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Abstract. Predictably achieving requirements validity has proven extremely

difficult because of the informal nature of this property, and poor

communication of application domain knowledge is implicated as a main barrier

to increasing this validity. In related work, we developed a  methodology that

exploits cognitive psychology research to improve this communication. In this

work, we describe support for the methodology via a toolset that directs involved

parties in the construction of artifacts defined by the methodology; these

artifacts by their structure and content enable the spread of application domain

knowledge among developers and throughout the lifecycle. The toolset in

addition supports documentation, various forms of analysis, and integration with

other lifecycle artifacts. We used these tools in collaboration with an industry

partner to develop experimental documentation for recording and dissemination

of domain knowledge relevant to the design of a medical device, and we here

describe this experience.

1 Introduction

Erroneous or invalid requirements are implicated as a major source of defects in the

software of high-consequence systems [14]. Achieving high-quality requirements

necessitates high-integrity communication [7], but innate mechanisms of human com-

munication are not well-suited to this goal [6, 5]. Researchers who study human com-

munication have generated results that can be exploited for purposes of improving

communication in the development of such systems. Linguistic knowledge about par-

ticular aspects of human communication can be embodied in an artifact that serves to

organize and allow processing of content essential to the effective communication of

critical domain knowledge [4, 6, 5]. This approach generates a large amount of natural

language content that is highly structured, but difficult to manage effectively. In this

work, we offer a proof of concept of tool support for acquiring, organizing and pro-

cessing that material. The tools we describe automate much of the application of

important results from linguistics to software engineering thereby providing the oppor-

tunity for significant improvement in the quality of documented requirements.

We begin with a  brief examination of the relationship between communication

and software validity. Validity refers to whether a software artifact intended for a pur-

pose is “the right thing,” that is, whether it fulfills its intended functionality under

intended constraints and without unintended consequences. Validity is necessarily an
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informal property since it is a measure of mapping to human intent. It is thus difficult

to achieve and demonstrate, since intent might change, vary among stakeholders, be

incompletely considered by either developers or stakeholders, include inconsistencies

that result from poor logic or ambiguity, or simply be inaccessible as a result of insuf-

ficient acquisition methods or lack of propagation of sufficiently acquired intent.

Natural language is the primary medium for the communication of intent, and

herein lies much of the problem. Not only must this intent be isolated and captured in

order to get the requirements right, but it must be propagated through the development

process with integrity at any number of transfer points. Thus far, those developing

high-consequence systems have rarely been able to get this right, and even then, not

systematically or predictably. This fact is demonstrated by the numerous incidents,

accidents, and other failures in high-assurance software, as well as in the schedule slip-

pages and cost overruns that plague even non-safety-critical projects. By and large,

these problems derive from communication deficiencies early in the lifecycle [7, 14].

In related work, we developed a methodology that exploits cognitive psychology

research to improve this communication. In this work, we describe support for the

methodology via a toolset that directs involved parties in the construction of artifacts

defined by the methodology; these artifacts by their structure and content enable the

spread of application domain knowledge among developers and throughout the lifecy-

cle. The approach was brought into an industrial environment and used to develop

experimental requirements and specification documentation relevant to the develop-

ment of a medical device. This allowed us to demonstrate the feasibility of construc-

tion of a complex requirements artifact that is theoretically founded in a linguistic

model using extensive tool support. The artifact is scalable in both representable com-

plexity and processibility into new knowledge, and integratable with existing develop-

ment processes. It provides a proof-of-concept that certain forms of breakdown that

plague communication of application domain knowledge can be systematically over-

come or avoided while keeping within the confines of a professional development pro-

cess.

The structure of the paper is as follows: we first provide the context of related

work, followed by a brief review of the approach. We then discuss the toolset and its

enabled facilities. Finally, we report on our experience with industrial collaborators,

which demonstrated the feasibility of construction of a theoretically-founded complex

artifact and its manipulation and analysis on a realistic scale and in a realistic environ-

ment. Further, it provided insight that directed later development of the approach and

tools in specific ways.

