project.

A particular difficulty arises in validating representations of variability, not only because of unfa-
miliar representations, but because such models do not represent the “world view” of any one
informant who could validate them. Special validation techniques may be required. For example,
multiple informants from different settings could be brought together to validate a model that cap-
tured the range of variability in the knowledge gathered from those settings. Applying such tech-
niques may have the side-effect of changing the way informants organize and reflect on their own
domain knowledge. In this case, the KA and modeling process is a definite intervention in the
dynamics of the work setting, whether or not the final result is introduction of new technology
into that setting.
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Dissemination of session results

In the Canvas framework, the primary means of dissemination of session results in through inclu-
sion in the dossier. This includes establishing linkages to all new artifacts accessed as part of the
session, and placing any generated new workproducts (session notes, formal models produced,
etc.) in with the appropriate indices.

The information may also be directly presented or transferred to appropriate recipients in the tar-
get community (e.g., technologists viewing interview reports). Each phase of the knowledge
acquisition enterprise should conclude with some definite hand-off of this kind to an audience in
one or more of the target communities. However, in most projects the hand-off from KA is to a
more extensive modeling process, where data will be integrated, synthesized and formalized in a
variety of ways.

Updating the Knowledge Acquisition Plan

As the final stage in the life cycle for each session, the new learning from the session is used as a
basis for updating and possibly adapting the KA plan. In particular, all the threads for each partic-
ipant in the session need to be updated. Artifacts that were studied now have an additional pass of
review and interpretation. Informants will have undergone an additional KA session; they will be
more familiar with the process, and perhaps ready for a more intensive session; or perhaps the
allotted budget for their time has now been consumed. Investigators will also have progressed in
their respective threads.

There may also be new elements that will have new threads established for them in the plan. For
example, any workproducts generated at the session may be beginning a series of transformations
into more suitable representations for the target audience; their threads are initiated here.

Finally, after updating all the various threads, actual re-planning activity can take place. How this
is coordinated in terms of the multiple sessions that may be occurring simultaneously, with a
large-scale KA project, is a matter of project management. At some point, though, the various
changes in the elements tracked in the KA plan, some anticipated, some not, need to be addressed
by re-visiting and possibly modifying the plan. As a simple example, a given informant may sud-
denly have revealed areas of knowledge that were not accounted for previously; now new sessions
might be scheduled with this person. Or new leads for other knowledge sources will have been
obtained. In addition to such expansion of the plan, there will be dead ends and cul de sacs
reached that should be trimmed from the plan as soon as possible.

4.9.6 Issues in Session Planning

A plan for a knowledge acquisition session has to deal with a large number of competing con-
straints and trade-offs. These issues can affect any aspect of the session plan, including the struc-
ture of the session, the participants, and the representation used for the write-up.

Dynamics of single versus multiple informant interactions

Consider the decision to interview a domain expert in a one-on-one setting versus within a group.
Canvas provides guidelines for identifying some of the key issues that should be considered.
Social interactions will occur between multiple informants. This could result in additional infor-
mation emerging from the interaction which could be of value to the KA enterprise. If the multi-
ple informants are co-workers from the same setting, anecdotes and recollections of past
experience may come up as part of the interaction that an external investigator would have lacked
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the context to introduce. These particulars might yield more general principles relevant to the
topic of focus. This reflects the principle that important types of knowledge are carried in the
social interactions that make up the dynamic aspects of any community of practice.

However, communities have defined social relations, and these relations will affect what kinds of
knowledge emerge from the interactions and what aspects of this knowledge people will be will-
ing to share. If there are line-of-authority relations among the informant group those in a lower
staff position might be unwilling to voice opinions that would be deemed critical of the manage-
ment, whereas in a one-on-one interview they may speak more freely, especially if guaranteed
confidentiality or anonymity of attribution. Conversely, those in positions of more authority might
be loathe to express uncertainty about future business in an exposed setting.

From the thread perspective, an investigator’s level of experience and degree of credibility within
the focus community (established over a series of interactions) would need to be considered. A
multi-informant knowledge elicitation session runs the risk of turning into an interaction between
the informants, and the investigator might need to be prepared to step into the role of mediator or
facilitator to some extent. From an informant’s thread standpoint, it might generally be a good
idea to interview an individual first, in order to predict how his or her interaction styles might
affect others in a KA setting. On the other hand, a group interview with very clearly stated goals
and structure could be used as a screening device to earmark promising candidate informants for
further work.

Evaluation of investigator results

Work products created by investigators may be subjected to multiple types of review. One of the
most valuable is review by the informants themselves, with attention to accuracy and complete-
ness. Further review may be carried out by peer investigators, with consideration to clarity, atten-
tion to established investigator processes, suggestions for follow-on KA activities. Another
important form of review is by an established group of experts as in TCIMS that takes a more glo-
bal look at the body of KA results and the credibility of the sources of the information. Finally,
there may be reviews by technologists with respect to the usability and formality of the informa-
tion, its suitability as source material for work products such as software requirements and design
documentation.

KA enterprise input to session planning

Many of the decisions made while planning the enterprise can be used as guidelines in planning
the individual session. We will demonstrate this with an example from TCIMS, where stakeholder
issues, the planned audience groups and their associated representations (see Section 4.6) all have
an impact on the successful planning of the sessions.

Example. Two lessons learned from the TCIMS project concerned the accessibility of infor-
mation to various target groups. On the one hand, the group of technologists (i.e., the system
developers who will be introducing new technologies into the field) were reluctant to recog-
nize either the difficulty of the knowledge acquisition effort, or, more importantly, its value to
their task. Technologists complained that there was too much verbiage in the material, and
that it did not tell them what they needed to do to develop their systems. On the other hand,
representations used in some KA products were unfamiliar and perhaps even alien to the
medical community. The effect of this was to increase the difficulty of model validation.

Both of these types of problems can be ameliorated, or at least better anticipated, by paying
close attention to the intended audience of each workproduct. This would both reduce the
amount of information that the technologists would have to deal with, as well as make sure
that the information that they do access is understandable to them. Similarly this would
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remove the necessity for members of the medical community to learn representations that are
unfamiliar to them.

The lesson to be learned for the knowledge acquisition project planner is that it is necessary to
explicitly know the intended audience of each KA workproduct, and to tailor each workproduct
for its intended audience. In particular, a KA workproduct that will be accessed by multiple audi-
ences may need to be maintained in multiple forms. Here, automated tools to support seamless
transfer of information among representations would clearly be a boon, as the collaborative nature
of the KA enterprise means that changes can ripple back and forth along the life cycle from raw
data acquisition to more formal modeling and interpretation of the data.

Variability issues

In general, in dealing with a given informant, we can distinguish between variability that can be
directly elicited from his experience and variability that can be modeled only by aggregating or
integrating his experience with other data. More specifically, we can distinguish the following
cases:

* In some cases, particularly reflective or expert informants can offer data already close in form
to a model of commonality and variability for their domain: an abstraction of their experi-
ence. In many stable domains, elaborate codifications of data are available (e.g., in the medi-
cal domain, established protocol or procedures documentation). Such data needs to be
handled in the KA process as an artifact, but as a particular kind of artifact which provides
second-order, interpretive or meta-data as it occurs within the focus community.

* Variability that is part of regular work practice for the informant but is articulated through or
as a result of the KA interaction. This could be documented as part of a work process model,
procedures (with contingency conditions,) etc. These could range from truly routine, low-
skill activities to activities requiring expert judgment. For a practitioner such as a medical
staff person, triage procedures are an example. Here, the knowledge is codified as a result of
the KA process but was known or accessible to the informant prior to KA participation.

* Variability can be elicited from an informant’s experience through a process of reflection. The
informant offers observations of variability on the basis of varied experience (moving jobs,
working at different sites, etc.). The KA interaction may trigger a reflection or learning pro-
cess that changes the informant’s relationship with their own knowledge or practice.

® Variability observations result from making new information available to the informant and

thus sparking reflection that is a direct intervention of the KA process. This could include
walking an informant through a set of artifacts similar (but not identical) to those with which
he is familiar; bringing together a group of informants filling similar job roles to compare
notes; or asking an informant to validate a KA workproduct which represents codified variant
data gleaned from other informants. As with the case above, the learning involved in sparked
by the KA interaction but in this case more of an intervention has taken place, since new data
is made available to the informant.

* Variability is observed by the investigator in synthesizing data obtained from multiple infor-
mants, artifacts and/or settings (often the assumed scenario in KA).

Example. Two medics might have different ways of classifying the various triage decisions
that they face. In this case, we must compare not only a set of triage instances or cases which
we then synthesize into our own classification or comparative model, but also the way the two
medics have differently “made meaning” out of the range of cases in their respective bases of
experience.
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The examples above range over several different factors. The primary factor is the extent to which
the knowledge is already extant in the focus community, is created via interpretation by the inves-
tigators, or emerges through collaboration between informant and investigator. The KA plan
should make necessary distinctions between these different cases and track representations differ-
ently depending on their origin. Otherwise it is difficult to correctly interpret the representations
or models.

Each such model, whether a previously created informant model treated as artifact, or a KA work-
product created in collaboration with investigators, embeds a “theory” about variability in the
domain. There may be multiple such models, or a single such model may diverge from the theory
that emerges from the investigators’ own models in the same area. This becomes a model resolu-
tion issue that reflects variability at a meta-level from that observed in the work practice of the
domain itself. Some social scientific academic work has been done in relevant areas such as meta-
ethnography that deal with the synthesis of multiple, qualitative interpretive data analyses [28]. In
general, though, this is an area requiring substantial further research.

Representations for representing knowledge acquisition need mechanisms for describing variabil-
ity. These will be discussed in more detail in Section 5.0, which discusses representation strate-
gies for KA.

Investigator bias

The investigator’s previous experience and degree of relevant expertise can be a significant factor
to consider in planning. Bias on the part of the investigator can affect the accuracy, consistency
and completeness of elicited knowledge. The effects of bias can be anticipated during enterprise
planning, and the development of the bias itself can be tracked during thread planning. The effects
listed below can be counteracted to some extent during session planning:

* Missing data (did not ask the question).
* Inaccurate data (mis-heard, mis-reported, imposed own view).

* Interaction led to false data (led the witness, created resistance, or created an over-willingness
to please and give the “right” answer).

* Mixed source of data (uses session as vehicle to interject own opinions and knowledge with-
out acknowledging this).

Strategies to counteract risks of investigator bias include the following:

* Having informants interviewed by teams that include an investigator with a high degree of
topic expertise and a relative novice (with respect to the topic).

* In Section 4.5.3, the investigators were characterized according to their skill levels in specific
techniques and procedures for suspending unwanted influence of their expertise on a session.
Selecting investigators with these skills for sessions where the effects of bias are particularly
risky or likely.

* Build into the session structure explicit solicitation of feedback from informants about their
perception of how well the investigator has performed their task. Were their remarks properly
understood and noted? Were important points missed or glossed over?
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Informant bias

Bias on the part of the investigator can skew results in various ways, as described above. Bias on
the part of the informant is slightly different in nature, as outlined in [26]. Of course, an informant
will be presenting personal opinions and viewpoints; this is a given in dealing with the knowledge
source. The problems here can take the following forms:

* Lack of clarity in distinguishing personal knowledge and opinion from consensus knowledge
of the community of practice.

* The “say versus do” problem: what is reported may not correspond to actual practice.

* Unwillingness to share knowledge, or distortions ranging from “white lies” and politically
correct answers to deliberate falsification.

* The informant may have a lot invested in the uniqueness of their knowledge and problems; or
conversely may be too ready to report in generalities and “normalize” practice.

Different strategies for planning sessions can adjust for some of these factors. Relevant factors in
selecting the right strategy include the closeness of the session’s context to the work setting about
which knowledge is required, and the degree of awareness of the informant that knowledge acqui-
sition is occurring. These various strategies can be viewed as a kind of spectrum of options:

* The most typical interaction between an investigator and an informant would be in a formal
interview outside the work setting (e.g., in a conference room, perhaps with a tape recorder or
video, certainly with the investigator taking notes during the session). If the informant is
being asked to recall detailed procedural knowledge this may be an awkward setting. (The
scenario elicitation process is one attempt to facilitate recall by appealing to natural ways of
conceptualizing work flow and task boundaries.)

* An interview conducted in or near the work setting itself may improve the closeness of fit
between the reported and actual practice. Passive observation of work actually being per-
formed, with the investigator visible and acknowledged but otherwise not directly interacting,
would generally yield richer data along these lines. However, the activities in the work setting
will be affected by the presence of an observer.

* Participant observation, where the investigator plays a work-related role within the setting of
focus, can be less obtrusive because there is an acceptable role for the investigator within the
normal roster of work-related roles. This personal, experiential data can result in far richer
knowledge transfer. How much of this is effectively codified depends on the skill of the inves-
tigator.

* Non-intrusive data collection (e.g., instrumented tools for data collection and logging) would
in theory enable obtaining more accurate information about real versus official practice. Here
an ethical issue arises. In theory, clandestine observation would yield the most objective data,
yet it would generally be unethical to collect and utilize data on this basis as part of a knowl-
edge acquisition effort. When informants are aware and willing to participate, non-intrusive
data collection has the advantage of not “breaking the flow” of the event.
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4.10 KA Capability Development Plan

We have stated that only in a few cases will the investigators in a KA enterprise have true stake-
holder interest in codifying their own skills in KA for transfer to other domains. Nevertheless, for
any project of significant size there are good reasons to include a systematic means of assessing
and improving fundamental KA skills among investigators. For any informants who have expo-
sure to multiple investigators over time, presenting a reasonably consistent standard of approach
and competence is important for the overall credibility of the project.

In this section, therefore, we offer some suggestions for questions that can be used for self-assess-
ment and as a basis for ongoing evaluation, exercises and discussion among investigators.

® Do I know how to “play dumb”?

When I am interacting around a topic I do know well, how good am I at suspending my own
knowledge and opinions, in order to elicit the knowledge of the informant? (Imposer vs. good
facilitator?)

In order to allow an informant to offer information in a form with which he is comfortable, it
might be necessary for an investigator to allow the informant to report information with
which the investigator is already familiar. By acting as though he does not already know the
things the informant is reporting, the investigator can encourage the informant to cover basic
material thoroughly. This could well allow the session to uncover some normally unspoken
assumptions that are embedded within the work practice.

® Do I know how to “play smart”?

When an informant moves into territory that is new to the investigator, there is a good chance
that a lot of knowledge can be acquired. If, however, the investigator seems to be getting lost,
this will encourage the informant to retreat to firmer, simpler ground. An investigator who
can give the impression of understanding all the intricacies of an explanation can encourage
the informant to move into new areas. The investigator should be able to:

— Ask interesting questions when still in the dark
— Tolerate not knowing

— Maintain informants’ buy-in when they may tend to be intolerant of people not familiar
with their field

— Project an air of intelligence in areas where their knowledge is insufficient
— Know when and when not to try to bluff
® How well can I skim/filter technical material?

While not often discussed as a skill, one of the hardest tasks that faces the investigator in KA
is how to rapidly filter information sources. The temptation, of course, is to get lost (and
hence, for any non-trivial domain, overwhelmed) in the detail; or, literally, to not know how
to extract useful points from the morass of material. This is a learnable and practicable skill,
that requires attention to both time- and topic-based constraints.

® How attentive am I to reflecting back the terminology of informants in the interview?

Do Iintroduce my own terms and expect them to shift? Do I check out and verify whether my
usage of unfamiliar terminology is accurate?
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® How fast am I at picking up knowledge in new areas? (Quick study?)

There is fascinating interplay between these acquired skills (or traits) in knowledge acquisition.
For example, does a person who can readily suspend their expertise in a familiar area also tend to
be a person who can facilitate well in an unfamiliar area? We speculate that good listening skills
are a fundamental requirement in both cases.

We posit a knowledge acquisition skills “maturity mode]” that illustrates the various levels of skill
that an investigator might already have reached by virtue of other, similar activities:

* The first “level” of knowledge acquisition skill recognizes that many of the skills of a good
reporter are relevant to knowledge acquisition, such as building rapport, remembering what is
said, taking effective notes, balancing leading and following in the interview, and taking care
to cross-check and verify stories. Good reporters also have less tangible skills like “smelling
a good story,” being resourceful about finding people to talk to and other sources of informa-
tion, etc. Ethical questions that arise for reporters such as balancing the impact of a story on
the subjects and their community with the public’s “right to know” can be understood in
terms of conflicting stakeholder interests. Investigative journalism and detective work involve
many of the same skills. Note that in classic journalism there is no imperative to report using
the terms and concepts of the focus community; the reporter acts as the “eyes and ears” of the
larger culture.

