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Abstract

The Inquiry Cycle is a generic process model for
conducting requirements elaboration. It consists of three
activities: requirements expression, discussion and
commitment. This paper describes an evaluation of the
Inquiry Cycle model and a support tool, Tuiqiao, in the
requirements analysis phase of a real project, a proposed
commercial consumer information service based on
Internet. The extent to which the discussion of
requirements follows the Inquiry Cycle is analyzed using
quantitative measures and qualitative classification
schemes, and effects of adopting an inquiry-based strategy
on patterns of collaboration among the team members are
analyzed. The project gradually shifted from synchronous
meetings to asynchronous and individual work patterns. A
shift also occurred from an emphasis on discussion to an
emphasis on commitment and expression. The
requirements elaboration process was consistent with most
aspects of the Inquiry Cycle, but analysts did not record
reasons for requirements. The paper concludes with some
recommendations for tool support.

1. Introduction

1.1 Requirements Analysis

Requirements analysis in practice is always an
exploratory, learning experience. Because of this, the most
significant practical problems faced by design teams
during requirements analysis concern the creation,
communication and management of informal ideas.

A survey of 23 development organizations [7] showed
that projects in many applications have similar problems
with requirements, including:

(a) Organizational solutions (e.g. responsibility
assignments and meeting facilitation) are more pertinent
than technological solutions (e.g. CASE tools).

(b) General-purpose technology, not structured CASE
technology, is customized to keep track of informal
requirements-related information.

(c) Organizations under-invest in support and education,
so that analysts cannot effectively use the tools they have.

(d) Many requirements are invented during product
design; for consumer products and software services, there
is no definitive source of customer requirements.

Most of these problems concern managing and
communicating informal information, not demonstrating
consistency, completeness, feasibility or well-formedness
of a specification.

Waltz et al [12] studied a single project, the goal of
which was to develop a an object server for a development
environment. The team’s interactions over a four-month
period were dominated by domain-independent
communication and knowledge acquisition problems.
Team members forgot issues they had discussed or
remembered them differently, and made different
assumptions. Meetings lacked facilitation and direction.
The requirements process "shut down" when the project
ran out of time.

1.2 Inquiry-Based Requirements Analysis

Based on these empirical findings, we have developed a
requirements analysis process model and strategy, the
Inquiry Cycle (Figure 1) according to which three
activities repeat under the control of a strategy.

(a) Expression is the proposing or writing of
requirements-related information. This includes
requirements documents and domain-specific information,
scenarios, and enterprise goals.

(b) Discussion includes formal meetings and circulation
of comments and individual annotation of requirements.

(c) Commitment includes making decisions resulting
from discussion, such as change requests, agreements
about terminology, commitments to seek missing
information, etc.

The Inquiry Cycle applies to many requirements
methods. Previous papers [9,10] discuss possible
instantiations with natural language text and scenario
descriptions for expression and an extension of IBIS (cf.
[2]) for discussions. Other instantiations are also possible.

The cycle is driven by scrutinizing expressed
requirements, so technology that allows hypertextual
attachment of annotations to parts of documents should
form the central feature of any tool support. Such a
technology, Tuiqiao, has been designed and prototyped



[11]. Tuiqiao is a single-user tool for annotating
requirements. Annotations are usually questions, which in
turn lead to possible answers. Answers may be justified
with reasons and may lead to change requests. Tuiqiao
stores all these types of discussion contributions, the
links between them, and links to the requirements. Links
may be traversed using several browsing strategies, and
the designer may quickly retrieve lists and networks of
open questions or pending commitments. Tuiqiao is
implemented in Hypercard.
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Figure 1: The Inquiry Cycle.

1.3 Empirical Investigation of Inquiry-Based
Requirements Analysis

This paper describes an exploratory study to investigate
an inquiry-based strategy during the requirements analysis
for a commercial Internet-based consumer information
service. It is not a controlled experiment because of the
unfeasibility of controlling the many extraneous factors
that affect real projects. Our goal was to observe the
practices and experience of analysis and report descriptive
quantitative data where appropriate, in particular the kinds
and number of questions raised over time, their resolution,
and the effects on the resulting requirements. We also
wanted to assess the impact on the collaborative process
of consciously following an inquiry-based strategy.

Three sub-teams participated in the project: Analysts,
Customers, and Implementors. The four analysts, the
authors, were working in an office in suburban Tokyo and
spoke Japanese and English. The four representatives of
the Customers were in downtown Tokyo and spoke
Japanese. They really represent the development
organization and acted as marketing consultants. The two
implementors were in Mountain View, California, and
spoke Japanese and English.