2 Related Work

A number of other researchers have investigated the application of knowledge about

language to the problem of requirements validity. Goguen and Potts advocate forms of

naturalistic inquiry as it is practiced in social and anthropological endeavors. Natural-

istic inquiry involves a data collection process whereby an analyst observes partici-

pants in a community and pieces together a picture of their interaction through various

techniques including interviewing and artifact collection [16]. The goal is generally to
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expose the “...meanings and tacit understandings that participants in social contexts

negotiate and derive from interactions with the artifacts and other participants there”

[16]. Potts proceeds in a direction that uses observations of human interaction to moti-

vate strategies to enhance communication. For example, he proposes a structured con-

versation model for communicating requirements based on what he calls the inquiry

cycle, the patterns according to which humans iteratively request and process informa-

tion in constructing new understanding [17].

The idea that domain knowledge needs to be documented in a specification has

been proposed by others, e.g., the text macros of Heninger [8] and the designations of

Zave and Jackson [19], but without a theoretical basis. Leveson recognizes the need to

capture expert intent and proposes structures in which to record it, but applies psychol-

ogy only at the level of compound, high-order activities, and does not suggest methods

to connect meanings to the elements in a model [12]. Even so, this approach produces

complex artifacts, and the complexity is difficult to manage without automated sup-

port. She has thus enhanced the SpecTRM toolset to support the approach [13].

Berry explicitly recognizes the need for both elements: attention to the cognitive

mechanisms that allow semantic generation and comprehension as well as to the rela-

tionship of semantics to the forms in a model [1]. However, both his problem charac-

terization and solution approach can be enhanced with the rigor available in

psychological and linguistic methods.

Maiden and Hare have employed an element of psycholinguistic theory to

improving the efficacy of certain activities that contribute to their work in problem

domains. For example, they used a card sorting technique to elicit facts about the stor-

age organization of their subjects in order to improve the modeling of domain informa-

tion in a database of reusable domain models [15].

While others have thus applied psychology and linguistics at some level and to

various elements of the requirements problem, our approach differs in that it is thor-

oughly based on psycholinguistic theories that account for the low-level mechanics of

language comprehension and production. In previous work, we examined how the

ways in which humans innately use natural language result in statements of require-

ments that are incomplete, inconsistent, and open to misinterpretation [6, 5]. To sup-

port this finding, we exploited results from cognitive linguistics that detail the ways in

which humans organize and communicate conceptual information. We extended this

model to account for the breakdown that occurs in communication of information

across boundaries of domain expertise, breakdown that is implicated as a major limit-

ing factor of the quality of large and complex software systems [2].

Our goal was to develop an approach that injected more rigor into getting from the

initial idea for a software element to the eventual model of its structure and function,

upon which implementations would be based. We wanted to be able to do so demon-

strably, predictably and repeatably. Specific findings of the linguistic analysis dictated

that our approach have certain properties. The approach developed entails the intro-

duction of an abstraction called the domain map that can be used to organize and docu-

ment for non-experts critical application domain information. The need to manage the

complexity of represented entities within our approach motivated the work that led to

the toolset described in this paper.
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To review, others have applied psychology and linguistics to some extent to the

requirements problem. Our approach seeks to do so comprehensively and rigorously,

which, because of the complexity generated, motivates automated support. This sup-

port then enables not only practical usability, but experience that advances develop-

ment of the complete approach.

3 The domain map

We have argued previously that developers, who are non-experts in a  particular

domain, are unable to access the intended semantics directly from domain experts

because the lexicon of the domain expert is partially incompatible with that of the

developers [6, 5]. This implies the need that this information be processed into a form

that is both cognitively accessible to developers and agreed with and among domain

experts. The domain map is a  structure designed to allow explicit and systematic

access to essential domain semantics in a form that is meaningful to those who do not

possess expert knowledge of the domain in question.