* The second “level” of knowledge acquisition skill can be differentiated by going beyond
news reporting or detective work in that it attempts to elicit knowledge from information
sources (informants) without imposing concepts, categories, or language from the reporters’
or detectives’ culture. This kind of concern would be more typical of a professional ethnogra-
pher (e.g., a cultural studies researcher) for whom capturing the native or emic categories is a
specific goal.

* Unfortunately for the goals of knowledge acquisition, each session is inevitably an interven-
tion in the focus community. The next “skill level” involves not merely seeking to have no
influence, but acknowledging and attempting to plan and compensate for the influence that
occurs. An inter-cultural reflectiveness is required to recognize what categories, values, and
language the investigator brings as a member of the community doing the research (in addi-
tion to her personal biases). This is particularly important because it not only colors the data
acquired, but it does so in a way that is often very difficult to see in the data itself. To become
aware of these factors means owning up to the politics of how “we” who are doing the study-
ing may impose on “they” being studied. Sometimes this type of research reveals as much
about “us” as it does about “them.” In Canvas, the emphasis on looking at all the various
stakeholder issues involved is one step towards fostering this skill level in KA.

* In what we view as the highest skill level in KA (within the scope of this document) the infor-
mant and investigator are engaged in true collaborative knowledge acquisition, i.e., they see
themselves as working together to create a codified model of knowledge in the topic areas.
True collaborative knowledge acquisition requires that investigators and informants engage in
a relationship that (1) temporarily suspends the cultural lenses of their respective work set-
tings; and (2) builds enough trust to discuss topics that may be culturally “taboo,” politically
sensitive or so deeply internalized as to be hidden to practitioners.
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Skills required for collaborative knowledge acquisition

Collaborative knowledge acquisition expertise includes the skill of being a “skillful non-expert”
who can help experts reflect on and articulate their own knowledge in fruitful ways. The investiga-
tor many times must act more as facilitator than an interrogator, by knowing the right questions to
ask. The investigator must also, in the terms of Donald Schon, be a “reflective practitioner” [31]
continually practicing the intensive inner work of examining and adjusting for personal and cul-
tural bias. She must be ready to experience the ground shifting in the interview, discover and sus-
pend successively finer details of this bias, without feeling defensive or, alternatively, fleeing her
own cultural bias in favor of the bias of the informants. (This last point highlights the risk of loss
of perspective that could be called “going native.”)

The investigator must hold her own need for closure in suspension in the face of emerging data
that is not immediately consistent, clear, or coherent. Maintaining high receptivity without judg-
ment or premature conclusion in these situations is a difficult and a critical skill. The investigator
builds a trusting relationship, but in a way that is not exactly mutual and does not allow the “inter-
view” to lapse into normal friendly conversation, problem solving, advocating, or advising.

When the informant temporarily leaves the flow of his cultural daily life to reflect, talk and allow
his knowledge to be elicited by the interviewer (who is suspending the lenses of his own culture
described above), then a third, “collaborative” vantage point is established. This could be thought
of as a temporary culture in which both informant and investigator can “play” as equals, confront-
ing even harsh realities and envisioning new possibilities. This is where innovation may take place
in a way visible to and acceptable to both communities of practice.

The description above places demands on someone who performs knowledge acquisition that may
take years to master. From this set of questions, one might think no human ever gained the objec-
tivity, creativity and receptiveness necessary to be an investigator in a knowledge acquisition
project. Although we have presented this in terms of skill levels, the analogy to a true maturity
model may be misleading here. Different contexts impose different needs for handling various
issues (e.g. a reporter need not aspire to be an investigator in a KA effort.) It is possible to carry
out knowledge acquisition tasks without having mastered all the subtleties of a collaborative, eth-
nographic approach. Experience with other related activities can develop some of these skills, and
investigators can be effective even as they develop and refine the skills outlined above.
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5.0 Representation of Knowledge

Representation of knowledge forms the cornerstone to knowledge acquisition. Since knowledge
acquisition refers to transfer from one community of practice to another (rather than to a single
individual), the knowledge must eventually be written down in a form accessible to the target
community. One of the major skills of an investigator is fluency in systems for writing down
knowledge. We refer to such systems simply as representations.

A representation is very similar to a language. Not only is it a system for writing things down, but
also, like a language, it includes two components: a notation, in which the representation is writ-
ten, and a semantics, which provides meaning for workproducts written in that notation. However,
in contrast to most languages, representations for knowledge acquisition typically have a much
narrower scope of expression. Typically, the notation of a representation provides a small number
of elements from which to construct workproducts; for example, boxes and arrows, or arrays of
cells. The semantics of a representation specifies how these elements are mapped into some real-
world things, or relationships between real-world things. As we shall see, it is this narrowness of
scope that allows representations for knowledge acquisition to provide guidance for the knowl-
edge elicitation process.

Representations play several roles in the knowledge acquisition process:

* Within a single community of practice, representations can be used as a part of everyday
work, or as part of the training process for introducing new members into the community.
This applies to both the focus and target communities in a knowledge transfer configuration.
An investigator must have the flexibility to be able to manage workproducts expressed in
these native representations.

* As part of the knowledge acquisition process, the investigator will produce workproducts,
which will have as their intended audience members of the focus community, e.g., for pur-
poses of validation. Such workproducts will have to be produced in a representation accessi-
ble to that community.

* During a particular knowledge acquisition session, a representation can be used to focus col-
laborative work between the investigator and one or more informants. Using a particular rep-
resentation during the session keeps the focus of the session clear, and allows the investigator
to move systematically through the material.

* Also as part of the knowledge acquisition process, workproducts will be produced with the
target community as intended audience. These workproducts will have to be expressed in a
representation that is accessible to the target community.

If we think of knowledge acquisition as a craft, then representations are the craftsman’s tools, and
the mark of a skilled craftsman is fluency with these tools. No single tool can cover the entire
range of jobs; just as a craftsman has a kit of different tools, an investigator should be familiar
with several representations. In the Canvas context, a repertoire of representations is a set of rep-
resentations used by a specific community of practice. The repertoire includes both the represen-
tations and the relationships that enable their use together or in complementary ways.

In order to have command over a repertoire of representations, an investigator should know the
following things about each representation:

1) How to create and maintain workproducts written using the representation,

2) What circumstances indicate and counter-indicate the use of the representation,
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3) Common traps that users of the representation can fall into,
4) The built-in bias of the representation, and

5) How the representation is related to other representations in the repertoire.

The idea of a repertoire of representations cannot be stressed too highly here. Skilled knowledge
engineers1 should develop a broad repertoire of representations to allow them to interact with
many different practitioner communities. We have seen numerous knowledge acquisition projects
run into trouble because a knowledge engineer has studied up on a particular representation, and
has insisted on continuing to use it, even after it was apparent that nothing was to be gained from
that representation. A good craftsman can recognize the right tool for the job.

Just as a craftsman, throughout his career, acquires a collection of tools that he feels comfortable
using, and with which he is most effective, a knowledge engineer also collects representations
with which he is comfortable. It is not our intention in this book, nor would it be possible, to offer
a definitive set of representations that we expect all knowledge engineers to use. Instead, in the
rest of this section, we will expand on the five points above, with an aim to providing some guide-
lines of how one might develop this sort of fluency in a repertoire of representations. We conclude
the section by presenting as an example a particular repertoire, that used in the TCIMS project,
expanded with one more representation that we added to the repertoire during a trial application
of the Canvas planning process.

5.1 Creation and maintenance of a representation

The first fluency that an investigator must have with a representation is the basic ability to create
workproducts in that representation. This is similar to the language skill of being able to write
sentences in a language. The most important thing to notice here is the relationship between the
notation and the semantics of a representation. The notation refers to how something is written
down; trees, tables, and lists are common examples of notations. The semantics refers to how the
written workproduct is to be interpreted. There can be many different semantics for very similar
notations; for example, trees are common used to reflect corporate organization (the so-called
“organization chart”), class inclusion (in biological taxonomies), and heredity (genealogies).

Various tools, elicitation techniques and aids can be developed to support the creation and mainte-
nance of workproducts in particular representations. In one Canvas follow-up project, we pro-
duced a special “taxonomy graph paper” to simplify the creation of taxonomic representations. It
is also possible to have computer support for the creation of certain representations. Diagramming
tools and outliners offer numerous possibilities for such support. It is important to keep in mind,
however, that the semantics of the representation might not be supported by the tool. Over-reli-
ance on the tool can result in a false sense of security that if something is represented “in the tool”,
everyone will agree what it means.

Since it requires something of an investment in training and infrastructure support to make wide-
spread use of a given representation within a KA effort, it is wise to consolidate this supporting
material in the KA Team Guidelines for the KA enterprise.

Ln preceding sections of this guidebook we have avoided the term “knowledge engineer”, using “investiga-
tor” to refer to a person who performs KA tasks. Since we now deal with a coherent set of skills necessary to
perform KA in diverse settings, it is appropriate to speak of a person who has acquired these skills as a
knowledge engineer (albeit with distinctions from the conventional usage of the term in the expert systems
field, as explained in the lexicon entry in Appendix C).
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5.2 When to use a particular representation

This is the question that most beginning knowledge engineers find the most frustrating. They have
learned a small repertoire of representations; but when one is faced with a confusing mass of
informants, artifacts and information to be gathered, deciding which one to use can be daunting.
There are a few things that can make this decision easier.

First, consider the audience for the workproduct. As discussed in Section 3.0, there can be many
audiences for a particular workproduct. Sorting out which audience will see a workproduct can
reduce the uncertainty in choosing a representation. For a particular audience, what sorts of repre-
sentations are they accustomed to using? We have found a good deal of prejudice (also in our own
practice!) around this issue, that certain classes of practitioners are unaccustomed to certain types
of representations (e.g., “only software engineers can understand entity-relationship diagrams”).
Don’t trust your prejudices. Do a bit of investigation on the intended audience, and see what they
are accustomed to working with. Select a representation that they will be comfortable with (but
beware the pitfall of the “falsely familiar” representation, described in Section 5.3).

One of the most effective ways to select a representation is based on the kind of knowledge that
the representation can express. This characterization can be quite subtle, but is probably the best
way for a knowledge engineer to “get to know” a representation. Below we identify some charac-
teristics of the kinds of knowledge that a representation can express. These characteristics can
have complex interactions, but they are the best way we have found to get a handle on the relative
powers of different representations.

Dynamic versus Static Information

Representations vary in their suitability for representing dynamic and static information. Pro-
cesses and algorithms are dynamic in nature, and require very specific notations to capture this
dynamic aspect. Category structures and lexicons, on the other hand, do not have a dynamic
aspect to them, and have another set of notations altogether. Dynamic and static in this sense do
not refer to how quickly the knowledge changes, rather, to the nature of the thing to be explained
itself. Flow charts, instruction booklets and programming languages are common examples of
dynamic representations; data dictionaries, class structures, and grocery lists are common exam-
ples of static representations.

Procedural vs. Declarative knowledge

Procedural knowledge is a type of knowledge which consists of the skills or tasks a person can
accomplish or perform. This is what an informant would describe as “knowing how” to do some-
thing. Procedural knowledge is often an automatic response to stimuli, can be reactive in nature,
and is therefore difficult for an informant to explain or describe. Declarative knowledge, on the
other hand, is a type of knowledge often referred to as “knowing that”. It is surface level informa-
tion that an informant knows he possess and that he can easily verbalize. An example of proce-
dural knowledge and the difficulties inherent in acquiring it can be shown by considering how
difficult it is to explain how to tie a shoelace. In contrast, the declarative knowledge that a shoe
has two laces, that there are two types of knots that can be tied (i.e., granny and square), is easy to
access.

Semantic and Episodic knowledge

Semantic and episodic knowledge correspond to two forms of long-term memory. Semantic
knowledge includes words, symbols, facts, and definitions, while episodic knowledge includes
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autobiographical and experiential knowledge which an informant has grouped or “chunked”
together. The names of streets or sections of town are examples of semantic knowledge, while the
knowledge of driving the route along these streets to get to work (e.g., the strategy for changing
lanes or for operating the car) is an example of episodic knowledge.

Variability versus Commonality

How we deal with variability in a knowledge acquisition project is of fundamental importance.
Variability can only be dealt with to the extent that our representations can express it. When a rep-
resentation is capable of expressing variability, it means that it can express information about a set
of phenomena, explicitly indicating what the exemplar phenomena have in common, and what
they do not have in common. A common representation of variability is the product comparison
chart, as seen in consumer information articles. A particular representation can be good at repre-
senting either commonality, variability or both; these variants, including the perhaps counter-intu-
itive idea that a representation might be good at representing variability but not commonality, are
treated in detail in [40].

5.3 Traps and Pitfalls

Once a representation has been chosen, and some knowledge is being represented, there are still a
number of problems that can arise. Each representation will have some specific problems, which
are best learned by experience. However, there are some general categories of problems that can

befall many different representations.

Probably the most common pitfall of a representation comes when a workproduct is shown to a
practitioner in some community for the first time. The practitioner looks at the representation, and
finds it confusing and incorrect. Sometimes, this can cause the practitioner to become frustrated or
annoyed. Often what is happening here is that the chosen representation is very similar in notation
to some representation with which the practitioner is familiar, but the semantics are somewhat dif-
ferent. This is a danger even (or perhaps especially!) when a representation has been chosen for its
familiarity to its audience.

There are a number of ways to avoid this trap. First, if you use a representation based on its simi-
larity to a familiar representation, pay close attention to the semantics of the representation in its
native context. Sometimes the differences can be quite subtle. If you choose to use different
semantics, make the differences clear to the audience. Cosmetic changes to the notation (printing
diagrams rotated through 90 degrees, using different shapes for boxed information, etc.) can act as
a reminder about which representation has which semantics. If the semantics continues to be con-
fusing, perhaps it would be better to use another representation for this audience.

Another pitfall happens when a representation is pushed beyond reasonable limits. Although rep-
resentations for knowledge acquisition typically have less expressive power than even most pro-
gramming languages, it is still possible to use them to express a wide range of information, which
might be better represented some other way. A sign of this happening is that the representation
process starts needing counter-intuitive justifications (e.g., “We can represent it like this, if we just
say that Lassie is a breed of dog, but with only one dog of that breed”, or “this works fine, if we
say that birth is the leading cause of death”). This sort of representation process usually indicates
that a representation is being used in a way that will not be apparent to its readers, and hence will
fail farther down the road.
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5.4 Representation bias

In Section 4.8 we discussed the issue of bias in planning a thread, mainly from the standpoint of
managing an investigator’s bias in a knowledge acquisition session. However, human experience
is not the only source of bias in a knowledge acquisition setting; the choice of a representation for
knowledge acquisition also brings in assumptions and biases about the knowledge to be repre-
sented.

The notation and semantics of a representation limit what can be easily expressed in that represen-
tation. The filtering and organizing effect that this has on the knowledge acquisition process is
essential to the role of a representation as a means of focusing the process. However, it also biases
the representation toward interpreting the world according to the terms of the representation.

Example. Consider an “organization chart” of a hierarchical organization. It is made up of
nodes with names of individuals connected by links in the form of a tree. The semantics of
the diagram specify that people further down the tree report to people above them on the tree.
This representation is biased toward hierarchical organizations. It is quite easy to draw and
read such a diagram for such organizations. However, if it is used in a non-hierarchical orga-
nization (say, a congregation that makes decisions by consensus, or a self-managing team),
then the biases of the representation show up as difficulty in applying it.

Representational bias is a two-edged sword; on the one hand, the bias of a representation allows a
particular workproduct to focus attention on desired aspects of the elicited knowledge; on the
other hand, representational bias can cause an effect of “mind set”, blinding the investigator (and
the informant) to aspects of the knowledge that are not easily expressed with the representation.
The investigator can thereby miss information not easily expressed in the representation, while
over-emphasizing or even projecting information that is easily expressed.

Representational bias has an important advantage over individual or personal bias — it is objec-
tive and predictable, and hence can be compensated for. While it is difficult for a person to answer
the question, “What are my biases, and in what way do they limit me?”, it is relatively easy to
determine the biases of a representation, and to account for them during the planning process.

These aspects of representational bias make it one of the strongest motivations for assembling a
repertoire of representations. The problems of mind set can be reduced or avoided by using more
than one representation to avoid getting locked into a single perspective, using the relative predict-
ability of representational bias to coordinate the effort.

5.5 Relations between Representations

The difference between a grab-bag of tools and a repertoire is the relationship among the various
tools. If one tool is not right for the job perhaps another related tool is; a job that is unwieldy using
only one tool might well yield to a judicious combination of tools working in concert. We have
identified a number of relationships between representations that suggest this sort of synergy.