2. Consumer Information Service (CIS)
Project

2.1 The Application

The application (CIS) is a commercial Internet service
to augment paper-based consumer information sources
(e.g. directories, promotional literature, guidebooks).

2.2 Project Chronology

An application of the Inquiry Cycle consists of a
number of 'unwound cycles,' each with an expression,
discussion and commitment activity. The chronology of
the CIS project is shown in this way in Figure 2.
Rectangles represent documents, circles represent
discussions and triangles represent decisions. Solid arrows
show direct mappings; broken arrows show indirect
mappings.

2.3 Documents (Expression)

The CIS documents were informal. Four types were
produced:

(1) Customer notes (CN): Notes produced during and
after meetings with customers.

(2) Function lists (FL). Lists of phrases, each of which
described a CIS function.

(3) Goal hierarchy (GH). A goal refinement method
derived from [4] was used.

(4) Requirements document (RD): The requirements
document was an eight-page natural language document
written in English and translated into Japanese for
customer approval. It was derived from the goal hierarchy
by: (a) linearizing the outline into text; (b) describing the
functions in detail; and (c) reordering and polishing the
presentation for stylistic reasons.

The documents are summarized in Table 1. The sizes of
the documents and are given in the table. For each type of
document, the size monotonically increased from one
version to the next.

Counting functions, instead of words also shows a
monotonic increase from the first function list (FL1)
through the requirements document (RD1). The number of
functions is plotted in Figure 3.

2.4 Types of Interaction and Collaborative
Tools (Discussions and Commitments)

The interactions that occurred during the project are
summarized in Table 2.

Thirteen interactions occurred, ten of which were
meetings and three of which were e-mail conversations.
Tuiqiao was available in the electronic meeting room on
all participant's screens. When Tuiqiao was used, one team
member took notes on behalf of the team. In the case of
two of the meetings (those discussing GH2 and GH3) an



outline processor was used in the electronic meeting
room, and the discussion notes were entered into Tuiqiao
subsequently.
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Figure 2: Case study chronology.

Ref. Size
(words)

Details

CN1 974 Notes taken during and after first meeting
with customer representatives. Produced
using word processor.

CN2 1,393 Notes taken during and after second meeting
with customer representatives. Produced
using word processor.

FL1 93 Incomplete function list containing single
phrases and words denoting desirable
functions. Produced using word processor
and copied into Tuiqiao.

FL2 380 Revision of FL1 to include functions not
discussed in first meeting. Produced using
word processor and copied into Tuiqiao.

FL3 991 Function list in which the top-level
functions were each decomposed into
several functions or operations that must be
provided by CIS. Produced by editing
Tuiqiao copy of FL2.

FL4 1,016 Function list with completed
decomposition of top-level functions.
Produced by editing Tuiqiao copy of FL3.

GH1 n.a. Initial goal hierarchy produced using
outline processor.

GH2 417 Goal hierarchy with all functions from FL2
added as leaf nodes. Produced by editing
GH1 using outline processor.

GH3 538 Revision of GH2 taking account of
discussion. Produced by editing GH2 using
outline processor during discussion and
commitment meeting.

GH4 1,326 Revision of GH3 incorporating
decomposed functions from FL4. Produced
using outline processor during discussion
and commitment meeting.

RD1 2,081 Draft requirements document. Produced
using word processor by: (1) reorganizing
so that high-level goals do not appear; (2)
removing goals operationalized by user
behavior; (3) adding English explanation
of the decomposed goals; (4) reordering and
polishing for style.

RD2 n.a. Japanese translation of RD1. Produced
using Japanese word processor.

Table 1: Documents produced during case study.

To discuss requirements by e-mail, the analysis sub-
team adopted a convention for message headers that made
it obvious to recipients what type of discussion
contribution was contained in the e-mail message and to
what it referred.

The electronic meeting room used was NTT's Cogent
Room [6], a state-of-the-art electronic meeting room. We
used the Cogent Room in restricted ways. For example,
Tuiqiao and the outline processor are single-user tools, not
collaborative editors, and so when these were used, one



team member would "drive" while others could watch the
display on their screens.

No special decision making tools or facilitation
strategies were adopted. Because it was small, the team
was able to decide on changes to the documents by
consensus.
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Figure 3: Size of successive function lists.