This need not preclude dynamic requirements, which are a reality with which we

have to deal. Rather, it precludes inconsistency of the currency of the description and

unavailability of a mapping of that currency into a form comprehensible to developers.

A requirement might change, but the language available to describe it should not, and

the description should be meaningful to all who need to use it.

The linguistic analysis indicated at least three areas in which a  structured

approach built around an artifact held promise to reduce miscommunication. Based on

the analysis, the domain map artifact was designed to provide mechanisms to do the

following:

• reduce the ease with which a non-expert may make an assumption about the mean-

ing of a domain-specific term, by providing directed explication,

• account for the recursive nature of understanding, by grounding explications of all

domain-specific terms directly or indirectly in terms that are in the common lexi-

con, and

• provide characterization mechanisms that alone or in collection with metrics col-

lected from other instances of the artifact can allow visualization of trends and aid

in allocation of resources.

3.1 Artifact Definition

More specifically, then, a domain map is a structure that documents the conver-

sion of a  domain specific, explicit representation of essential semantics to a  form

accessible to those with a  common base set of representations. This entity in effect

maps domain specific representations to representations built out of common terms

and phrases. For these purposes, we define common and domain narrowly as follows.

Common refers to that set of terms for which the association between a particular term

and its semantics is sufficiently similar among interlocutors that relevant miscommu-

nication is highly unlikely. In other words, a term is common if the respective storage

structures and content possessed by any two people within a project are essentially the

same with regard to salient linguistic elements [6, 5]. Domain, then, refers simply to all
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terms that are not common; if a term has domain-specific meaning, its storage structure

and/or the content it contains differ for any two people from within and outside the

domain, respectively.

To better serve its purpose of documenting this mapping, constraints are placed on

the domain map such that the following properties are observed:

• A  requirements specification for a software system includes a domain map.

• All domain specific terms that are relevant to the development of the specified soft-

ware system are associated directly or indirectly with definitions consisting of

exclusively common terms.

• No cycles are permitted in the use of definitions within definitions.

• The domain map and the documents to which it points are the only sources of

domain-specific definitions to which developers can refer.

A domain map, then, at the highest level, is a structure that, from a set of terms

drawn from a natural language requirements source, documents a partition of this set

into domain and common terms and explicitly relates members of these partitions to

each other, supplementing with additional domain and common terms where necessary

in order to construct a completely common representation for every domain term.

Further, once a domain map is instantiated, it can provide additional value, since

the artifact described can be subjected to analysis. The definition of any term or phrase

in the original set describes a  tree of dependency in which the root and all of the

remaining non-terminal nodes are domain terms, and all of the terminal nodes are

common terms (technically, it describes a directed acyclic graph since some definitions

will include the same terms, but, for our purposes, conceiving of the domain map as a

tree is equally valid). In particular, we would like to know about several properties of

the tree, and collectively about the set of trees resulting from the original term set. A

simple check to determine whether the terminal condition has been reached, i.e.,

whether every domain specific term can be paraphrased directly or indirectly by exclu-

sively common terms, indicates whether the domain map is legal, i.e., whether there is

a definition completely accessible to a non-expert. The depth of the tree gives some

idea of the semantic complexity of a given term, and the maximum and average depths

give an idea of the overall complexity of the domain lexicon, i.e., a measure of how far

removed it is from everyday common language. These measures can be used to flag

concepts at high risk for miscommunication, and to drive the amount of rigor applied

in maximizing the validity of a model.

For further discussion of the domain map artifact, the reader is directed to [4, 6,

5].