Sloppy vs. Formal Representations

A full repertoire of representations should include a number of sloppy representations as well as
formal ones. By “sloppy” representations, we refer to representations in which relatively few
restrictions are placed on what constitutes a valid workproduct in the notation. A more formal rep-
resentation is one in which the notation is restricted. These are comparative rather than absolute
terms; one representation can be sloppier or more formal than another.
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Example. A representation for diagrams, in which boxes are connected to each other by
arrows, with some unrestricted annotation on the arrows, is an example of a sloppy represen-
tation. If the diagrams are restricted to having no cycles, and the annotations are chosen from
a small set of meaningful keywords, then the representation is more formal.

The word “sloppy” is not intended to imply that these models are somehow less correct or less
useful that formal models. In fact, sloppy models have a very particular use, often in the interview
setting itself. During an exploratory discussion, the freedom allowed by a sloppy model can be
exploited to capture rapid flow of ideas without a great deal of filtering. A formal model, on the
other hand, is more likely to have specific biases, allowing the interview to have a clear focus.
Sloppy models are often used to represent partial, incomplete, or uncertain knowledge, to allow

for a mix of notations or semantics, and even to gather data about a given community’s “native”
interpretation of a given notation style.

As shown in the example above, a particular formal representation might be a restriction of a
sloppy one. A common way of combining the use of two such representations is to begin general
elicitation with the sloppy representation, use one or more formal representations to identify par-
ticular aspects of the information, and then follow up with a more focused, systematic investiga-
tion based on the more formal representation.

Summarizing Representations

One workproduct might represent a summary of information found in several other workproducts.
Especially in a large knowledge acquisition enterprise, the representation repertoire should con-
tain some representations that are particularly useful for summarizing others. The repertoire could
include a number of different ways to summarize any particular representation, reflecting the
interests of different stakeholder groups.

Complementary representations

The knowledge types outlined in Section 5.2 are described as contrasts; procedural/declarative,
dynamic/static, etc. Pairs of representations that treat knowledge of contrasting types can often be
used to complement each other. In the TCIMS/SEP repertoire described below, we will see a num-
ber of these complementary pairs.

5.6 A Sample Repertoire — TCIMS/SEP

As an example of the properties of a repertoire of representations, we will describe the repertoire
used by the TCIMS project. Recall that the TCIMS effort was based on the SEP methodology. The
repertoire of representations used in SEP starts with the scenario, used to describe direct experi-
ence in a work setting. Then there are several forms of task representations, which summarize and
interpret aspects of the scenarios. As a complement to the task representations (which capture
mostly procedural knowledge), SEP uses a number of concept representations for declarative
knowledge. Many of the TCIMS workproducts were collected in an on-line repository called
SEPWeb, from which some of our examples in this chapter and in Section 6.0 are derived. In our
trial applications of Canvas, we also used taxonomies to represent aspects of variability. We have
included a description of taxonomies here, although they are not a part of the SEP repertoire.

Each representation type is described and characterized in terms of the attributes of representa-

tions given above. These characterizations can be used by the reader as examples to guide in char-
acterizing and selecting representations for inclusion in his own repertoire.
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Title: Parachutist’s Chute did not open
Environment: Training Jump: No enemy present
Medics and buddy approached casualty after seeing him fall

Performed initial Assessment. Findings included:
nasal fracture (congested airway)
patient unconscious
Bilateral fracture — legs distorted
Pelvis probably broken

Requested Ambulance by radio
Intubation done to improve airway
Provided patient with oxygen
Prepared patient for evacuation
Performed secondary Assessment
Straightened and splinted legs
Started IV
patient regained consciousness
Loaded patient onto Ambulance (20 minute transport)
patient arrived at field hospital
Field hospital performed surgery

Exhibit 11. Example Scenario from SEPWeb

5.6.1 Scenario representations

Scenarios are used to represent single threads of execution. Scenarios contain environmental con-
text information, initial state information, actors, items in the environment, time referenced transi-
tions, and a final state.

Scenarios can be used to describe specific situations that occurred and the events that took place in
these situations. More generic scenarios can be used to describe the tasks carried out by a particu-
lar actor. There are two types of scenarios: “As Is” and “To Be.” The As Is scenario documents
current practice and the To Be scenario can be thought of as a proposal for the future.

Scenarios are generally presented as text files in combination with maps or other graphic informa-
tion. In some cases timelines are also included. Scenarios are decomposed into events (or tasks).
Each event is listed, described, and possibly further decomposed. At the atomic level, an event is a
responsibility assigned to a single entity. This entity can be a person, computer, or device. For
example, “Determine Pulse” is a event that could be done by a medic or a medical device.
Exhibit 11 shows an example scenario taken from the TCIMS project repository SEPWeb. Notice
how it describes the particular roles that the performers (buddy and medic) and devices (radios
and ambulance) play in the event.

From the viewpoint of the target community, the primary uses of scenarios are to feed task
decomposition (see section 5.6.2) and for system test and evaluation. From the viewpoint of the
focus community, scenarios are used for validation, to help ensure the development is focused in
the right direction.
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Tell the domain expert:
We will go through the following steps
* select a scenario
® describe the scenario to me as an overview

* describe the actions that a situation assessment “person” would take at each point in
the scenario

* review the tape of the above to explicate the reasoning and justifications which you
used at each point.

From this I will attempt to pull out the important criteria and types of reasoning
employed.

Exhibit 12. Steps for Scenario Elicitation

The development of sample scenarios that describe responses to specific situations by an infor-
mant allows us to look into a specific set of situations to get a clear idea of the tasks and responsi-
bilities involved within the informant’s area of expertise. By decomposing scenarios, we are able
to clearly identify the key participants, identify the sequence of events and identify the key issues
and communication requirements generated during the scenario. The informant and investigator
should work together to determine the major occurrences of each scenario.

Providing a skeletal structure for each scenario developed ensures that the key elements are iden-
tified. Exhibit 12 shows an example of structured steps that can be used for scenario elicitation.
Working from this set of steps, the investigator and informant further define the scenario and its
attributes. Scenario elicitation of this sort is an example of collaboration between the informant
and the investigator. As an informant gains familiarity with the scenario form, he becomes more
adept at providing scenarios. In this way, the scenario elicitation technique is training the infor-
mant.

Scenarios are a way of capturing procedural knowledge in a specific situation. Like processes,
scenarios describe dynamic aspects of the world. Variability in the scenario is not ordinarily an
issue, as a scenario represents a single thread of execution. Variability in the domain of the focus
community is addressed by composing a set of scenarios that encompass the important aspects of
the domain with sufficient variations to be adequately descriptive.

5.6.2 Task representations

Task representations allow decomposition of a task into its subtasks. Task decomposition can be
used to represent a task performed by the focus community that occurs repeatedly over a wide
range of scenarios. For example, the task of “Casualty Assessment” occurs repeatedly in all battle-
field care scenarios, although when it is performed (and by whom) differs.

Task representations are particularly useful in the selection of areas to be considered for automa-
tion (using the As Is decomposition) and in determining how automation will be accomplished
during system development (using the To Be decomposition); therefore they are often the repre-
sentations of choice in knowledge acquisition projects aimed at technology development. Task
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Conditions Conditions

Exhibit 13. Flowchart

analysis is used to identify major tasks or job functions and their relation to the overall job being
performed. This type of analysis requires the investigator to be able to break tasks and subtasks
down into manageable chunks that will be represented.

The task representations in the SEP repertoire vary widely, and can be selected on the basis of the
character of the tasks being described. The SEP repertoire includes simple textual descriptions
(not shown) to capture information about subtasks, timing, constraints, decisions, and resources.
The repertoire also includes some more formal graphical representations, namely flowcharts,
modified petri nets, event trace diagrams, and state transition diagrams. Flowcharts are best suited
for representing decision-oriented task sequences (see Exhibit 13). While flowcharts are particu-
larly biased toward simple linear sequences, modified petri nets and event trace diagrams can be
used when interaction and coordination is a dominant element. The modified petri net (shown in
Exhibit 14) is a petri net with the additional features that tokens may be treated as objects that
retain their identity through transitions. The modified petri net is well suited to provide a view of
overall interaction and coordination, but lacks temporal information. Event trace diagrams (shown
in Exhibit 15) can easily represent time, but the complexity of the diagram grows quickly as its
scope is increased. As appropriate, state transition diagrams can be used to record transitions asso-
ciated with performing tasks (not shown).

Task representations are versatile in the types of knowledge they can represent. While they prima-
rily represent procedural rather than declarative knowledge, they can express both semantic and
episodic knowledge. Like scenarios, tasks represent dynamic processes. The degree of representa-
tion of variability in task representations varies greatly. The event trace diagram is essentially syn-
onymous with scenarios in that it shows a fixed sequence of events, so there is essentially no
variability present except any variability in times associated with each task component. A flow
chart represents the limited variability supported by decisions within the process being modeled.
The inherent non-determinism of the petri net implies that any single diagram represents a broad
range of behavior subject to the constraints imposed by the coordination activities, such as “Vehi-
cle Management” in Exhibit 14.
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Exhibit 14. Modified Petri Net
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Exhibit 15. Event Trace Diagram
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Trauma Care
Management
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Assess, Transport and Patient Task
Triage Treat and Transfer Selection Assignment/ Move
Monitor Responsibility Protocol Scheduling
\i Y
Transport Walk

Exhibit 16. Conceptual Hierarchy

5.6.3 Concept representations

Concept representations are used to differentiate between concepts identified by an informant. If
the audience, at any level, is unfamiliar with concepts being represented in other representations,
conceptual analysis and representation is vital to a project’s success. If the audience is familiar
with the domain and its terminology, the need to identify and represent primary concepts is
reduced. Providing concept representations is also critical when the audience is diverse, such as a
consortium rather than a single company. Identifying and modeling domain concepts allows all
participants to understand and agree on common domain terminology.

Graphical representations that can be used to represent concepts include conceptual hierarchies,
concept maps, and object diagrams. Exhibit 16 provides an example of a conceptual hierarchy.
Conceptual hierarchies show aggregation of concepts. This type of view is effective when the
domain is large and concepts must be consistent for presentation to a large audience.

Another means to represent concepts is the concept map, shown in Exhibit 17. This representation
is created by having an informant describe the various attributes within a familiar domain. To cre-
ate the concept map shown in Exhibit 17, the informant, an emergency medical technician, was
asked to describe pre-hospital emergency medical providers. This map was then used to further
define attributes and tasks within the overall medical scenario.

A somewhat more formal representation for representing concepts is the object diagram with rela-
tions, shown in Exhibit 18. This representation is most appropriate when the audience includes a
software development community of practice. Object maps can be used to elaborate a concept
map when the concepts involved form a taxonomic classification.
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Animal Animal
Bird
/ * \ Ostrich
Mammal Reptile Bird Sparrow
Mammal
/ \ / \ Dog
; Horse
Dog Horse Ostrich Sparrow Reptile
Alligator ~ Dinosaur S}Ll(g):l;ﬁ;

Exhibit 19. Two Ways of Notating the Same Taxonomy, as a Tree and as an QOutline

Concept representations differ from task diagrams in that they concentrate on declarative, rather
than procedural knowledge. They share with task diagrams the ability to represent both semantic
and episodic knowledge. Typically, concept diagrams represent static entities, like categories or
objects and their properties.

5.6.4 Taxonomy representations

A taxonomy is a hierarchical representation; its notation is any of a number of hierarchical nota-
tions, as shown in Exhibit 19. The semantics of a taxonomy state that the relationship between
nodes is specialization (i.e., more specific concepts appear below more general concepts).

Taxonomies are hierarchical, as are parts breakdowns, organization charts, status relations (peck-
ing order). Almost every field of study uses hierarchies. The most common pitfall in the use of
taxonomies is to assume thereby that everyone understands them the same way. However, this
familiarity of hierarchies can lead to problems in taxonomy interpretation by informants, since the
semantics behind a taxonomy are fairly abstract. In a given knowledge acquisition session, if the
informant has a high degree of interest in one kind of hierarchical relationship and is shown a tax-
onomy, the informant may conflate the semantics of the taxonomy with the semantics of their
hierarchy of primary concern.

For example, if a medical practitioner sees the concept “surgeon” under the concept “physician”
(meaning, according to the semantics of the taxonomy, that a surgeon is a special case of physi-

cian), she might misinterpret this to think it says that a surgeon is less qualified than a physician,
or that surgeons report to physicians.

The warning to take from this when planning knowledge acquisition is that it is important to
understand the interpretation placed on hierarchies by the intended audience of a taxonomic rep-
resentation. It is always the case that the choice of a representation will constrain the choices for a
workproduct audience; in the case of taxonomies, the ubiquity of hierarchical diagrams makes
this problem particularly subtle.

Taxonomies, like concept diagrams, are typically used to represent declarative knowledge. Taxon-
omies can represent static relationships between entities, and are not well-suited to representation
of dynamic information. However, taxonomies do explicitly allow the representation of variability
through different specializations of a single concept. When combined with relations among the
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concepts (as is done by modeling frameworks such as RLF [53], [54]) the details of the variation
can be expressed. Variability can be expressed at several levels, indicating successive refinement.
In Appendix B of this guidebook, we demonstrate how a taxonomic modeling method can be used
as a representation for representing the variability in a knowledge acquisition plan itself.

5.7 A Repertoire of Representations

At the beginning of this section, we stressed the importance of a repertoire of representations, as
opposed to reliance on a single representation to cover all cases. We have also shown a particular
repertoire used by a particular mature knowledge acquisition methodology (SEP). This repertoire
has been developed in a particular context, and has its own assumptions about the nature of the
knowledge acquisition task to which it is particularly suited. Some of these assumptions have
been made explicit, but it still requires considerable work for a new SEP practitioner to gain flu-
ency in the repertoire. In addition, the repertoire presented here contains at least seven different
representations; gaining mastery in all of these, as well as the fluency required to decide which
one to use, requires extensive practice and experience.

It is for this reason that we encourage new knowledge engineers to begin collecting their own rep-
ertoire. In this way, they can develop their own understanding of the relations between the repre-
sentations in the repertoire, and the assumptions about where they can be used. They should, of
course, feel free to take any of the representations from this section and continue to add to their
own collection. In addition, there are many useful representations for the initial capture of knowl-
edge that are not complex in terms of their basic structure. The important thing is to understand
the relationships between the collected representations, to know what each should be used for, and
when to use it.

For experienced knowledge engineers, we suspect that they have already collected a repertoire,
even if they have not thought of it in that way. We hope that the criteria and examples in this sec-

tion can help them to organize and broaden their repertoire, and gain some insight into more
effective ways to use it.
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6.0 Dossier Planning and Management

Management of the KA dossier, the repository where all materials produced or used in the knowl-
edge acquisition effort are stored, is central to managing the overall knowledge acquisition effort.
The dossier contents can include the original workproducts from the focus setting (manuals, text-
books, legacy code, screen dumps, demo materials, program documentation etc.), as well as deriv-
ative workproducts produced by the knowledge acquisition team. These could be videotapes of
interviews, reports based on notes taken by the investigator during an interview, high-level dia-
grams such as those outlined in Section 5.0, lab notebooks (raw data) from experiments etc.
Although the dossier could very well include a large amount of off-line material, its index could
still be supported by a on-line indexing mechanism.

The dossier therefore contains a large number of highly disparate workproducts. In order for these
workproducts to achieve the goal of knowledge acquisition, namely, to transfer knowledge from
one community of practice to another, information about the context of the artifacts and work-
products must also be preserved. The elements of knowledge acquisition (Section 3.0) and the
planning process itself (Section 4.0) have been designed to draw attention to this contextual infor-
mation. The major role of the dossier is to record this information, for use both during the knowl-
edge acquisition process and after the knowledge acquisition effort has finished.

More specifically, the dossier plays the following roles:

® Serves as a delivery vehicle to the audience. The dossier stores the workproducts that are to
be read by the audience of the KA effort. Every workproduct has a specific audience for
whom it is intended; the value of the KA effort hinges on how well the audience can find and
understand the workproducts that are intended for it.

* Directly records the artifact threads. Of the various types of threads that make up the of the
knowledge acquisition “canvas”, informant and investigator threads are abstractions that have
to do with human beings’ state of mind and hence cannot be stored directly. However, the
artifact thread (as described in Section 3.2.3) consists of a series of annotations to a work-
product. Each of these annotations will be stored in the dossier; a well-structured dossier will
show the heritage along this thread, allowing future plans to reference it, to determine what
has already been done under what circumstances, etc.