2.5 Approaches and Methods (Strategy)

The initial phase of the project involved gathering data
on the application from the customer sub-team. No
structured method appeared appropriate during this phase,
and we simply took notes of their meetings with the
customers. Following that phase, we used brainstorming
to produce a decomposed list of CIS functions.

In parallel, a goal refinement strategy was adopted to
help understand the context for the requirements. The
objective was to identify missing requirements.

2.6 Data Gathered

All documents, discussions and commitments were
stored in Tuiqiao. The discussions were analyzed into
questions, answers and reasons. All meetings taking place
in the Cogent Room were videotaped.

3. Requirements Discussions

3.1 Synchronous and asynchronous discussions

Not surprisingly, the project started with synchronous
discussions (meetings), and then moved increasingly to
asynchronous and individual activities. More work effort
became devoted to commitment and expression activities
(deciding and re-writing) than discussion activities, which
dominated initially.

3.2 Discussion elements

Interactions differed in the numbers of questions raised
and resolved. Some interactions (e.g. FM4) had the
purpose of raising questions; others (e.g. GM3) had the

purpose of resolving them (making commitments); while
still others (e.g. CM1 and GM1) were opportunities to
present ideas or requirements for subsequent discussion.

Ref. Date Duration Details
CM1 June 15 1:05 Initial meeting with

representatives of
customer organization.

CM2 July 6 1:30 + 20
min.
current
product
demo.

Second meeting with
representatives of
customer organization.

FM1 July 26 1:07 Brainstorming to
produce function list.

FM2 Aug 3 1:35 Explanation of
function list and
further brainstorming

FM3 Aug 8 1:43 Partial decomposition
of function list.

FM4 Aug 17-
18

(e-mail) Informal review of
function list.

FM5 Aug 18 > 2 hours Completion of
function list
decomposition.

GM1 Aug 10 1:30 Explanation and walk
through of the goal
hierarchy.

GM2 Aug 11 1:11 Continued explanation
and walk through of
the goal hierarchy.

GM3 Aug 19 > 2 hours Discussion of
incorporation of
detailed functions from
FL4 into goal
hierarchy GH3.

USA fail Aug 17 0 Attempted video
conference to discuss
goal refinement
approach. Abandoned
because of video
equipment failure.
(Administrative
discussion continued
on audio for c. 1 hour).

USA
com-
ments

Aug 23 (e-mail) Implementation sub-
team's comments on
RD2.

CN com-
ments

Aug 25 (e-mail) Customer sub-team's
comments on RD2.

Table 2: Interactions during the case study

Discussion contributions were usually easy to
categorize as questions or answers, but sometimes the
differences were not as clear cut. A common ambiguity
was that between answers and reasons. Some answers
trivially answered yes/no questions, and so most of the
text of the answer was really an elaboration that could
easily have been categorized as a reason. For example:



FM2/FM3 A14: This has two advantages against
conventional [system]: (1) you can jump to related
entries, (2) this links to related entries (the
conventional one links only to synonyms).
Some discussion contributions contained questions,

answers and reasons. For example:
FM2/FM3 Q1: How to record anchors to items?

URL is not appropriate because still readers have to
find out the right one in the page corresponding to the
URL.

3.3 Discussion topics

Types of discussion topics: A tenet of the Inquiry
Cycle model is that requirements discussions are
discussions about requirements. That is, discussion
contributions are attached to a requirements document. But
some questions were so general that the topic was not
obvious. In such cases, the team attached the question to
the most general section in the document that seemed
appropriate.

Other questions were more specific, but about topics
not mentioned in the document. Questions about the
requirements process fall into this category.

Finally, a question could refer to a topic mentioned in
several places. A question the team returned to repeatedly
asked about the presentation of geographical information.
The word 'geographical' sometimes meant general
information about locations (e.g. neighborhood, distance
from consumer's address, etc.), but elsewhere it meant
cartographic information. Questions about 'maps' and
'geographical information' sprang up throughout the
document without coordination. The logical response
would be to attach a question to several requirements (and
Tuiqiao's annotation mechanism supports this). In
practice, though, this did not happen. It was too much
trouble to establish extra links.

Discussion / artifact ambiguity: Another tenet of
the Inquiry Cycle is the difference between expression and
discussion; there are documents and there are meetings to
discuss documents. Things are not so simple. Some
discussions became artifacts, and some artifacts mediated
discussions. The first function list exemplifies a document
starting out in a discussion. We brainstormed the potential
functions by answering the question: "What functions are
desired?" One could view this process as the proposal of
multiple answers followed by multiple commitments (a
change request to add a function for every selected answer)
but this is long-winded; what really happened was that the
discussion produced a document as it went along.