3.2 Validation of the Artifact

As an example of the issues described, consider the following. In a  small-scale

study we undertook during the development of the domain map concept, developers

were asked to work from an industrial natural language specification for a  maritime

track control system standard [9]. Among the quantities that were modeled was a

ship’s bearing, which was not defined within the specification, i.e., the original speci-

fication was, as they often are, incomplete. This left the researcher conducting the

study to rely on her assumptions, based on her previous experience with things named
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bearing, which turned out to be erroneous with regard to the system context. Upon

construction of a domain map, however, not only was the term associated with a com-

mon language definition that corrected the developer’s misunderstanding, but depen-

dencies in which it participated were also made apparent. The domain map showed

explicitly that the correct understanding of over 37% of the 102 terms defined in this

case depended on a correct understanding of the term bearing. This demonstrates just

how important it is not only to fully expand definitions to common representations, but

to recognize that the misunderstanding of a single term can have a tremendous impact

on a developer’s conception of an entire domain.

In a more rigorous test in a controlled environment, the domain map was further

demonstrated to contribute positively to higher-integrity communication of domain-

specific semantics. 114 subjects participated in a 2-group true-random experiment in

which the control group was provided with a set of industrial natural language require-

ments and the experimental group was provided with the same natural language

requirements complemented by a domain map. All members of both groups took a

diagnostic test of domain-specific knowledge pertaining to the requirements. The

experimental group performed significantly better overall, scoring higher on 7 out of 8

questions, and by more than 50% on 3 [4].

What the domain map provides is an organized and structured entity that docu-

ments essential domain knowledge. It accomplishes by design the goals set out in the

earlier problem analysis. The domain map provides explicit and considered common

access to the intended semantics, and it has permanence enabling it to become an ele-

ment of the documentation for use later in the process by those even further removed

from the domain experts. It provides as well the flexibility to be adapted to the needs

and resources of the client and development organization, through selective applica-

tion to the areas at highest risk for miscommunication, and by allowing applications of

various levels of rigor.

While structures like the domain map that instantiate linguistically founded

abstractions are conceivable and manually realizable, in practice there are severe limits

on the value achievable through strictly manual means. These limits derive from size

and complexity of the generated artifacts, but with automation, the representable com-

plexity of such structures grows and further forms of processing can be performed. We

next present a toolset that directs the creation of significant added value to and from

such representations; this is value that is not predictably or systematically achievable

without both the theoretical basis upon which the structures are founded as well as the

automation of processes that the structures allow.

4 The Toolset

As illustrated in Figure 1, our goal for the toolset was to provide a support mechanism

for applying the linguistic model, via the domain map, to the creation of early lifecycle

artifacts such as requirements documents and specifications. Linguistically sound arti-

facts can be instantiated manually, but these instantiations are necessarily of limited

complexity. Further, manually creating and analyzing even a relatively non-complex

domain map is both time consuming and difficult. Developers must sift through all
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material to ensure that all terms at issue have been identified, that they have each been

provided with grounded and agreed-upon definitions, that all definitions are analyzed

for legality, that overall organization and usability of the information is maintained,

and so on. For a realistic requirements specification, this information and its organiza-

tion can quickly become exhaustingly complex. Further, any manual analysis can be

tedious and error-prone, and when done sufficiently rigorously to be valuable, it is

likely to be prohibitively costly.

Clearly, automated support for the initial creation of the domain map and execu-

tion of the various forms of analysis that are possible is an attractive idea. More impor-

tantly, in addition to providing efficiency and reducing errors in processing, tools

could allow the construction of representations that are more complex, as well as more

realistically useful kinds of analysis capability than can be achieved manually. The fol-

lowing specific goals guided our support strategy:

• Complexity management.

A key requirement for the toolset is to permit the creation of a domain map in a

manner that embodies critical components of the linguistic theory as they apply to

the problem. Our analysis indicated that lack of explicit attention to facts of seman-

tic storage structure allowed breakdown in communication. The tool must provide

effective control and management of the data elements representing these facts and

their relationships as the structure grows in size, as well as facile alternations

between related but separate views.

• Completeness and Consistency analysis.

The domain map must be complete in the sense that all terms indicated to be

domain-specific by the linguistic model are present and defined appropriately.