* Provides source materials for improving investigators’ knowledge. A KA effort with a large
number of investigators must carefully manage the gaining of knowledge by these investiga-
tors. As the effort progresses, more and more knowledge specific to the KA effort will be
available, and the informants who are most deeply involved will come to expect that this
information can be used as a base for further discussions. The well-structured dossier will
also serve as a source of training material, where new investigators can catch up to become
productive, or veteran investigators can keep abreast of one another.

* Reflects planning criteria. Certain criteria for selecting elements of the planning process
reflect contextual information about the workproducts. These elements can be used to struc-
ture the dossier, so that this contextual information will be reflected there. In particular, the
dossier needs to be indexed around the following:

— The audience for which the workproduct is intended,

— The role that the knowledge source (e.g., informant or artifact) plays in the focus com-
munity, and

— How the knowledge is represented.
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In Section 6.1, we provide detailed guidance for creating an index for a dossier. In Section 6.2, we
show some sample scenarios for how to use a dossier index that was created in that ways; finally, in
Section 6.3, we discuss possibilities for automated support for searching the index to support
those scenarios.

6.1 Structuring the Dossier

The index to the dossier will have the form that we will call a multiple hierarchy. The easiest way
to describe a multiple hierarchy is by comparison to a cross-reference index to a book of poetry.
Suppose that the book has an author index, in which authors are clustered into “classical” and
“modern”, with modern authors further clustered into “American” and “English”. Suppose further
that the book has another index, alphabetical by title of poem, and still a third index, alphabetical
by first line. Each of the indices also gives page numbers for the poems.

The author index is a simple hierarchy in the sense intended here for the index of the dossier. In
the case of the poetry collection, the other two indices are not hierarchical. A multiple hierarchy is
a compound index of this sort, where all the indices are hierarchical. Each hierarchy organizes the
material based on some different aspect of the workproducts (just as the three indices of the col-
lection of poetry organize the poems based on different aspects of the poems).

The index to the dossier will be a multiple hierarchy, with one hierarchy for each planning ele-
ment that reflects the context of the workproduct in some way. In this section, we will present
what we call starter sets to show how to construct these hierarchies. The hardest part of construct-
ing a hierarchical index is often getting started; the idea behind a starter set is that, based on some
general principles governing the index, we can prepare the top few levels of the hierarchy, which
are likely to be quite similar for any dossier. As part of the knowledge acquisition planning pro-
cess, these starter sets are then modified and extended to cover the details of a particular knowl-
edge acquisition effort. For each starter set, we provide a set of questions to guide the extension
process. Some are simple yes/no questions that determine whether a particular category should be
included. Others are more open-ended questions designed to elicit further categories.

In this section, we will provide starter sets for hierarchies based on:
¢ the intended audience;
* the knowledge source; and

* the selected knowledge representation.

We have chosen this set for three reasons:

1) A great deal of information is known about these categories at planning time, allowing them
to be used for the initial structure of the dossier.

2) These elements are particularly relevant to the capture of the contextual information that is
critical for the successful use of the dossier.

3) The hierarchies corresponding to these elements are sufficiently similar from one dossier to
the next, that it is practical to provide a starter set for them.

In order to use these hierarchies to index workproducts, information about the audience, the
knowledge source, and the representation must be tracked for workproducts produced as part of
the knowledge acquisition effort. The dossier can also be used to index the artifacts used as source
materials (manuals, guidelines, etc.); however, this information will not necessarily be available
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for such artifacts. In this case, the index can offer some guidance about what information should
be gathered about a particular artifact.

As part of the TCIMS knowledge acquisition effort, a large dossier of derivative knowledge acqui-
sition workproducts was created under the name SEPWeb. After each starter set, we will illustrate
how it can be refined to form a working index of the materials in SEPWeb. Since the SEPWeb is
still in development, we do not attempt to make a report of the state of the search capabilities of
SEPWeb at any one point. The diagrams in this section are indices based on the publicly available
data in SEPWeb, and were constructed as illustrations of the principles outlined above. The exam-
ples here have been simplified from the SEPWeb and TCIMS material, both for illustrative pur-
poses, and to protect TCIMS consortium confidential information.

6.1.1 Audience

Exhibit 20 shows a starter set for an index of audience types. The top level is taken from the over-
all model of the knowledge acquisition session that has been used throughout Canvas.

In order to customize this model for your project, the following set of questions might be useful:

* Is the goal of the KA effort to provide new technology for the focus community? If so, then
there are probably one or more “Implementer” audiences in the project, as well as one or
more “User” communities in the focus audience.

* Is the goal of the KA effort to change work practice in the focus community? If so, then some
group of “Policy Makers” will be an audience for the project.

* Is the goal of the KA effort to return information to the focus community? If so, then a “Stu-
dent” community will be an audience for the project.

Audience
Investigator Focus Target
Audience Audience Audience
/ ? \ Implementer
User Policy Maker Student Audience

Exhibit 20. Starter Set based on Intended Audiences

The starter set shown here is intended to be suggestive of where boundaries between different
audience groups are often found. For example, the term “Users” in Exhibit 20 assumes (as indi-
cated in the questions listed above) that the goals of the project include providing new technology
for the focus community, and refers to practitioners in the focus community who perform activi-
ties that will make use of this new technology. These could include virtually any kind of practitio-
ners (e.g., secretaries, accountants, researchers, developers, etc.). There will often be several user
groups, possibly with further specialization relations.
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The term “Policy Makers” refers to people who make decisions about the work setting: directors,
technical advisors, and project managers are typical examples. The set of indices based on distinc-
tions made in the focus audience is likely to develop as the project proceeds, and new categories
of practitioners are identified, or new distinctions of work setting are discovered among known
groups.

Example. Exhibit 21 shows the index of audience communities in SEPWeb. In this case, the
greatest variety of communities was found within the focus community. Following the set of
questions above, we find that one goal of the project is to change the work practice in the
medical and military communities (by introducing new technologies there); therefore, these
two communities appear in the index. The questions also indicate that policy makers should
be included. In this case, the policy makers are the people who perform administration of the
clinics. Within this group, we have another level of distinction between the clinic directors
and the receptionists who keep track of the everyday business. Following the third question,
since we are interested in returning information to the medical part of the focus community,
medical students are also included.

Audience

Investigator Focus Technologist

b

Military Administration Medical
~__ D

Clinic director Receptionist Medical Student

Exhibit 21. SEPWeb Index based on Audiences

6.1.2 Knowledge Source

Exhibit 22 shows a starter set for an index based on knowledge sources. The two main categories
of knowledge source, informant and artifact, form the basis of the index. To refine these categories
further, the guiding principle is to consider types of knowledge source that are likely to shed a dif-
ferent viewpoint on some topic, and hence could be used to help someone find the resulting
knowledge acquisition workproduct, when he shares that viewpoint.

Knowledge Source

/\

Informant Artifact

books programs

Exhibit 22. Starter Set based on Knowledge Sources
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The following set of questions can help to identify informant groups with differing viewpoints.
Much of this information can also be found in the community of practice view described in
Section 4.3.1:

¢ Given one community of practice, with what other communities do its practitioners com-
monly interact? Builders and electricians are an example of communities of practice that
relate in their professional activity.

* What are some well-known conflicts between communities? Copy editors and authors are an
example of this sort of division.

* s there professional stratification within the community? Doctors and nurses are an example
of communities separated by professional class.

This starter set is quite open-ended, and can be extended with an elaborate structure, depending
on the details of the focus community. The first few steps of such an extension are shown in the
example below.

Example. Exhibit 23 shows the index of knowledge sources for the workproducts in the SEP-
Web dossier. The starter set shown in Exhibit 22 suggests that we should consider the arti-
facts that were studied as well as the informants. However, since TCIMS was primarily an
interview-based knowledge acquisition effort, there are few formal reports based upon arti-
fact studies.

On the other hand, several distinctions among informants were made, only a few of which are
shown here. The first distinction, between “medical” and “transport,” exemplifies distinct
communities that interact professionally in the TCIMS domain; in particular, medical person-
nel often have to be transported to accident sites, and to be transported with patients safely
back to a medical facility. Transportation personnel have to be able to interact with the medi-
cal personnel in order to facilitate this transfer.

Knowledge Source

/ \
Artifact Informant

Medical — \
N / Pl * ) \T hnici Transport
urse ysician echnician W

Surgeor( \GP Pilot Driver

Exhibit 23. SEPWeb Index based on Knowledge Sources

Within the medical community, the professional stratification of physicians and nurses is
recorded in the separation of nodes for those two groups. From these two groups, following
the questions above, we find the community of lab technicians, with whom both of these
commonly interact. Finally, surgeons and general practitioners are separated within physi-
cians, because of the difference in viewpoint that these two groups often have.

131




6.1.3 Knowledge Representation STARS-PA29-AC01/001/01

6.1.3 Knowledge Representation

Exhibit 24 shows a starter set for an index hierarchy of the major types of knowledge representa-
tions, as described in Section 5.6. These are based on the TCIMS/SEP repertoire; in order to cus-
tomize this to another KA effort, the index should reflect the representations in that repertoire. If,
in addition to knowledge acquisition workproducts, artifacts are to be indexed by this hierarchy,
then representations used in the artifacts should also be included here.

Representation
Scenario Task Concept Taxonomy

Exhibit 24. Starter Set based on Knowledge Representations

The knowledge representation choices identified in this hierarchy should be based on the deci-
sions made during KA planning, when the representations were matched to the audiences
(Section 4.6). The attributes mentioned in Section 5.1 can be used to select representations; they
are summarized in the set of questions below:

* Will procedural or dynamic knowledge be collected during the project? Procedural and
dynamic knowledge is usually best represented using scenario or task representations.

* Will information be available about specific situations and events? If so, it can be represented
using a scenario representation.

* Is the project interested in hierarchical classification of information? If so, the hierarchical
classification can be represented using a taxonomy representation.

* Does the focus community already use hierarchical notations? If so, then the dossier should
be organized in such a way that the different hierarchical notations will be clearly distin-
guished.

* Will there be static knowledge of the attributes and relations among entities? If so, then the
static knowledge can be represented using concept representations.

This set of questions should be extended, along with the starter set, for the representation reper-
toire being used in the knowledge acquisition effort. The following example shows how this index
has been expanded in the case of SEPWeb.

Example. Exhibit 25 shows the categories of representation notations used in the SEPWeb.
Each dossier entry is labelled with the representation used to express it. Following the set of
questions given above, since TCIMS concentrates on acquiring process information, both in
the case study form (scenarios) and general form (tasks), these two representations appear in
the SEPWeb index. In TCIMS terminology, “object representation” is the name given to a
taxonomic model. TCIMS is a large, comprehensive effort, so it includes all the types in the
starter set, along with a further type, the flow representation, for recording coordination infor-
mation among the many actors in a military medical situation.
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T

Scenario Task
Flow Object Concept
representation representation representation
Event flow Information Object Object Hierarchical Network
flow model diagram diagram model

Exhibit 25. SEPWeb Index based on Knowledge Representations

6.1.4 Topic

Although one of the most powerful methods for indexing a dossier is by topic, we have neglected
it so far in our list of starter sets. The reason for this is that, unlike the audience, knowledge
source, and representation indices, topic indices vary greatly from one dossier to the next; thus
there is little or no commonality from which we could build a starter set.

Recall that in Canvas, the word topic refers particularly to something known to the focus commu-
nity that is the focus of attention in some KA session. No matter who is consulting the dossier, it
is likely that they will have some idea of what topic they are interested in learning about. A partic-
ularly useful option for managing a dossier based on topic is to use keyword searches, since the
keyword lists can easily be updated along with the knowledge acquisition workproducts them-
selves. In a large dossier like SEPWeb, this can lead to problems when the set of keywords
becomes too large. SEPWeb solves this problem by structuring the set of keywords into three sets,
one each for the scenario representation, the task representations, and the other (flow, object, con-
cept) representations. Further structuring of the keywords is possible, and is the subject of further
research for the SEPWeb team.

In our pilot application of the Canvas planning process, we found that a hierarchical organization
of the candidate topic areas can also be useful, especially for initial baseline sessions that are
intended to provide an overview or “roadmap” of the broad area of investigation. This kind of
hierarchical breakdown of topic areas would, of course, provide an excellent basis for this facet of
the dossier index; however, the actual content of the hierarchy will be highly project-specific.

Summary

The starter sets presented in this chapter were chosen as a useful illustration of how the parts of
the multi-hierarchical index can be formed. In any particular KA effort, other hierarchies might
also be useful, based on any aspect of the planning process. For example, if the effort involves
many different types of sessions (individual interviews, group sessions, workplace observations,
etc.), then an index based on session type could be useful. If there is possibility for confusion in
the language or terminology used in the workproducts, an index of the different communities of
practice according to language (similar to the audience index discussed here) could be useful. In
short, any information about the context of the workproduct should be tracked, and can potentially
play a part in one of the indices.
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6.2 Sample Usage Scenarios

The structure of the dossier can be used in many ways to support processes involving the use of
the dossier. These range from planning the knowledge acquisition process itself, to access by end
users of the dossier. We will outline a number of scenarios, and show how they make use of the
indices outlined above. The scenarios given here are only the tip of the iceberg; many other sce-
narios are possible. All the scenarios have one thing in common — they respond to some need to
understand the workproducts in the dossier, in the context they were created or used.

6.2.1 Use in Managing the Ongoing KA Effort

The elements in the dossier can be used during the knowledge acquisition effort to manage all of
the threads. Some example uses are as follows:

® Perform a “walk-through” of a KA workproduct with a new informant (i.e., not the original
knowledge source for the workproduct). To acquire more detailed knowledge, an investigator
can show KA workproducts to another informant, and elicit commentary. To do this, he needs
to use the audience index to verify that the new expert is in the intended audience, or to han-
dle the resulting difficulties if he is not.

Example. We might want to ask nurses to review reports of procedures given by physicians,
to see what their viewpoint can bring to the picture. We can use the audience, knowledge
source, and representation indices to support this plan; we use the knowledge source index to
determine if the workproduct came from an interaction with a physician (including surgeons
and general practitioners), we use the representation index to restrict it to task representa-
tions, and finally, the audience index to make sure that we are using a diagram that was
intended for a medical audience, so that we can reasonably expect the nurses to understand it.

® Perform a comparison or correlation analysis. We might want to study several KA work-
products together to find correlations or comparisons. We can use all the indices, depending
on what we want as the common theme of the comparison.

Example. A systematic comparison of nurses’ and physicians’ views on process could yield
an interaction diagram that shows where these two communities have to negotiate some lim-
ited resource. Such a comparison would make extensive use of the knowledge source index.

* Have a new investigator interview an informant who has been interviewed before. When a
new Interviewer wants to follow up another interview, he might want to read up on the reports
that were elicited from the same informant before, either to track the informant’s changing
opinion on a topic, or to avoid eliciting the same information from the same person twice.
This usage corresponds to tracking the evolution of the project along an informant thread.

Example. A physician might have modified his view on a particular procedure after seeing
the comparison between the nurses’ and physicians’ viewpoints. Investigators pursuing fur-
ther interviews with this physician should be aware of this history. The knowledge source
index can be used to find the relevant workproducts.

* Prepare an investigator to interview a new informant. If an investigator wants to interview a
new informant, he might want to “do his homework” so that he can maximize the benefit of
the time with the informant. This could be achieved by examining other knowledge acquisi-
tion workproducts that are already available from sessions with other related knowledge
sources, such as for the work setting where the informant is a practitioner. This usage corre-
sponds to evolving the project along an investigator thread.
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Example. Suppose that a large KA project gains access to a high-profile expert to use as an
informant. She is the only known source of information about the effects of residual radiation
on military installations; however, in order to understand her theory, one needs to know a
number of details of how military installations deal with hazardous materials in general. The
planner decided to have the interviewer prepare by examining all the relevant workproducts
in the dossier.

6.2.2 Intended Use by Target Audience

The dossier could have a number of intended audiences, managed by the audience index
described above. When the dossier is used by a member of one of these audiences, it can be used
to do the following:

* Gain an overall view of some topic. In this case, the user would want to find all workproducts
on a given topic, of any representation type, intended for any audience of which he considers
himself a member.

Example. If a clinical director wants to have the big picture about blood supplies, he can use
the audience index to filter the workproducts to find those that are intended for himself as an
audience, and use the topic keyword list to find the workproducts relating to blood supplies.

* Find out what practitioners in some setting say about some topic. The user can consult the
sources index to find the workproducts that were produced by some other practitioner group.

Example. A physician interested in knowing what lab technicians have to say about data con-
fidentiality can filter using the knowledge sources index to find only those workproducts.

* Locate a specific report. All the indices can be used together to find a particular report.