Another example of ambiguity between documents and
discussions occurred when one of the team sketched
possible screen layouts on the whiteboard. He was trying
to clarify the difference between map and geographic
information. Thus the sketch was supporting material or
part of an answer to a question concerning the difference
between these two concepts. But that same sketch,

polished and refined, was included in the Japanese
translation of the requirements document. It was now part
of a document.

3.4 Short Cuts

Sometimes we answered a question that was too
obvious to record. Sometimes we changed the document
without recording why. These short cuts are a natural
aspect of requirements discussions [9], and the CIS project
underlines the need to support them.

The implementation sub-team, which was almost cut
off from the discussions because of time zone differences
and technical problems, restricted its contributions to
proposed changes. Its members must have discussed these
requests before suggesting them, but they did not record
the discussions. This reveals the significance of
collocation and frequency of interaction. Team members
who have been part of a discussion can easily create notes
summarizing the reasoning so far. Because they have
participated closely in the discussion, they can allude to
ideas knowing that they will be understood. Team
members who are more isolated in space or time require
more comprehensive and carefully structured notes that
often still require verbal explanation.

3.5 Closure

Not all questions can or should be answered
immediately, and not all commitments are acted upon
immediately.

Resolution of Questions: Over one-third of the
questions raised during the requirements analysis activity
remained open by the time of the production of the draft
requirements document. There are several reasons for
questions remaining open.

Some questions remained open because they were about
the implementation, and could not be resolved until later.
For example:

FM4 Q7: Is this possible, because the features
are on the client-side - not the server side?
Other requirements, especially some about preferences

and priorities, had to be deferred until the customer
organization had been consulted. For example:

FM4 Q5: How high a priority is this and at what
stage does this facility need to be included?
Some questions could not be answered without further

work, such as a technical feasibility study, market
research, performance analysis, checking regulations, etc.
For example:

FM4 Q16: Can we/do we provide a mechanism
for making comparisons based on certain attributes
(e.g. price) which assist the purchase decision
making process [Requires consultation of
organizational regulations or procedures.]



Two questions remained open because they depended on
the resolution of other open questions. For example:

FM4 Q15: Does this [Reqt. 223] include the
purchase mechanism? [Depends on Q16 above].
There were no cases of questions that remained open

because they had been forgotten. Of course, there still may
have been questions raised during verbal discussion or
which team members thought of but failed to record. The
breakdown of the resolved and open questions is given
below in Table 3.

Status of question Number Percentage
of total
(open)

Resolved 26 63
Open (implementation) 5 (33)
Open (customer input) 5 (33)
Open (forgotten) 0 (0)
Open (dependent on others) 2 (14)
Open (require analysis) 3 (20)
Total open questions 15 37
Total questions 4 1 1 0 0

Table 3: Status of questions.

Two of the open questions referred to one requirement
concerning evaluation of services (such as restaurant or
movie reviews). This had been a major sticking point,
because of possible legal ramifications of providing third-
party evaluations as part of the required services. There
were no other "hot spots" in the requirements, however;
the remaining questions were fairly evenly spread through
the document.

Enactment of commitments: Most of the
commitments made during the course of the requirements
activity were acted upon. There are several reasons for
failing to act upon a commitment. Some answers were
indirect and did not translate into easily stated change
requests. For example:

FM2/FM3  Q3: Can we identify who accesses an
entry? And can we know how many times?

FM2/FM3  A17: Yes. We can identify who
accesses an entry each time.

Some commitments remained pending by the time
RD1 was completed. The reasons for commitments
remaining pending were similar to the reasons that some
questions remained open. A commitment might require
further input from the customer before it could be acted
upon or further analysis or other work before the
requirements can be changed. For example:

FM4 Q11: What accuracy is needed for the
coordinates? Would information about which district
the [service or product] location was in be sufficient
(i.e. no need for coordinates)?

FM4 A12: One of the goals is to use as a filter.
So we want to use coordinates or addresses to
determine proximity. If we are going to generate
maps automatically, we need greater precision, but
if the maps are drawn individually for each entry
(store) then [that is] not necessary.
Some commitments are too detailed to act upon until

the project gets further downstream, while other
commitments may be difficult to act on until other
commitments, upon which they are dependent, have been
finalized.

Table 4 lists the numbers of the kinds of pending and
enacted commitments at the time of production of RD1.