“Appropriately” refers to one of three possible forms: (a) an explicit definition

using only common terms, (b) an explicit definition using common and domain-

Fig. 1. Toolset goal.
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specific terms (themselves defined appropriately), or (c) a link to a domain-specific

formalism. The tool must examine definitions for compliance with these forms. It

must further examine for consistency the resulting graph structure that relates the

definitions, checking for circularities and redefinitions. 

• Human Direction

The tool must provide direction to users in creation, refinement, and analysis of the

structure. For example, upon selecting a term for definition from source materials,

the tool should create the appropriate fields and guide the user in completing them.

Further, it should systematically organize sets of situations where human judgment

calls are necessary, such that users are more likely to resolve such situations. For

example, it should collect and display location information for all instances of a

term so that a user can examine instances in context for consistent usage. The tools

should also provide a method of enforcing that processes are carried out, possibly

in the form of requiring confirmation before proclaiming the structure to be legal

according to all embedded constraints.

To enable support for these activities, we have enhanced an existing toolset,

Zeus [10], to provide facilities for systematic direction of the creation, refinement and

analysis of domain maps, as well as possibilities for their integration with other lifecy-

cle artifacts. The tools and their relationship to various entities are shown in Figure 2.

Zeus is based on the FrameMaker desktop publishing system and the Z/EVES ver-

ification system. It provides comprehensive facilities for manipulation of both natural

language and Z [10]. Its support for natural language is used in two ways. The primary

use is to create and modify formal specifications that integrate formal elements written

in Z with natural language that is organized to exploit linguistic theory. It can also be

Fig. 2. Support toolset.
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used to manipulate project and domain-related documents in whatever format domain

experts and developers require using all of the facilities of unmodified FrameMaker.

4.1 Collection Tool

In order to support the creation of domain maps, Zeus has been extended with a facility

that allows the collection of domain-specific terms and phrases. The creation of the list

of domain terms and phrases is undertaken by developers and domain experts who

make a number of passes through source materials. For example, a scenario we have

exercised is one in which a developer makes the first pass through an original require-

ments draft, indicating words and phrases he either outright does not understand, or

has reason to believe might have domain-specific meaning of which he is not aware.

Then a domain expert makes a pass through the same document, annotated with the

developer’s indications. The domain expert thus has a chance to validate the devel-

oper’s indications as well as add to them. This trade of active role can be iterated as

necessary for the involved parties to converge on a set of terms in need of semantic

accessibility from outside of the domain. Further, in the version of the tool under

development, terms and phrases of interest, as well as descriptive information pertain-

ing to them, can also be collected directly from structured artifacts that result from an

elicitation process we have since defined.

The Zeus Collection Tool enables the above described passes through natural lan-

guage requirements and the capturing of terms and phrases to be entered into the

domain set. The mechanism is the selection (highlighting) of a term while in capture

mode, followed by a keystroke, which creates a blank domain map entry for the term.

The list of domain terms can be manipulated as different passes are made over the

source materials, and natural language definitions, again negotiated by the involved

parties, are entered for domain terms using the text manipulation facilities of

FrameMaker. Thus the construction of an initial domain map abides by the necessary

informality imposed by the development of ideas and their expression in natural lan-

guage, but the Zeus tool guides navigation and systematic exploration of this informal

space by providing the artifact structure and operations that allow explicit accounting

for critical elements.

4.2 Reference Tool

Refinement and use of the domain map are supported by the Reference Tool. The refer-

ence tool creates a graphic display of the domain map that shows all of the defined

terms in alphabetical order. An example of the reference tool’s display when applied to

a sample specification is shown in the left portion of Figure 3. Since definitions are

stated frequently using other domain terms or phrases, the reference tool displays for

each domain term the set of domain terms upon which it depends. Further, it displays

the definition of any term if the right mouse button is clicked over it (right portion of

Figure 3), and if there are any additional domain terms in a definition, they are indi-

cated with underlining.