Example. A system implementer is planning the specifications of a new program to be used
by the BAS surgeon. She wants to know all the interactions that the BAS surgeon has with
other agents. She begins with the BAS surgeon from the keyword list; this results in several
workproducts. Since she knows that she is interested in relationships between entities, she
can restrict her search to concept representations. She finally finds the workproduct she needs
under the network mode] of the BAS surgeon.

6.2.3 Future Spin-off Uses

By tracking the context of the workproducts in the dossier, and by recording whatever information
about the context of the artifacts used in the knowledge acquisition effort, the dossier can provide
value beyond the original stakeholders identified at the beginning of the effort. A future audience
can recover whatever information about the context that is important for their purposes.

Example. A medical student working with one of the physicians interviewed in the TCIMS
project decides that he would like to use the dossier as source material for a class. He can use
the audience index to determine which knowledge acquisition workproducts were intended
for a medical audience (since those intended for other audiences might have inaccuracies or
imprecisions that are of concern only to medical practitioners). Similarly, the knowledge
source index can help him to determine the reliability of the particular information.
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6.3 Possibilities for Automation

The usage scenarios given above suggest ways in which the dossier could be indexed, so that
knowledge acquisition workproducts can be stored and retrieved in useful ways. In order to gather
the information needed to form these indices, the knowledge acquisition sessions must keep care-
ful track of the information used in workproducts, in particular, the source of the information, the
intended audience of the write-up, the representation that is used, etc. The exact details of which
information will be included in the indices should be determined during planning of the enter-
prise, as described in Section 4.0. The KA workproducts must then be stored according to these
indices, and made available to the entire investigator team. Given that this team might well be
widely distributed geographically, this distribution is a perfect opportunity to use the capabilities
that are provided by the technology of the Internet.

The wide variety of types of information available to index the dossier provides a wide range of
opportunities for automatic support. In this section, we outline these possibilities, some of which
are already under development.

6.3.1 Web Accessibility

Many of the requirements of a knowledge acquisition dossier are similar to those found on the
World Wide Web (WWW), namely, that a large corpus of information, divided into separate
pieces, needs to be viewed in a flexible and exploratory way from geographically diverse loca-
tions. Entries in the dossier are related to one another in many different ways. This suggests that
we might use some of the technology already available on the WWW to automate the dossier.

One capability that has already been tested with SEPWeb is to provide a search engine for a set of
dossier entries, which can find an entry based upon keywords. If we associate keywords with top-
ics, this can be an effective way to find a workproduct related to a given topic. However, often a
user sees a topic mentioned in a workproduct, and would like more information about that topic.
SEPWeb already implements hypertext links for such references in text-based workproducts. For
diagrammatic workproducts, the user could return to the search engine and search for the new
topic, but far better would be a hypertext link from the original workproduct diagram to a list of
workproducts about the related topic. The problem with this approach is that it involves construct-
ing a hypertext active display for each workproduct, and linking it to its related topics. For general
diagrams, this could incur considerable expense.

This expense can be reduced by providing a set of standard representational notations, along with
web-aware tools for representing knowledge using these notations. One drawback of such an
approach is that it limits the range of notations that can be used. A far more serious drawback is
that the notations must be specified sufficiently formally that they can be automatically processed
to create the hypertext diagrams. Many representational notations (especially “sloppy” representa-
tions, as described in Section ) get much of their power from their informal flexibility. It is not
uncommon to mix natural language with an approximation to a more formal notation (such as
entity relationship diagrams or flow charts) in a single representation; requiring that the represen-
tations meet some notational standard could impair this flexibility.

6.3.2 Hypertext Organization of Indices

One way to make use of hierarchical indices such as those given in this section is to provide the
hierarchical structures in an outline form, complete with the usual outliner functionality of col-
lapsing subtrees, displaying to a particular depth, etc. Such a capability would support usage sce-
narios where the user is not certain in which category she is interested. If, for example, she was
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interested in emergency room practices, she could, by browsing under the node for medical per-

sonnel, find the nodes for nurses and lab technicians. Once a node has been found, then all of the
workproducts that are sorted under that node (e.g., all the workproducts for which nurses are the
intended audience) can be accessed directly.

6.3.3 An Automated Scenario

All of these capabilities can best be illustrated through a sample scenario that takes advantage of
all the automated capabilities discussed above. In particular, the keyword search capabilities of
the web can be combined with the hierarchical structured indices to exert fine control over the
dossier.

Example. Suppose that a system developer is interested in how the duties of a midwife are
carried out in a modern hospital. He is interested in knowing which personne] are responsible
for which duties, and what is the sequence of back-up support in the event of complications.

He begins by using the keyword filter on words such as “obstetrics,” “childbirth,” and “mater-
nity.” This filters the dossier down considerably, but there are still a large number of work-
products available. He begins by looking in the knowledge source hierarchical index under
the Medical node in Exhibit 23 and finds that there are still too many workproducts to exam-
ine sequentially. So he descends toward Physician, and finally to Surgeon, where he finds two
workproducts, one a task analysis of the Caesarean section procedure, and the other a concept
diagram of drugs for cervical dilation. A search under Nurse instead again shows too many
workproducts; however, a further keyword filter on “Caesarean” brings up a task analysis for
preparing the patient for the procedure, as well as a comment on “breech delivery”. A further
search on breech delivery under Nurse shows task analyses for procedures to turn breech
babies before delivery.

Navigation through the dossier can continue in this way, alternately using keywords and hierarchi-
cal structures to limit the number of workproducts accessed. If all capabilities are available on the
WWW, then this capacity is accessible to members of the target audience all over the world. The

WWW also provides the capability to view the KA workproducts themselves once the search has
been sufficiently limited.

6.3.4 The Reuse Library Framework

Although all the capabilities described above are available in one form or another, there does not
yet exist a comprehensive tool for supporting knowledge acquisition in Canvas. One candidate
that provides much of the necessary support is the STARS Reuse Library Framework (RLF) [53].
RLF is a framework for creating hierarchical indices of libraries of complex objects. It was
designed, as its name suggests, as an infrastructure for managing libraries of reusable software
components. RLF brings with it a semantics for hierarchical models of classes and instances;
Appendix B gives details of the hierarchical modeling language behind RLEF, as well as examples
of modeling the knowledge acquisition process itself in RLF. For the purposes of Canvas, RLF
classes correspond to the nodes in the hierarchies given in Section 6.1. The instances of the
classes correspond to the KA workproducts themselves.

The OpenRLF [50] is a set of WWW-based tools for browsing RLF models. The OpenRLF
browser has more capabilities than we will describe here, but in order to understand its application
to SEPWeb, we will outline a few of them. The OpenRLF browser presents a hierarchy in the
form of an outline, and provides familiar expand/collapse display operations on the outline. In
addition, the browser represents relationships between concepts as hyperlinks. Finally, the Open-
RLF browser organizes arbitrary URLs by listing them under particular nodes in the hierarchy.
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Dr. Jim Solderitsch at WPL Labs has developed a prototype a dossier index for SEPWeb using the
OpenRLF browser. Since RLF only allows a single hierarchy, the multiple hierarchy structure of
the dossier index is represented as a single, large hierarchy, which contains all the index hierar-
chies as sub-trees. The entries that are indexed in this dossier are just the entries publicly available
in the SEPWeb.

An OpenRLF Browser demo can be seen on the WWW at:

http://rlf.wpllabs.com/rlf-docs/rlf-browser.html.

The index described here can be viewed by selecting the model name “SEPWEB Dossier” from
the demonstration models found there. (This demonstration model was created as part of the same
SEP/ODM method integration project which produced this guidebook.)

The outlining capabilities of the OpenRLF browser complement the keyword search capabilities
already provided by the SEPWeb itself. The keywords allow a document to be accessed according
to any word that appears anywhere in it, thereby allowing very flexible access. The keyword
search, however, does not give a sense of the scope of the materials in the collection, or how they
are related. The OpenRLF index, on the other hand, restricts the ways in which a workproduct can
be looked up (since it is a single hierarchy, it restricts this even more than the multiple hierarchy
outlined here), but provides a much more complete picture of whole collection, and indeed, of dif-
ferent subsets of the collection, and how they are related.

OpenRLF already has automated support for many of the capabilities in the scenario above,
including an outliner that works on the WWW. This means that a user can examine the structure
of the dossier index, and view a page from the dossier itself as needed. Further work on OpenRLF
and related technologies includes support for model types other than hierarchies, and a wider
array of ways to view and navigate through multiple hierarchies.
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7.0 Conclusions

In this guidebook, we have presented an approach to organizing a knowledge acquisition project
that includes insights gained from the point of view of the Organization Domain Modeling
(ODM) and Scenario-based Engineering Process (SEP) methods. Many of the insights were
gained from review of a very large knowledge acquisition effort, TCIMS, which has been a source
of examples throughout the guidebook.

The guidebook has described the kinds of activities that can usefully be considered as knowledge
acquisition, as distinguished from many closely related forms of learning and knowledge transfer.
A conceptual framework has been offered that clarifies the role of various communities of practice
(focus, investigator and target communities) and basic elements of the knowledge acquisition pro-
cess (i.e., the role of investigators, informants, and artifacts in acquiring knowledge about given
topics within specific settings). These are integrated in an overall metaphor of the knowledge
acquisition “canvas” that includes multiple threads of interactions among the various elements.
The guidebook has also presented specific recommendations for planning and managing a knowl-
edge acquisition enterprise in light of these basic concepts, as well as implications for automated
support of aspects of the knowledge acquisition process.

Throughout this guidebook, certain key principles have emerged as recurring themes in both the
concepts and specific guidelines offered. This section presents our conclusions by describing
some of these key Canvas principles and their implications for extending the applicability of KA,
and proposing some areas for future research.

7.1 Canvas Key Principles

This section summarizes and recapitulates key principles that describe what it means to do knowl-
edge acquisition “according to Canvas,” and links them to their implications in the planning of a
KA effort. These principles reflect our view of “best practice” in the KA field.

* Cultural differences between communities of practice are the greatest barrier to knowledge
transmission.

In order to make sense of a complex world, people rely on simplifying assumptions that are
often difficult to articulate. Cultures grow around shared sets of these assumptions. Some of
the techniques for knowledge acquisition explored in this guidebook are adapted from social
science research, where “culture” in this sense may be interpreted quite broadly; but the tech-
niques can also be adapted to the “micro-cultures” of particular organizations, technology
development environments and work settings.

Participants in a knowledge acquisition project play an “ambassador” role in making cultural
assumptions explicit so that information can more readily flow across the boundaries of dif-
ferent communities. Awareness of the distinct communities involved, and care in mapping
terminology, etc. from one community to another, are key aspects of a systematic approach to
knowledge acquisition.

* Anyone can be a source of knowledge.

So-called “experts” are not the only people who have knowledge; everyone who accom-
plishes some task exhibits knowledge. No community or practitioner has a monopoly on
“important” knowledge. A comprehensive picture of an interaction among communities of
practice will include information from all of the communities involved, and a broad selection
of practitioners in each of those communities.
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* Bias is unavoidable, but its effects can be managed.

As human beings try to make sense of their world, they take advantage of patterns found in
their experience. While this makes the flood of information in the world intelligible, it also
means that one’s interpretation of the world depends on one’s own background. Through sys-
tematic tracking of exposure to information, bias in a knowledge acquisition project can be
controlled. This requires careful planning and record keeping of the activities of each actor in
the knowledge acquisition team.

* Variability is an integral part of knowledge.

People will disagree on almost any topic. Some disagreements are the result of one person
being misinformed, but the most interesting disagreement comes from difference in back-
ground, interests, or viewpoint.

It is easy to adopt strategies that minimize variability in KA, but in so doing we may lose a
rich source of data. Differences need not be ironed over in collecting a repository of know]-
edge; the differences themselves are part of the rich, cultural web of the knowledge. For some
purposes, such as domain engineering, variability is an essential aspect of the data to be gath-
ered. A number of representational notations can express this variability, leaving the audience
to decide which variant is appropriate to any situation.

* The process of eliciting knowledge intervenes in the studied setting.

The knowledge acquisition process will cause people to think about their work in a different
way, and to make new connections to other workers. The mere act of reflecting on their work
or meeting with other people will cause change in the focus community. The knowledge
acquisition practitioner can use this insight as a way to create maximum value from the
acquisition process itself. Intervention, properly controlled, can be an instrument for improv-
ing work practice.

* Representation is key to managing knowledge acquisition.

The knowledge acquisition process is not complete until the knowledge is written down. This
process of distillation and translation can present great challenges for the investigator. Repre-
sentations should be chosen carefully based on the communities where they will be used, and
by the individuals who will verify their content. Representations have inherent bias. Some
can accommodate variability, while others cannot. Representations are a record that can have
value in the studied setting.

For some readers, these principles may seem to be obvious statements of common sense, too plain
to merit mention. Experience demonstrates that considerable skill and care is required to apply
these principles systematically on a knowledge acquisition project. Some readers may be daunted
by the amount of effort required to systematically consider these principles in KA. We believe that
simple awareness of some of the principles can improve practice; and that more systematic appli-
cation will be essential to any KA effort of significant size. To other readers, these principles
might challenge assumptions they consider incontrovertible or self-evident. We believe they are
essential principles to acknowledge in order to make consistent and dependable use of knowledge
acquisition results, and to better understand the potential value of those results.

140




STARS-PA29-AC01/001/01 7.2 Future Research

7.2 Future Research

We conclude by giving a few ideas of directions for further research that would aid the knowledge
acquisition process. Some other ideas along these lines, particularly focused on supporting tech-
nology development, have already been discussed in Section 6.3.

7.2.1 Presenting Knowledge to Various Audiences

Given the central role that representations play in the knowledge acquisition process, much future
work that we propose in this area focuses on presentation and translation of representations. Rep-
resentations of knowledge in Canvas are typically produced by an investigator, but they must be
read by other people, including the informants from which the knowledge is elicited and the target
audience for whom the knowledge is intended. This means that there is a need for careful study of
how representations can be presented to various audiences in such a way that the audiences will
not misconstrue the representations’ content.

A clear example of this problem is the situation with taxonomies mentioned in Section 5.6.4;
many communities use taxonomic-style diagrams for many purposes. If we want to present a tax-
onomy to someone in one of these communities, we need to make certain that we do not collide
with any use of similar diagrams with which practitioners are already familiar. This requires a
careful study of how people understand representations, including analysis of psychological as
well as cultural aspects. Furthermore, some notations have a tight semantics, for which technical
training is needed in order to understand the semantics. Some communities might be willing to
make the investment to undergo this training (in much the way that psychologists have adopted
the study of statistics into their practice), while others might not. At the very least, notations with
clear semantic descriptions, as well as automated support, could form the basis for such adoption
by a community of practice.

Another issue when presenting a representation to some audience is the cognitive load that the
representation places on its viewer. Again using taxonomies as an example, simple trees can be
presented a few dozen nodes at a time using presentations such as outliners and tree browsers.
Interactive support for such structures allows a user to manage several dozen such objects. On the
other hand, if a tree includes more detailed structure (e.g., semantically laden linkages between
the nodes, or attributes of the nodes), then the basic outliner and tree browsers lose their effective-
ness. The RLF diagrams shown in Appendix B demonstrate the difficulties of showing several
interconnected nodes in a semantic net, and a simple solution that was effective in this case.

Future research on these issues would include study of how practitioners from different communi-
ties understand various representations. The research could also include experimental work in the
spirit of psychological investigation about how well subjects can cope with information, as well as
cultural studies of ways in which similar representations are understood in different communities.

7.2.2 Translation Between Representations

One of the constraints on representations in a knowledge acquisition context is that they typically
have to serve two masters; first, they have to be understandable to someone who is in a position to
verify the correctness of the knowledge represented, and second, they have to be understandable
to someone in the target community, which is often more technically oriented. This problem can-
not simply be ignored by training one community to understand the notations of the other; many
notations are quite technical and require expertise to use properly. Because of the possibility for
misunderstanding, poorly formed representations can be more dangerous to cross-community
communication than having no representations at all.
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One solution to this problem is to let the investigator community play the bridging role by per-
forming translations by hand. The investigators can work with knowledge sources in representa-
tions that are familiar to the source community, verifying the information represented. Then they
can translate this information into a form that is understandable by the target community. It is then
up to the investigators to make certain that the information is faithfully transferred from one repre-
sentation to another.