Commitment status Number %age total
pending)

Acted on 98 83
Indirect answers 10 8
Pending (too detailed) 4 (37)
Pending (customer input) 1 (12)
Pending (require analysis) 4 (37)
Pending (dependent) 1 (12)
Total pending 10 8
Total 1 1 8 1 0 0

Table 4: Status of commitments

3.6. Requirements Quality

Discussions and commitments can improve the
expression of requirements in numerous ways. In Table 5
we show the number of commitments reached that
improve the completeness, consistency and economy of
the requirements. Completeness improvements add
previously missing requirements. Consistency
improvements remove contradictory statements. Finally,
economy is the absence of 'gold plating' or unnecessary
requirements.

Quality
improvement

Source =
analysis
subteam

Source =
customer
sub-team

Total

Completeness 85 5 90
Consistency 5 0 5
Economy 1 2 3
Total 9 1 7 9 8

Table 5: Effects of commitments on requirements
qualities.

Most of the commitments made reflected the
recognition of previously missing requirements, most of
these by the analysis sub-team. Unsurprisingly, of the
three instances of gold plating two were found by the
customer sub-team.



4. Effects of Inquiry-Based Analysis and
Tools on Process

4.1 Analysis effort

Team members spent their time jointly and
individually as shown in Table 6. This figure includes all
analysis work, but excludes translation of English
documents into Japanese.

Team
member

Joint
effort

Individ.
effort

Total effort

1 9.5 11.5 20.0
2 9.0 11.0 20.0
3 12.5 9.5 22.0
4 12.5 3.0 15.5

Table 6: Case study effort.

In other words, we spent about half a person-week each
over a period of about a month on this project (although,
the initial interaction CM1 occurred much earlier than
this). Since the requirements activities of this project are
not yet complete, and more detailed functional
specifications and prototypes are likely to be produced, it
is not appropriate to compare this analysis as if it were
finished with the effort estimates for comparable
requirements practices [10].

We consciously adopted the Inquiry Cycle as a strategy
for our work. Most of the time team members knew what
they were discussing and kept track of open questions
diligently. This is not normal practice. While there were
many cases of meetings containing discussions that were
tangential to the explicit topic, we seldom had discussions
without clear purpose. Normally, we knew how resolved
or open the topic remained.

One explanation is that the note taker had more
influence than other participants over meeting discussions.
The note taker selected the appropriate Tuiqiao browsing
view and presented that to everyone's screen. Other team
members modulated the note taker’s influence by
suggesting topics for discussion, discussing the
categorization of discussion contributions, and generally
making explicit the inquiry-based nature of the discussion.
Note-taking rotated among two team members.

4.2 Coordination overhead

Coordination overheads, delays or extra effort that are
required not to help the analysis project make progress
directly so much as to maintain and service the tools and
methods used, were not the problem we expected. Some
were encountered, such as a meeting between the
implementors and the analysts that was abandoned when
the conferencing system failed.

4.3 Technology Use

Noticeable shifts in technology use occurred during the
10 weeks of the project. Although many types of tools
were useful throughout this period, the emphasis shifted
over time, an emphasis that reflects the tasks being
performed during expression, discussion and commitment
work. Table 7 provides details about the task and the
technological aids found most useful in the different
phases. Figure 4 summarizes the process followed and the
main phases and the sequence followed. (This is not meant
to imply that the phases were followed absolutely in the
sequence followed or that they should be.)

Phase Tasks Typical
properties

Tools

Famili-
arization
(CM1, CM2
/ CN1,
CN2)

Information
gathering.
Note taking.

Collab. but
collab. tools
would be too
intrusive.

Pen &
paper.
Word
processor.

Idea
exploration
(FM1, FM2,
FM3 / FL1,
FL2)

Brain-
storming
Inquiry
Exploration.

Collab., very
informal,
largely
synchronous.

Mtg.
room.
Tuiqiao.

Systematic
analysis
(GM1,
GM2, FM5
/ GH1,
GH2, GH3,
GH4, FL3,
FL4)

Refinement.
Scenario
analysis.

Collab. but
including
individual
work.

Mtg.
room.
Outline
processor.

Informal
review
(FM4, USA
fail, USA
comments,
CN)

Inquiry.
Scenario
analysis.

Exclusively
collab. Most
effective and
efficient when
asynchronous.

E-mail.

Document
preparation
(RD1, RD2)

Writing. Exclusively
individual.

Word/
document
processor.

Table 7: Summary of activity phases.