The reference tool performs a variety of analyses on the domain map as the dis-

play is built, allowing refinement from a draft to a legal form. For example, it checks

for definitions that are either duplicates or empty, i.e., there is a placeholder for the

definition text but no text has been entered. It detects cycles so that terms with circular
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definitions can be refined to comply with the no-cycle rule (note examples in Figure 3

marked by circular arrows). Further, it checks the dependencies for all definitions and

ensures that each is completely grounded in common terms.

Finally, the reference tool computes various metrics from the domain map, for

example, the distribution of the number of levels required to ground domain terms

(that is, the distribution of the depths of dependency) and the number of defined terms

or phrases relative to the total word count for a requirements document. These metrics

are useful in gaining a picture of the semantic complexity of individual terms and

entire lexicons, allowing intuition regarding the most efficient application of

resources.

Fig. 3. Multi-framed view of dependencies, editing window, and pop-up definitions.
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4.3 Symbol Tool

If a specification includes a formal component, the symbols in that component can be

associated with the contextual information provided by the domain map. The connec-

tion between formal symbols and their referents in the real world is complex [6, 5], but

typically, symbols in a formalism are labeled with mnemonic identifiers that implicitly

stand for entities in the world, and a user is left to interpret the identifiers within the

limits of his own experience of the terms used. A third tool within Zeus, the Symbol

Tool, can check whether each mnemonic possesses a corresponding, explicit entry in a

domain map and is thereby intentionally grounded. Any identifier not linked to an

entry is flagged. Zeus currently supports this function for Z specifications, and could

be expanded to include other notations and design tools with formal elements, such as

UML or Visio.

5 Feasibility Study

During development of the domain map approach and the supporting toolset, we

undertook a number of activities to validate the progress being made. We were fortu-

nate to have access to a set of natural language requirements describing a standard for

maritime track control systems, which proved useful as an early testbed application.

The results addressed in section 3 derive from this experience. However, the first case

study was of small scale, performed primarily manually, and used to assess practicality

of the approach and identify the necessary functionality of automated support. The

controlled experiment assessed primarily the efficacy of the domain map artifact, but

while prototype tools were used in the construction of experiment materials, the

hypothesis under examination did not involve them. The functionality determined dur-

ing the case study and prototyped for use in developing experiment materials was then

implemented as a toolset, and to give the toolset a more realistic trial, we sought a

more realistic environment.

This environment was provided for us by an industrial collaborator. Our collabo-

rator allowed us access to development materials for a medical device, as well as

access to development personnel familiar with the project. The purpose of the device

we studied is to generate surgical planning information to be used by physicians in

determining a course of therapy. We restricted our inquiry to a part of the system that

calculates specific therapeutic effects. We began from the set of materials that consti-

tuted the requirements and specification for this element from which developers were

expected to produce designs and implementations.

The Zeus toolset automated much of the construction and refinement of the

domain map. In particular, it provided the necessary complexity management services

thereby facilitating the efficient and complete development of the domain map for this

application. The use of the completeness and consistency mechanisms enabled rapid

checking of the form of the domain map and its essential properties. Zeus fulfills the

goals stated in the previous section of complexity management, completeness and con-

sistency analysis, and human direction. Using the toolset in an industrial context also

generated ideas about how domain maps might be integrated with other lifecycle arti-

facts, in ways that were discussed earlier.
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Notably, the case study forced out issues that were not fully apparent under the

controlled circumstances of early approach and tool development. Of particular inter-

est are the method of selection of terms for inclusion in the domain map, and the pro-

cess by which definitions were constructed. The case study provided the clearest

demonstration up to that time that both of these processes were underspecified and ad

hoc; foundations were needed and new methods had to be added to the approach. In

succeeding work, both of these activities have undergone rigorous (re)definition. In

addition, a companion elicitation process, also built on linguistic principles, has been

developed that supports and complements the domain map recording and propagation

process. As of this writing, Zeus is undergoing enhancement to support these activities.