Tools could facilitate this endeavor. If all notations involved have a formal semantics, it would be
possible to prove whether one representation has the same content as the old. The translation
could even be automated; given the semantics of both notations, representations in the source
notation could be used to automatically generate representations in the target notation. A problem
with this approach is that often the power of a representation lies in the informality of its notation,
which leaves certain things unspecified or ambiguous. Translations between informal notations, or
from an informal to a formal notation are problematic. Providing tools to support such translations
in the context of knowledge acquisition would be a great boon to project planning.

In some collaborative settings, the investigator provides the tools for representing the informant’s
knowledge in the form of a computer program. In this case, the expert constructs his own models
with the help of the program. The Repertory Grid method [36] provides extensive model visual-
ization tools, allowing the expert to input and manipulate his own models. An extreme version of
this in the context of expert system construction is reported by Welbank [58], in which the expert
learns to program a rule-based system, and maintains the rule models of the expertise himself.
This can raise problems in practice if the size of the rule base grows beyond the expert’s patience
to maintain it, but there is no barrier in principle to having an expert learn how to construct even
very sophisticated models. Our long-term goal is supporting technology that allows a flexible
choice of representations for KA, ability to transform models among these representations, and a
support for many different collaborative modes of knowledge capture, exchange, and creation.

7.3 Final Thoughts

A primary reference point for Canvas is the role of KA in building better software systems. What
level of maturity is needed to do this well? We believe that collaborative KA is an appropriate par-
adigm for this kind of KA situation. When software developers and end-users are both viewed as
potential informants, the assumption that informants cannot themselves do reflective, taxonomic
or knowledge-creating activity breaks down. Software technology artifacts (systems and the other
workproducts used in creating them) lose their status as “received wisdom™ and can be viewed as
cultural artifacts, reflecting embedded views and assumptions and amenable to revision.

We have tried to demonstrate that knowledge acquisition involves a coordinated set of cognitive
and interpersonal skills that are as valid an area of specialty as technology expertise. Knowledge
acquisition is, in some sense, the fundamental intellectual activity of a social creature, gaining
knowledge from its fellows. The process of acquiring knowledge has an intrinsic value that usu-
ally goes beyond the value initially anticipated.

Availability of such expertise can add value to a technology development project, but may need to
be managed in distinct ways. There is nothing inherent in the training of technologists that make
them particularly capable at this set of skills. Thus “drafting” technologists to play this role with-
out special training or acknowledgment of the separate processes required may not yield the ben-
efits of systematic KA. The requisite skills also challenge some assumptions of traditional
knowledge acquisition researchers. Ideally, the Canvas investigator would approach KA as an
opportunity to facilitate knowledge creation and sharing between technologists’ and end-users’
communities, potentially transforming the technology development process itself as a result.
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Appendix A: Canvas as ODM Supporting Method

Although Canvas does not assume a domain engineering context, it directly supports knowledge
acquisition as part of the ODM domain engineering life cycle. In theory, Canvas could also be
applied to other domain engineering methods and approaches. However, one distinction of ODM
is its modular structure: it provides a core process model that can be integrated with a set of sup-
porting methods, of which knowledge acquisition techniques are one of the most central areas
required. A Canvas-based approach to KA planning can therefore be readily integrated into an
ODM project.

In addition, many core concepts incorporated in Canvas are directly transferred from their use in
ODM, so the approaches are particularly compatible at both the conceptual and process levels.
Although Canvas focuses on KA planning aspects more than detailed elicitation techniques (e.g.,
interviewing protocols), this planning framework is the most important element needed to incor-
porate such techniques into the ODM life cycle.

This appendix discusses Canvas as an ODM supporting method. Section A.1 describes the major
common concepts that facilitate an integrated ODM/Canvas approach to KA for domain engineer-
ing. Section A.2 gives an overview of the ODM domain engineering life cycle, and discusses the
specific interfaces between the ODM process and the planning process encompassed by Canvas.
Section A.3 presents some further guidelines to consider in carrying out Canvas-style KA plan-
ning within the ODM context. The material does not assume familiarity with ODM, but also can-
not provide a thorough introduction here. Readers are referred to the extensive documentation on
the method in [49].

A.1 ODM and Canvas: Common Concepts

A number of the concepts introduced in this guidebook derive from or are in accord with the
ODM perspective. These include emphasis on the following points:

* Grounding the project in an explicit analysis of the various stakeholder issues involved, the
“organization context”;

* Formal definition and scoping of the domain as part of planning

* Context recovery as an essential process in utilizing system artifacts as data, and allowing for
the effects of bias;

* Systematic approach to gathering data with respect to ranges of variability in work practice
and system function in different settings; and

* Recognition that domain engineering (and KA) are interventions in the organizational sys-
tems in which they are performed.

Stakeholders

ODM reflects the idea that domains are socially defined agreements about an “intended scope of
applicability.” Domains are always grounded in some “organization context,” a community of
interest that can take many different forms, such as a company or division, a consortium of multi-
ple organizations or a standards organization. Stakeholder issues, always a potential problem in
any project, are critical risk factors in domain engineering, which by definition involves designing
for multiple contexts of use.
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ODM begins with systematic exploration of stakeholder interests to guide selection, scoping and
definition of domains strategically aligned with the business interests for the organization(s). This
stakeholder context provides further grounding throughout the subsequent phases of the process.
The domain engineer examines a wide network of stakeholders and situates his or her own inter-
ests within that network. This is important for insightful and accurate data analysis and interpreta-
tion that captures how the players and their perspectives are situated socially by their context.
Canvas extends this stakeholder analysis in more detail to the knowledge acquisition phase, con-
sidering the stakeholder interests informants in the focus community and the shifting stakes of the
domain engineering team as they take on a KA investigator role. Canvas specifically draws its
informants from various stakeholder groups, and different kinds of practitioners in those groups.

Domains

One of ODM’s primary contributions as a domain engineering method has been focus on the pro-
cess and method challenges in defining and scoping domains. In initiating a Canvas-based KA
enterprise in the ODM context, this domain definition would provide the initial organizing basis
for selecting the topics of interest. The ODM notion of domain could be applied in the Canvas set-
ting to set clearer boundaries around and distinction between topics, even outside of a formal
domain engineering context. It is important to note that, in ODM terms, the very process of defin-
ing the domain can be an organizational intervention, since the domain boundaries may or may
not be familiar to practitioners as a conventional way of dividing up the functional concerns of the
system(s) under investigation. When KA is to be performed for such a narrow domain, particular
care must be taken in filtering the data and working with the conceptual terms of the informants.

When using KA as a kind of pre-requirements analysis for system building, there is a danger of
lack of focus. To some extent all work practice taking place in the examined settings may appear
to be relevant for knowledge acquisition. Though technologists intending to build systems are the
primary audience for the KA materials, it may be difficult to know how to filter the materials
acquired to give the technologists only the relevant data. There may be an indistinct notion of
what technology is intended to be introduced. There may be only weak correlations between tech-
nology specifications and the work practices that must be studied in order to assess the viability of
the technology. Particularly for innovative technology, it may be very difficult to get end users to
provide data about system capabilities which they have not yet used or even seen.

The implication is that technology development goals form poor mechanisms for bounding and
scoping knowledge acquisition. Investigators are likely to set themselves the goal of describing
complete scenarios of work practice within the settings, with the aim of getting the data first and
deciding on relevance later.

Context Recovery

One of the primary purposes of domain modeling according to ODM is context recovery, which is
the process of identifying and making explicit the assumptions embedded within software arti-
facts. These assumptions come from the cultural context in which the artifacts are developed and
used. This means that domain modeling in ODM bears considerable similarity to cross-cultural
investigation of the sort found in ethnographic studies. However, because of the particular con-
straints of domain modeling for software, knowledge acquisition for ODM imposes some general
requirements that go beyond standard practice and general principles and skills of ethnography.

ODM shares with traditional ethnography an attention to the effects of bias on the information

gathered from the culture to be studied. On the other hand, the ODM approach recognizes a wider
range of stakeholders than many other ethnographic endeavors. Whereas any ethnographer tries to
impose little on the culture and to be aware of the politics of “us” and “them,” little work has been
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done in ethnographic research equivalent to what the management and consulting world would
call alliance forming and management, consultant-client contracting, or stakeholder analysis.
Canvas provides support for the traditional ethnographic needs of ODM by recognizing knowl-
edge acquisition as a process of communicating between work cultures. Canvas also provides for
more than a simple two-player (“us and them” or developer/user) model of stakeholder groups
and communities of practice involved in KA. This could be applied more broadly to the entire
domain engineering life cycle thus enabling a consistent and integrated approach.

Variability

The ODM approach is centered much more on the study of variability than is common in ethno-
graphic studies. Since the result of a domain modeling project according to ODM is an asset base
that can be used by many stakeholders in many contexts, the variability inherent in the domain
must be elicited, maintained and managed throughout the ODM lifecycle. Canvas specifically pro-
vides support for eliciting and representing variability.

Intervention

ODM views the overall domain engineering life cycle as an intervention in the various stake-
holder organizations involved, and includes within its knowledge acquisition guidelines a cycle of
elicitation and representation that accounts for iterative and ongoing feedback of information to
the informant. The Canvas model of knowledge acquisition as intervention fits well into this pat-
tern, by recognizing the effects that the process of knowledge acquisition itself can have an impact
on the focus community.

A.2 Interface between ODM and Canvas

The core ODM process is structured into three main phases: Plan Domain, Model Domain, and
Engineer Asset Base. ODM phases are iteratively decomposed into sub-phases and tasks; each
task in turn is documented via sequences of or alternative activities and a structured set of work
products that integrate information gathered throughout the entire process. Major results of each
phase—domain definition, domain model, and asset base—are targeted to provide direct benefit to
the project stakeholders, as well as to provide a systematic starting point for the next phase.

Information Acquisition techniques are a major supporting method area within ODM, which fit
into the overall ODM process within the sub-phase called Acquire Domain Information. Informa-
tion is gathered throughout the process; but within this sub-phase systematic data-gathering
becomes essential. Exhibit 26 shows the task structure of the ODM process, and where the
Acquire Domain Information sub-phase is located.

The scope of Canvas is broad enough to allow its use as a supporting method of ODM for the Plan
Data Acquisition task within the Acquire Domain Information sub-phase. Within the core ODM
method, the Plan Data Acquisition task involves several key activities:

* Selecting a representative set of systems to study to produce the domain model;
* Selecting the settings that will be studied for each representative system;

* Selecting the information sources that will be consulted for each representative system and
setting. Consultation of sources could include interviewing human informants, observing
domain-related processes, or analyzing artifacts;

® Characterizing biases of investigators.
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Exhibit 26. Canvas as a Supporting Method of ODM

Canvas offers guidance to support each of these activities, though it does not provide a formal pro-
cess model for the KA planning process at the level of the ODM process model. This sub-section
will describes how to integrate a Canvas approach as a supporting method for the ODM Plan Data
Acquisition task.

Knowledge acquisition goals (required as part of the planning process) will be shaped in large part
by the fact that the KA enterprise supports a domain engineering project. This means, for exam-
ple, that management and documentation of variability will be an essential part of the process. It
also means that, for domain engineering projects in software-intensive domains, KA techniques
specifically addressing technology-intensive settings will be required.

Canvas provides several points at which knowledge sources to be consulted are determined
(Section 4.5). These selections are based primarily on properties of the information source,
including issues of currency and accessibility. In ODM, there is another chance to scope the set of
knowledge sources to be studied. As part of the Plan Domain phase of ODM, stakeholder issues
are used to determine what belongs in the domain and hence, what is a candidate for being
selected for study during knowledge acquisition. This means that when performing Canvas as part
of an ODM project, there is more guidance for deciding what will be studied and what will not.

When invoked in the ODM context, Canvas KA planning has a number of ODM workproducts

and data items available as controls and inputs that can support the planning process. These are
described below. A full description of these workproducts and data items, their content and devel-
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opment can be found in the ODM Guidebook V2.0 [49]. In this section, we will follow the con-
ventions of that guidebook by printing workproducts in SMALL CAPITALS. Relevant points of
interest are discussed in the context of each potential link between the overall ODM project and
the KA enterprise planning process.

ODM Controls to Canvas

The ]following workproducts and data items constitute controls on the Plan Data Acquisition
task":

* PROJECT OBJECTIVES. In addition to the general KA goals established due to the domain
engineering nature of the project, the specific objectives of the project will have direct impact
on the KA enterprise goals. For example, a domain engineering project may be initiated to
capture veteran expertise in application development. In this case, the dossier created by Can-
vas (called the DOMAIN DOSSIER in ODM) will be of direct use to the organization as codified
documentation of expertise. If PROJECT OBIJECTIVES include the discovery of innovative fea-
tures that might provide competitive advantage to a software product line, then direct obser-
vation of end-users interacting with legacy systems might take place, to elicit opportunities
for new features.

* PROJECT CONSTRAINTS. These constraints can include budget, schedule, access constraints as
well as constraints such as use of proprietary data.

Up-front acknowledgment of and planning within constraints is part of any systematic KA
process. In general, it is very easy to spend too much time gathering data. Without a budget
and plan that shows how much information can actually be used, it is easy to expend scarce
resources collecting data that will not be able to be effectively utilized in modeling. Similarly,
it is easy to base an initial plan on the assumption that access to some key informants will be
forthcoming, only to find that such access is extremely difficult to obtain in reality.

Constraints are particularly relevant in the domain engineering context. Data is generally
being collected from multiple exemplars, which means that the focus of data collection and
level of detail become essential controls, since an error in gathering too much data may be
repeated on multiple systems.

* DOMAIN DEFINITION. In ODM domain engineering, the DOMAIN DEFINITION provides a tight
focus for data acquisition, circumscribing both a specific set of exemplar systems that are
included in the domain, and a specific focus area within the overall functionality of systems
in the domain. This is one advantage of using Canvas in the ODM context as opposed to
within a general system engineering context.

This does not mean that in a given interview only domain-relevant data will be collected.
Informants may not have access to or understanding of the concept of the domain boundary
(as refined in the earlier Define Domain sub-phase of ODM) as a basis for discourse or focus-
ing attention. Information must be acquired in chunks and sequences that the informants find
workable, and subsequently filtered. Yet the DOMAIN DEFINITION can still help investigators
to steer inquiry in more focused directions and to rapidly filter the data acquired to extract
domain-relevant material, while the session is still comparatively fresh in their experience.

I The term controls here is a technical term from the IDEF process definition method used in documenting
ODM, and described in and [41]; the STARS approach to process definition is described in [21].
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ODM Inputs to Canvas

The following ODM workproducts and data items serve as inputs to the KA planning processes
addressed in Canvas:

®* DOMAIN STAKEHOLDER MODEL, STAKEHOLDER DOSSIER

The DOMAIN STAKEHOLDER MODEL and the STAKEHOLDER DOSSIER contain information
about the stakeholders for the domain engineering project. The dossier includes all informa-
tion gathered about stakeholders and their positions, and can include such items as company
prospectus, commercialization plan, interview notes with key personnel, etc. The model
includes the relationships among the stakeholders and their roles in the project. This informa-
tion is not only needed to determine what information will be gathered; it is also a primary
source of information for finding informants willing and able to participate in the knowledge
acquisition project.

¢ DOMAIN STAKEHOLDER KNOWLEDGE

This data item refers to all information that is available from stakeholders. For the purposes
of knowledge acquisition, it is the stakeholders who are chosen as informants who are of
interest; the domain stakeholder knowledge then refers to informant knowledge. Access to
this information is gained in Canvas mainly through interviews.

¢ EXEMPLAR SYSTEM ARTIFACTS, DOMAIN ARTIFACTS

The other main source of information in Canvas is artifacts that are examined. ODM divides
artifacts into two categories. EXEMPLAR SYSTEM ARTIFACTS are documents, notes, code frag-
ments, executable systems, etc. pertaining to a single software system to be studied. DOMAIN
ARTIFACTS are any materials pertaining to the domain, that are not related to one specific sys-
tem. Examples of such artifacts are survey articles, comparative “consumer’s reports” style
charts, or even models created by previous domain engineering efforts. The Canvas frame-
work allows for both of these types of information.

Canvas Outputs to ODM

The following Canvas results contribute to ODM workproducts derived from the Acquire domain
information sub-phase:

* KA enterprise objectives called out in this document in Section 4.3.3 correspond closely to
the “data acquisition goals” created as part of the DATA ACQUISITION PLAN in ODM. These
should be aligned closely to the overall PROJECT OBJECTIVES.

® The list of elements selected in Section 4.5 constitute the REPRESENTATIVE SYSTEMS SELEC-
TION in ODM. The criteria used in Canvas for selecting these representative systems draws
upon information available in the STAKEHOLDER DOSSIER and the DOMAIN STAKEHOLDER
MODEL. What constitutes a “representative system” in the ODM context is typically a single
software application; but the relevant settings to study for that system could include both the
developers’ and users’ communities. So selection of communities of practice, settings, arti-
facts and informants will, in the ODM context, be constrained by selecting the overall set of
representative systems to study.

* The structure for the dossier that is determine in Section 4.7 is the “bootstrap” for the
DOMAIN DOSSIER that is built and maintained throughout the Acquire domain information
sub-phase in ODM.
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A.3 Guidelines for Integrating Canvas and ODM

Although Canvas fits very well with a domain engineering project using ODM, Canvas does not
assume application in a domain engineering context. When we know that Canvas is being used in
an ODM context, we can be more specific about guidelines for certain activities. Other activities
can be de-emphasized, because the ODM context provides some information that might not other-
wise be available. On some occasions, both ODM and Canvas cover similar territory, and the
combination allows for choice of whether a particular decision should be made as part of Canvas
or as part of ODM.

When Canvas is performed in an ODM setting, the subsequent ODM Model Domain sub-phase
creates a model from the knowledge in the dossier. This means certain modeling activities need
not be performed as part of knowledge acquisition, but can be left for the domain modeling stage
of ODM. However, depending on the choice of representational notation, the initial representation
and codification of knowledge in Canvas could be similar to domain modeling process as under-
stood in ODM.

In these cases, there are two complementary ways to view the interaction of the two processes:

1) The entire ODM Model Domain sub-phase (encompassing planning, data gathering and inte-
gration of data, modeling and interpretation) can take place in the course of collaborative
knowledge creation with informants in the focus community.

2) Alternatively, from the Canvas perspective, the team who will be doing the domain modeling
(as distinct from the KA or investigator staff) can be viewed as the immediate audience or tar-
get community for the knowledge acquired. This team might be the same team who is doing
the knowledge acquisition, or might be another group. In any case, the set of representational
notations with which the team is familiar will include some modeling notations, and it can be
assumed that the audience is “model savvy”.

The level at which planners view the unfolding of the knowledge gathering, interpretation and
integration cycle, or the broader ODM cycle of descriptive modeling, interpretive and innovative
modeling, must be determined uniquely for each project as part of the planning process. Similarly,
where knowledge acquisition leaves off and modeling or implementation of reusable assets begins
is not a hard and fast line. In fact, since the dossier may be used directly by the focus community
as a source for codified expertise, it can be viewed as an asset in its own right. In that view the
Canvas and ODM processes converge much more closely.

Representation versus modeling

In Canvas, the representation of knowledge plays a key role in the process, since it is through rep-
resentation that knowledge is made available for verification by the focus community, or trans-
ferred to the target community. The extent to which modeling must be done depends on the
characteristics and requirements of the target community; the target community might require
complete, semantically sound models in the dossier.

Variability management

Closely related to the previous point is the handling of variability in ODM vs. Canvas. The act of
making comparisons and determining just what parts of the knowledge represent commonality
and what parts represent variability is a demanding task. Since the Canvas approach stresses that
variability be handled as part of the knowledge acquisition effort, when Canvas is performed on
its own, an explicit representation of variability will have to be included in the dossier.
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When Canvas is performed as part of an ODM domain modeling project, there is a systematic pro-
cess in which variability will be modeled. This does not mean that KA practitioners using Canvas
in an ODM setting can just forget about variability! Treatment of variability during knowledge
acquisition in Canvas includes realizing that the knowledge represented need not conform to some
common agreement among diverse sources. When Canvas is performed in an ODM context, the
varying viewpoints must still be collected; only detailed modeling of which information repre-
sents differences and which represents commonalities can be delayed until the later ODM
Describe domain sub-phase.
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Appendix B: Representing the KA Process

The production of Canvas from information that was previously only available to the ODM and
SEP teams individually involved a process of knowledge acquisition itself. Along the way, we
used our own tools to help us to keep track of the material we were collecting. In particular, we
used RLF, a hierarchical modeling notation often used in conjunction with ODM, to represent the
relationship among the terms in the lexicon and in the definition of knowledge acquisition accord-
ing to Canvas. We also produced an interaction diagram, similar to the ones common in SEP, to
describe how the various elements interact.

This section presents the fundamental concepts used in Canvas, modeled primarily using a subset
of KNET [12] representations. KNET provided the basis for the underlying semantic network rep-
resentation of the STARS Reuse Library Framework (RLF) ([53], [54]) which was subsequently
evolved into the OpenRLF system (as described in [50]). The OpenRLF toolset was used for the
example index into the SEPWeb on-line dossier described in Section 6.0. However, the examples
in this section do not correspond to the implemented indices: the graphical notation here is not
equivalent to that used in the tool interface; not all capabilities implied by the modeling approach
taken here are incorporated in the existing tool.

This section can be used in conjunction with Appendix C: “Canvas Lexicon” to gain an under-
standing of how these concepts are used in Canvas. The hierarchical aspects of KNET have been
used to show the inclusion (is-a) relationships of the various terms to one another, while the rela-
tionships of KNET have been used to show other relationships. In this appendix, we use a small
subset of the full features of KNET. However, the models provided here are still example frag-
ments rather than a complete formal semantics for the terminology used in Canvas, a task well
beyond our scope here. In fact, an important point of the examples is that there are alternative,
legitimate ways of modeling the same data; this will be expanded on in Section B.3.

B.1 Fundamentals of KNET

KNET was derived from knowledge representation languages like KL-ONE. For readers already
familiar with KL-ONE style languages, a few of the features of KNET may not be familiar; how-
ever, these are more advanced semantic features which we will not use in the examples in this sec-
tion. For readers unfamiliar with these types of languages, the following description can be used
as a brief primer to understand this appendix.

In KNET, the principal entities are categories, relationships and instances or individuals. A cate-
gory models a class of things, such as the class of all learning interactions or the class of all
Knowledge Acquisition Sessions. A relationship describes the structure and properties of catego-
ries. This appendix does not make use of KNET instances.

Categories in KNET are organized into a specialization hierarchy. A category C1 specializes
another category C if C1 represents a subset of the class described by C. This means that the most
general category appears at the top of the hierarchy with more specific categories below it and the
most specific categories at the very bottom. For example, in Canvas, Interaction and Study are two
kinds of Knowledge Acquisition Session. In the diagrams within this appendix, specialization is
shown by a straight bold arrow from the specific category to the more general.

Relationships in KNET describe the structure and properties of categories. For example, a Knowl-
edge Acquisition Session is performed by an Investigator and produces a Workproduct. Such qual-
ities are represented in KNET by associating relationships with a category. For example,
Knowledge Acquisition Session includes relationships for “performed_by” and “produces”. In
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this appendix, relationships are shown as a thin broken arrow from one category to another. The
break is annotated with the name of the relationship. (In standard KNET, relationships are anno-
tated with ranges indicating maximum and minimum number of instances that can fill the rela-
tionship; these are not used in this appendix.)

Relationship differentiation allows a relationship to be described in a more detailed way than is
possible with a single relationship. Differentiation can thought of as specialization of relation-
ships and is denoted with dashed arrows between the “elbows” in two broken lines. For example,
a session has as its knowledge source any number of authorities; authorities who are practitioners
in the focus community are known as informants, while documents and other materials from the
focus work setting used as “provenance” or a basis for authority are known as artifacts. This cap-
tures the notion that “artifact” and “informant” are stances that one takes toward workproducts
and focus practitioners respectively, and that these stances are just two special cases of the stance
of using any authority as a “knowledge source.”

Use of the KNET Model of Knowledge Acquisition

We provide a KNET model of knowledge acquisition terms for three different reasons. It is not
necessary to understand the subtleties of KNET to obtain all of these benefits.

1)  The specialization hierarchies help to clarify relations between terms.

The definitions of terminology given in the lexicon (Appendix C) make heavy use of other
terms. Many of the relationships between terms are captured in the hierarchy structures of the
KNET diagrams.We encourage the reader to flip back and forth from the lexicon to this
appendix to see how the terms relate.

2) The relationship networks serve as a summary of the structure of the KA process.

Many subtleties, such as the fact that a KA workproduct has a particular audience, which is a
community of practice, are explained in the text. Once these explanations have been
absorbed, the relationships in the KNET diagrams are a concise way to record and present
this information.

3) The model can be used as a “starter set” for a dossier of KA workproducts.

Any aspect of the planning process could be used to index the dossier. The most likely parts
of the KNET model to be used as an index are the categorizations of audiences and the types
of representation.

B.2 KNET Model of Knowledge Acquisition

The KNET diagram for the entire knowledge acquisition process is too complex to display in a
single display; we have therefore broken it into three pieces. Each piece can be considered a view
into the common model, focused on a single category. All specializations of that category are
shown, as well as all relations defined for the focus category or any of its specializations (i.e., any
relation arrows that lead away from the category of focus or its specializations). Any category that
must be shown in order to display these relations is also shown. There is no guarantee that special-
ization hierarchies for non-focus categories are complete as shown. In order to find complete spe-
cializations for a non-focus category, it is necessary to look in the diagram where that category, or
one of its generalizations, is the focus.
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Exhibit 27. Relationships Centered around the KA Session

Exhibit 27 shows the KNET diagram for the knowledge acquisition session itself. A knowledge
acquisition session is performed by an investigator, has a knowledge source that is an authority
(about some topic, not shown), and produces a workproduct. In the case where the knowledge
source is a human being, the session is called an interaction. When the knowledge source is a
workproduct, the session is a study. Artifacts and informants are differentiated forms of knowl-
edge sources. When describing a session, we typically refer to informants, investigators and
knowledge sources, rather than focus practitioners, workproducts and authorities because we are
interested in their roles in the session. That is, the status of being an “artifact” is a relationship
rather than a fixed attribute of a workproduct.

Exhibit 28 shows the KNET diagram for the practitioners involved with the knowledge acquisi-
tion effort. A practitioner is a member of some community of practice. The two specializations of
practitioner, focus practitioners and investigators, are members of the focus community and inves-
tigator community respectively. When the meaning is clear from the context, we often refer to
focus practitioners simply as practitioners.

Exhibit 29 shows the KNET diagram for the community of practice. In Canvas, we are interested
in three kinds of communities: an investigator community, a focus community, and a target com-
munity. At a lower level of detail, every workproduct has an audience that can be characterized in
terms of some community, and the members of each community practice in some work settings.

B.3 Alternative Representations

KNET is an example of one style of taxonomic notation, as described in Section 5.6.4. In this
appendix, we have used a subset of KNET (i.e., without cardinality or restriction of cardinality,
and leaving out different types of differentiation) as a display mechanism. In order to make the
diagrams legible, we have added some extra parameters, as described in Section B.2, to control
the display. By using selectiveness, multiple displays, subsets of semantics, and similar tech-
niques a tailored representation and notation was created to suit a specific intended audience.
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Exhibit 28. Relationships Centered around Practitioners
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Investigator Focus
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Target
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Exhibit 29. Relationships Centered around Community of Practice

The result is a notation that could be used for a knowledge acquisition workproduct. Here, the
topic of the workproduct is the knowledge acquisition process itself. A different representation of
much the same material can be found in Appendix C in another notation, that of a lexicon.

As yet another alternative view, Exhibit 30 presents a top-level view of the interactions of Canvas
represented in a SEP interaction diagram, a variation on the Petri net. The primary distinction
between interaction diagrams and classical petri nets is that objects (items represented in ovals)
may retain their identify through transitions (rectangles). Transitions are places where objects are
created, destroyed, modified, change state, or interact with one another. The iterative nature of the
interactions is evident.

As represented in Exhibit 30, sessions conducted by the investigator(s) produce work products
using as input artifacts from the domain and/or the information provided by interviews and/or
observations involving informants from the domain. Some artifacts are carried over from prior
work in ODM (i.e., legacy systems, design specifications, user manuals, and other documents.)
Other artifacts are derived from prior work in SEP, such as representative scenarios, concepts, and
task decompositions. Transfer is the process that models the incorporation of Canvas work prod-
ucts into the understanding of the domain by the audience
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Exhibit 30. Interaction Diagram for a Knowledge Acquisition Session

The completion of the feedback loop for investigators provides for iterative improvement of the

domain context held as corporate knowledge by the investigator community. The production of

the KA workproduct, and the context of the setting itself, can intervene on the informant’s work
practice, either individually, by clarifying his own understanding of his field, or as a community,
by fostering connections that had not otherwise been made.

Epilogue: Using KNET as a Knowledge Acquisition Tool

The audience of these workproducts is you, the reader of this guidebook. However, there might be
other interested parties who will become an audience for the dossier. In this case, the authors of
this guidebook were an audience for the diagrams. As is often the case, we began examining the
diagrams as a way of validating the information we were gathering. As time went on, however, we
began to use them as a reference for our own work while writing and revising the guidebook.

Each notation brings with it certain views on the information that others do not. For example, in
Exhibit 27, we needed to find a name for the category of entities that could serve as knowledge
sources. The two known specializations of this new category (focus practitioner and workproduct)
had stories to be told about them in their own rights (as the subject of two of the threads in the
Canvas.) However, the new category had not played a role in the Canvas exposition so far (and did
not appear in the lexicon). The formal constraints on the KNET diagrams forced us find a name.
This process revealed any number of stakeholder issues that had not been evident before (such as
why “knowledge source” had to be a relation, not a category; which category the name practitio-
ner should refer to, etc.) These issues, in turn, were fed back into the rest of the writing of this
guidebook. This is a direct illustration of many of the core concepts discussed in this guidebook
concerning both the strengths and inherent biases of any representation.
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Appendix C: Canvas Lexicon

Lexicon Conventions

This lexicon defines terms used in the document. Within the main body of the document, these
terms when first referenced in any given section appear in bold italic type. In later references
within the same section they will generally appear in regular type, but may occasionally be
repeated in bold italic type. Within the lexicon itself, the defined term is listed, for readability, in
bold regular type on a single line.

Three types of terms are included in the lexicon:

* General descriptive terms for concepts essential to Canvas. We have tried to include only
terms that are used with special meaning in the Canvas context. Some of these terms are used
frequently in other disciplinary contexts (e.g., “informant” has typical conventions of usage
in social scientific research) or general usage (e.g., “audience”). These terms are used in a
specific technical sense in Canvas, i.e., to serve as an umbrella for several more specific
terms, or to make key distinctions that would otherwise be difficult to convey.

If you see a familiar term in bold italic in the main text of the document, make sure you are
clear about the specific meaning it has in the Canvas context. For example, the term interac-
tion is used here as a technical term for a person-to-person encounter between an investigator
and an informant, in contrast to a study which involves and investigator and an inanimate
source of information like a document. Terms introduced in the text may be in singular or
plural form, depending on context, but entries in the lexicon are in singular.

* Formal and informal terms. In many cases a shortened or informal term is used extensively
throughout the document (e.g., “session”) in place of a longer phrase that disambiguates the
intended meaning of the term (e.g., “knowledge acquisition session”). In these cases, we pro-
vide the main definition entry for the more formal term, using brackets in the term to indicate
that part of the fuller and more formal phrase elided in common usage within the document
(or, in some cases, variant phrases that might be used for the defined term). For example, in
the entry “fknowledge acquisition] session”, “knowledge acquisition” is bracketed to show
that the term sometimes appears in the text as just “session”. A cross reference is included in
the lexicon under the less formal term (e.g., “session”).

®* Non-Canvas terms. A few entries may be included in the lexicon for terms used in general
reuse literature that do not have special meaning in the Canvas context. These are included
for clarity, context and completeness, not to suggest formal definitions for these terms.

In addition to the textual definitions of terms provided in this appendix, Appendix B includes for-
mal notations of the semantic relations between some of the key terms in the lexicon. We encour-
age the reader to flip back and forth between these two appendices to see how the terms relate.

The approach to lexicon structure and organization presented here can, like Appendix B, be taken
as one form of representation for knowledge acquisition. To be more precise, we have found that
control of terminology is important in almost any representation used in KA. A lexicon, unlike a
simple glossary or data dictionary, defines a set of terms within the context of a specific commu-
nity of practice. The ODM method goes into considerable detail about the use of domain lexicon
as a means of managing the knowledge acquisition process.
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Lexicon Terms and Definitions

activity

A process or work task performed by a practitioner within a work setting. Activities can be
observed by investigators as one form of knowledge acquisition. Note that within the SEP meth-
odology this term has a more constrained and formal definition as part of scenarios. Within Can-
vas the main significance is that the activity serves as the effective knowledge source for sessions
where there is no explicit interviewing of an informant or study of an existing artifact. See also
practitioner, work setting, observation.

artifact

A workproduct developed within a work setting, that is used to provide information about the
work setting in which it was created or used. An artifact is a type of knowledge source. See also
workproduct, work setting, knowledge source.

audience

For any particular knowledge acquisition workproduct, its audience is anyone who can examine
the workproduct, and thereby gain some of the knowledge that was the subject of the learning pro-
cess that produced the workproduct. The audience can be drawn from any community. In some
cases the audience community is the same as the knowledge source community or the investigator
community. See also knowledge acquisition workproduct and learning.