An issue that we would like to explore in future work is that of expert understand-

ing stored as narrative or procedural memory versus that stored as hierarchical or onto-

logical memory. While the domain map by its nature lends itself to the latter, we

recognize that much expert or tacit knowledge is represented by the former. Linguistic

theory concerning the semantics of procedural memory supports the existence of cog-

nitive entities called frames, schemas, and scripts [11, 18] that could form the basis of

an approach to representing procedural expert knowledge. Since these are compound

entities that relate lower-level ones, such as the entities represented in a domain map,

an approach to representing procedural knowledge using them could be integrated with

the existing artifacts to provide a comprehensive model of the relationships that hold.

Tool support would be expected to contribute to the practicality of such an approach.

Thus the experience illuminated both strengths and areas for improvement in both

the approach and the tools. In particular, the tools proved to be a powerful aid to con-

structing and refining the domain map in an organized and efficient manner, and dem-

onstrated that they allow an originally manual approach to scale to more realistic

environments. Further, the experience gave the approach its first trial in a realistic set-

ting, generating a number of insights that have since led to modifications in both the

approach and the tools.

6 Summary

Effective communication of application domain knowledge among domain experts

and software developers is crucial if the quality of requirements for high-consequence

systems is to be improved. We developed a strategy to exploit systemic linguistic

knowledge about particular aspects of human communication by embodying it in an

artifact that can serve to organize and allow automated processing of meaning essential

to the communication of critical application domain knowledge with integrity.

Earlier work addressed the cognitive and linguistic barriers to effective communi-

cation between domain experts and non-experts. Our approach exploits research in

these fields to improve the communication of application domain knowledge. In this

paper, we reviewed this approach and introduced tools built to support its deployment

in real projects. While manual construction of our theoretically-founded artifacts is

possible, there are limits to the complexity that can be represented as well as to the

kinds of analysis that can be performed effectively and efficiently. The toolset was

designed with the goal of automating not only what was achievable manually, but
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enhancing that set of functionality to handle realistic complexity in organization as

well as in processing. The toolset directs involved parties in the construction of arti-

facts that by their structure and content enable the spread of domain knowledge among

developers and throughout the lifecycle. The main artifact, a domain map, and its sev-

eral views, provides documentation of domain knowledge that by design is more com-

plete and consistent than are ad hoc or intuitive attempts at recording this information.

The tools further support various forms of analysis of domain maps, providing infor-

mation that directs their refinement as well as metrics that provide indications of

semantic complexity. Further, the tools allow domain maps to be integrated with for-

mal specifications as well as natural language documents that can benefit from such a

reference.

We used these tools in collaboration with an industry partner to develop experi-

mental documentation for recording and dissemination of domain knowledge relevant

to the design of a medical device. The experience illuminated both strengths and areas

for improvement in both the approach and the tools. In particular, the tools proved to

be a  powerful aid to constructing and refining the domain map in an organized and

efficient manner, and demonstrated that they allow an originally manual approach to

scale to realistic environments. The exercise provided a proof-of-concept that the con-

struction of such an artifact, one that embodies systemic linguistic knowledge about

miscommunication, and provides for a systematic, repeatable, and predictable process,

can be realized in an industrial environment and on a useful scale.

We thus conclude that the approach, originally applied on only a small scale, is

feasible for realistic projects, and that the combination of a theoretical foundation to

motivate a  structure and an industrial-strength support tool to direct its instantiation

and analysis provides value not before achievable in reducing the incidence and sever-

ity of miscommunication. Practical construction and refinement of artifacts, as well as

analysis and integration, were made tractable. The result was a set of documents that

held value, demonstrated by additions, corrections, and enhancements beyond the

original materials, and recognized by members of the collaborating organization. Fur-

ther the experience generated insights that led to improvement of both the approach

and the tools.
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