Canvas

A knowledge acquisition approach that encompasses the idea that each participant (informant,
investigator) in knowledge acquisition will be influenced by the ongoing knowledge acquisition
effort. The name “Canvas” come from the image of weaving together “threads” corresponding to
the lifecycle of each participant. Each thread is monitored and managed for the effect of changing
biases throughout the lifecycle. In Canvas, the knowledge acquisition effort is viewed as a way to
bridge the cultural gap between two (or more) communities of practice, by explicitly handling the
variance as well as the commonality of view both within a single community and between com-
munities. See also participant, knowledge acquisition, thread, knowledge acquisition effort, com-
munity of practice.

codification

The transfer of knowledge into a workproduct. Knowledge has been codified into a workproduct,
if that knowledge can be learned through examination of the workproduct by a practitioner in the
intended audience for the workproduct. See also workproduct.

collaboration
See collaborative knowledge creation.

collaborative knowledge creation

The process by which interaction between investigator and informant creates useful knowledge
that was not available to either of them alone. A particular type of learning process resulting from
a session with an informant in which the informant participates to some extent in the codification
of the knowledge elicited. the investigator gains new knowledge that was not already held by the
informant. Typically in such a situation, the informant learns also.
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In contrast to reflection, the new knowledge contains some aspects of information unavailable to
each participant; hence it could not have been produced by any single participant alone. See also
learning, informant, investigator, reflection, knowledge transfer.

community of practice

A group of practitioners that share terminology, knowledge, and a set of behaviors and interests in
a certain domain. See also work setting.

configuration
See knowledge transfer configuration.

derivative workproduct

A workproduct produced by interpreting some other workproduct, including another derivative
workproduct. See workproduct, knowledge acquisition session, artifact.

dossier

A collection of all the knowledge acquisition workproducts created as part of a knowledge acqui-
sition enterprise. Includes links to the artifacts and informants used as knowledge sources for the
enterprise. See also knowledge acquisition workproduct, knowledge acquisition enterprise.

embedded [knowledge]

Knowledge not held in a form that can be easily articulated by any single member of a community
of practice. The knowledge may exist in close alignment with social interactions. For example, an
operating room team may have certain competencies in common that were developed over long
periods of intensive work practice. The knowledge may be informal and not codified, passed on
by direct contact and experiential training. The knowledge may also be embedded because it is
part of the surrounding cultural context and hence not deemed as a characteristic aspect of the
work setting itself, but is of significance to the investigator and/or target communities.

enterprise
See knowledge acquisition enterprise.

enterprise objective
See knowledge acquisition objective.

focus community

The community of practice in which the focus of interest is embedded. Practitioners from this
community are selected as informants. Contrast to investigator community, target community. See
also focus of interest, informant.

focus of interest

The topic in the knowledge source’s work setting about which the investigator wishes to acquire
information. The knowledge source should be knowledgeable about this topic. See topic, knowl-
edge source, work setting.
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informant

A person that serves the role of knowledge source in a knowledge acquisition session. Most typi-
cally an informant is a practitioner in the focus community. Knowledge acquisition specialists in
the knowledge engineering field tend to use the term “domain expert” to describe the people that
they interview in knowledge acquisition. We prefer a less specific term, since some people inter-
viewed will neither consider themselves experts nor be considered such by their community. See
also knowledge source, practitioner.

[knowledge acquisition] interaction

A session where knowledge is elicited through the interaction of two or more people; €.g., an
interview or a facilitated group KA session. Contrast with a study, where people interact with arti-
facts. See also session, study.

investigator

A person who performs knowledge acquisition activities to acquire information from knowledge
sources. Investigators are part of the KA team and have primary responsibility for the KA sessions
in which knowledge is elicited. See also session, knowledge source, audience.

investigator community

The community of practice that is performing the knowledge acquisition. Contrast with focus
community and target community. See also knowledge acquisition session.

KA
See knowledge acquisition.

KA plan
See knowledge acquisition plan.

knowledge acquisition
A special kind of knowledge creation process with the following properties:

* Knowledge is elicited from a knowledge source from one work setting by an investigator
from another work setting.

* Some portion of the elicited knowledge is codified into a knowledge acquisition workproduct.
* The codified knowledge is transferred to an audience in a different community of practice.

Knowledge elicitation and codification activities take place in a knowledge acquisition session.
They could take place in a single or in separate sessions.

The knowledge that has been effectively codified is that knowledge that can be learned by exam-
ining the resulting knowledge acquisition workproduct, by a person who was not present at the
knowledge acquisition session, but who is in the intended audience for the workproduct. In any
knowledge acquisition session, there is always more knowledge created than is effectively codi-
fied in the resulting workproduct. See also knowledge source, investigator, work setting, knowl-
edge acquisition session, knowledge creation, codification.
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knowledge acquisition effort

That portion of an overall project concerned with the systematic acquisition of knowledge. The
effort might be part of an expert systems development project, a conventional systems develop-
ment effort utilizing knowledge acquisition techniques, a domain engineering effort for the pur-
poses of engineering reusable software assets, or for non-technical purposes such as the gathering
of social scientific data. The effort encompasses the people (e.g., investigators, informants, spon-
sors, etc.), the processes (e.g., interviews, studies of artifacts), and the resulting knowledge acqui-
sition workproducts.

On occasion, it is convenient to refer to the complete set of KA activities performed as part of an
overall project as either the KA enterprise or the KA effort (depending on context). See also
knowledge acquisition enterprise.

[knowledge acquisition] enterprise

Those aspects of a knowledge acquisition effort that are relatively constant throughout the effort
(e.g., the objectives, intended audience, dossier infrastructure and resource pools). In this sense, in
the enterprise level of KA planning is contrasted with phase, thread and session planning levels.
Knowledge acquisition planning at the enterprise level is the first and foremost place where stake-
holder issues are examined. Contrast to threads and sessions, many of which can be planned
within the scope of a single knowledge acquisition effort.

On occasion, it is convenient to refer to the complete set of KA activities performed as part of an
overall project as either the KA enterprise or the KA effort (depending on context). See also
knowledge acquisition effort, stakeholder.

knowledge acquisition [KA] mode

A characteristic pattern or “topology” for a knowledge transfer configuration. One mode involves
transfer from a focus community back to the same community, through the mediation of an inves-
tigator community. In this mode, the codification of the knowledge in a new form and the result-
ing transformation of the knowledge transfer mechanisms within the community, is the primary
goal of the KA activity. A second mode involves transfer of knowledge to the investigator commu-
nity itself. This is the typical mode for an academic research project, where knowledge about the
focus community is of direct strategic value for the goals of the investigator community. A final
mode, and the one most relevant for this document’s primary audience, involves distinct focus,
investigator and target communities, where the investigator community is acting as a “bridge” or,
literally, transfer agent between the other two communities.

[knowledge acquisition] objective

A specific goal for a knowledge acquisition activity. Objectives are set for the knowledge acquisi-
tion enterprise as a whole, which in turn guides determination of more specific objectives for par-
ticular knowledge acquisition threads and sessions.

* Enterprise objectives include transfer of a specific scope of knowledge across specified
communities of practice that enable certain new work to be accomplished. (This is modeled
after the learning objectives used in training development, which seek to measure effective
learning in terms of what learners will be able to do that they were not able to do previously.)

* Thread objectives involve the desired end result of the series of sessions that constitute the
thread for the KA element in question. For example, objectives for an investigator’s thread
might be to achieve broad knowledge of a subset of topics in the overall domain, and to have
achieved a given new level of experience in facilitating KA group sessions.
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* Session objectives include the topics of focus for the session, the knowledge types to be
acquired, desired level of detail, etc.

See also topic of focus, knowledge type, knowledge acquisition session, knowledge acquisition
enterprise. knowledge transfer configuration.

knowledge acquisition plan

A centralized plan created to guide a KA enterprise. The plan covers enterprise, phase, thread and
session-level planning, and is adaptive to allow for ongoing re-planning based on new informa-
tion. See also knowledge acquisition objectives, knowledge acquisition enterprise.

[knowledge acquisition] session

A knowledge acquisition session is an event that involves at least one investigator and at least one
knowledge source, and generally produces a knowledge acquisition workproduct. The fundamen-
tal types of sessions are studies of artifacts and interactions with informants. The audience for the
workproduct created may be within the informant’s setting, the investigator’s setting or a separate
target setting. See also investigator, knowledge acquisition workproduct, artifact, informant, work
setting, audience.

[knowledge acquisition] workproduct

A particular workproduct that was created in the work setting of knowledge acquisition, that is,
the result of a knowledge acquisition session. The knowledge acquisition workproducts are
retained in the dossier. Knowledge acquisition workproducts also have an audience, which is a
community of practice who can be expected to be able to comprehend it. See also workproduct,
knowledge acquisition session, dossier, audience.

knowledge creation

The most general term for a process that results in new knowledge being created. Individual learn-
ing, formal teaching, documenting of process, research, and knowledge acquisition (the focus of
this document) are all forms of knowledge creation. See knowledge acquisition.

knowledge engineer

In the expert systems context, someone familiar with particular knowledge representation systems
and knowledge acquisition techniques. A knowledge engineer thus performs the tasks of an inves-
tigator utilizing more than knowledge of the domain of interest; i.e., they are not only informants,
even though they may have considerable domain knowledge, or will acquire it over time. More
importantly, a knowledge engineer is committed to developing knowledge acquisition and knowl-
edge representation skills that are transferable across domains.

In the Canvas context, therefore, not all investigators are knowledge engineers. We also extend the
notion to apply to the skills of mastering a repertoire of different representations, with knowledge
of the uses, inherent biases and appropriate elicitation techniques for each. In particular, mere
familiarity of one knowledge representation system, without knowledge of the contextual aspects
of its use in KA, would not render one a knowledge engineer in this broader sense.

knowledge source

Anything that can provide information that is embedded in some work settings. Human knowl-
edge sources are called informants, while inanimate knowledge sources are called artifacts. See
informant, artifact.
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[knowledge] transfer

At the enterprise level, that aspect of knowledge acquisition which involves the transfer of knowl-
edge from one community of practice to another by introducing a new codified form for the
knowledge. At the individual level, a particular type of learning process resulting from a session
with a learner and a knowledge source, in which the learner gains knowledge already held by the
knowledge source. See also collaboration, learning.

knowledge transfer configuration

A schematic diagram that indicates a knowledge acquisition scenario in terms of named commu-
nities of practice that are assigned the respective roles of focus, investigator and target communi-
ties for a specific knowledge acquisition objective for a KA enterprise. A knowledge transfer
configuration (appropriately annotated) is the primary documentation for a specific KA enterprise
objective. See also knowledge acquisition objective, knowledge acquisition transfer mode.

[knowledge] transfer mode

A commonly recurring pattern for the transfer of knowledge between focus, investigator and tar-
get communities. The modes are useful because they highlight characteristic stakeholder issues
that will arise in given configurations. They also provide the base patterns for the knowledge
transfer configurations used in determining KA enterprise objectives. See also knowledge transfer
configuration.

knowledge type

A broad categorization of knowledge that distinguishes static vs. dynamic knowledge, procedural
vs. definitional knowledge, etc. There are many diverse systems for classifying types of knowl-
edge and no particular system is critical to the integrity of the Canvas approach, in which knowl-
edge types serve primarily as an intermediary level between specific topics or domains of
knowledge and strategies for representation. Knowledge types are useful in two ways: they allow
for correlating multiple specific topics with representations effective for codifying knowledge in
those areas; conversely, each topic or knowledge area can be viewed from the aspect of multiple
knowledge types. So, for example, definitional or categorical knowledge exists in most domains
or topic areas, and can usually be represented well with taxonomic representations. Knowledge
about individual skills or learned competencies involves procedural knowledge for which process
descriptions or task diagrams may be useful. See also representation, topic.

learning

Any process by which a person gains some knowledge. See also knowledge transfer, collaboration
and reflection, which are types of learning.

notation

The mode of representation of the information in a workproduct. In general, the notation could be
any of natural language, diagrams, charts, tables, mathematical formula or the like. In Canvas, we
usually consider workproducts within representations particular to knowledge acquisition. The
notation in which a workproduct is represented constrains its possible content, and influences who
its audience can be. For example, programming language representations are not usually accessi-
ble to medical personnel. See also representation, workproduct.

objective
See knowledge acquisition objective.
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observation

An investigator eliciting knowledge by being directly present in a work setting and passively
observing work activities being performed by practitioners. Whether the observed practitioners
are informants or not is a grey area that depends on their degree of awareness of the presence of
the investigator, the extent to which their activities are altered as a result of the observation, etc.
Also, if a passive recording medium such as audio or video tape is used, one must consider the
session in which this knowledge acquisition workproduct is reviewed by investigators as part of
the chain of interpretation for the event recorded. See also informant, knowledge acquisition
workproduct.

practice

A recurring process or set of activities that takes place in a given work practice setting. The activ-
ities are considered by the members of the community of practice to be part of the work that goes
on in that setting. See also setting, community of practice.

practitioner

A member of a community of practice. Practitioners are always humans. See also community of
practice, informant, artifact.

project context

The broader project within which a KA enterprise is performed. Typically, given the intended
audience for this document, this would be a technology development effort where some degree of
systematic KA is deemed of value.

reflection

A particular type of learning in which the learner gains knowledge without resorting to a knowl-
edge source. Reflection is, therefore, not dependent on a knowledge acquisition session. See also
learning, transfer, collaboration, knowledge acquisition session.

repertoire [of representations]

In the Canvas context, a repertoire of representations is the set of representations used by a spe-
cific community of practice. The repertoire includes both the set of representations and notations
and the “theory of use” that allows them to be used together or in complementary ways. Skilled
knowledge engineers should develop a broad repertoire of representations to allow them to inter-
act with many different practitioner communities.

representation

A description of some topic, produced during a knowledge acquisition session, and recorded in a
workproduct. A representation includes a notation and associated semantics. A given community
of practice generally has a set or repertoire of representations in use. Knowledge engineers work
with repertoires of representations as part of their KA skill-set. See also workproduct, notation,
repertoire.

session
See knowledge acquisition session.
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session objectives
See knowledge acquisition objectives,

setting
See work setting.

stakeholder

A person, group, or organization that has interests and objectives relative to the knowledge acqui-
sition effort. Stakeholders have diverse viewpoints, experience, and terminology. See also knowl-
edge acquisition effort.

study

An knowledge acquisition session where an investigator examines an artifact to elicit knowledge
about a work setting. Contrasted with interaction. See investigator, artifact, interaction, session.

systematic knowledge acquisition

A systematic approach to knowledge acquisition provides a repeatable procedure for making key
decisions in planning and performing knowledge acquisition, and for recording the results of
knowledge acquisition activities in such a way that essential contextual information about the data
acquired is preserved.

target community

In a knowledge acquisition project involving three distinct communities, the community that is
the intended audience of the generated workproducts. A project in which the audience is either the
focus or investigator community will not have a separate target community. When speaking gen-
erally, we refer to the audience community as the target community, whether it is the same as the
focus or investigator community, or a third, separate community. Contrast to focus community
and investigator community. See also audience, workproduct.

thread

The lifecycle of an informant, artifact, or investigator. The word “thread” is intended to convey the
image of linearity of a lifecycle, interacting in a two-dimensional “canvas”. Each entity in the
knowledge acquisition project (informant, artifact, or investigator) follows a thread through the
fabric of the overall project. See also informant, artifact, investigator.

thread objective

See knowledge acquisition objective.

topic [of focus]

A specific criterion for selecting and focusing information gathered in a knowledge acquisition

session; part of the knowledge acquisition objectives for the session. See also knowledge acquisi-
tion objectives.
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transfer
See knowledge transfer.

transfer mode
See knowledge transfer mode.

work practice setting
See work setting.

workproduct

The result of an activity in any work setting. In order to be a workproduct, the result must be in a
form that can be accessed by someone who was not involved in the activity. Thus reports, tapes,
documents, programs and diagrams are all workproducts, but new ideas that have not been cap-
tured on paper are not workproducts. See also work setting, knowledge acquisition workproduct.

[work] setting

An environment where people interact with each other and perform processes. Settings imply a
certain stability in that the same people work together on a routine basis. This set of people forms
a community of practice. See also community of practice.
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