4.4 Assumptions about Mode of Use

Some of the tools required users to adopt specific
processes. Tuiqiao requires an assumption that discussion
is the annotation of a document. In practice this means
that the structure of the document drives the discussion.
For most of the time this ensured that discussions stayed
on track and the requirements were analyzed
systematically, but the assumption broke down during the



period between the production of FL1 and GH1. FL1, a
document produced as the result of an informal
brainstorming exercise, became the driving force behind
the discussion of the requirements. Because FL1 had not
been produced using a systematic method, there was a
danger that many fundamental issues would be overlooked.

Elaboration

Idea
Exploration

Systematic
Analysis

Informal
Review

Documentation

Familiarization

Figure 4: Summary of activity phases.

Tuiqiao supports short cuts, such as the attachment of
an answer or a change request to a requirement without the
need for an intermediate discussion. This is very valuable.
If users are forced to classify their discussion contributions
as "speech acts" then it essential that they do not also
have to obey an arbitrary speech act grammar. One
weakness of Tuiqiao, however, is that it does not support
questions that follow from a discussion. Nor does it
handle contributions that have no obvious anchoring
requirement. There is a need for free-floating discussion
contributions. This is related to Constantine's idea of a
parts bin, ideas that are not yet thought out, but may be
useful later [3].

5. Discussion and Future Work

5.1 Patterns of collaboration

During the requirements activity there was a trend from
work that was largely dominated by discussion to work
that was equally dominated by commitment and
expression tasks. Early discussions were free-floating and
led to the production of draft documents. Later discussions
tended to be grounded in the documents already produced.
Simultaneously, there was a trend from synchrony towards
asynchrony and individual work.

These trends affect the types of technology chosen and
the implications for technology designed to support the
tasks. The tools used during this project supported our
activities well, but the transition from one phase to the

next was not sudden or recognizable at the time it
occurred, and the often poorly integrated tools therefore
introduced discontinuities into the process and made it
difficult to keep track of information effectively.

Asynchronous and individual work generally require
more careful coordination than synchronous meetings, and
large specifications in projects with  formal change
control procedures do need to be controlled as rigorously
as source code. Not all individual or asynchronous
requirements work introduces uncontrollable
inconsistencies, however, and where documents are
informal the team must coordinate its efforts manually. In
the CIS project, it was necessary to embed all the
functions in the goal hierarchy and analyze the composite
document to check whether anything was missing, but
this required domain knowledge and was not a consistency
checking activity.

5.2 Structuring of discussions

The CIS project demonstrates that structures and
systems can aid requirements analysis long before
requirements can be expressed formally. But not all
structuring procedures are appropriate, timely or helpful.
For example, the eventual purpose of an interaction
(especially meetings) was not always the purpose intended
in advance. It is a mistake, therefore, to insist that
interactions be pre-structured or pre-planned as part of a
complex program of work.

Structuring discussion content can also be taken too
far. We distinguished three types of discussion
contribution: questions, answers, and reasons. Questions
and answers (or statements) are intuitively different speech
acts, but reasons are not obviously distinct from answers.
Nor are they obviously worth recording. We did not record
reasons, which is consistent with the finding that very few
questions raised during requirements meetings are 'why'
questions [5]. Insisting that discussants justify their
arguments simply conflicts with reasonable practice.

We conclude that only questions and statements (i.e.
answers to questions or assumptions about requirements)
are easily discriminated speech acts, and that tools
supporting discussion should not require (although they
could provide) a more elaborate discussion schema than
one providing these two types of discussion contribution.
This contrasts with the many attempts to refine IBIS
model to make it more formally expressive.

Not all discussion contributions are about
requirements, so the annotation metaphor of Tuiqiao needs
to be extended; but neither are all discussions disembodied,
as the network metaphor of gIBIS [2] suggests, so it is
also necessary to ground discussions in the topic
discussed. This contradiction implies that discussion and
commitment support tools should permit general, free-
floating discussion contributions, contributions that
annotate parts of existing documents, and contributions
that qualify existing discussions. Networks, annotations
and lists are all needed in different situations, and the



analyst should not be forced to choose a tool that only
provides one.

While careful categorization of the type of a discussion
contribution may not be as valuable proactively (i.e. to
the analyst) as it is retroactively (i.e. to a later
implementor or the researcher), categorizing the status of a
contribution is proactively useful. Classifying open
questions by the reasons why they are still open directly
suggests actions that team members might perform. The
types of questions can therefore be used as reminders of
outstanding work.

We have emphasized textual expression of
requirements, but we observed above how informal
sketches help mediate discussions while also acting as
nascent documents. Pictorial representations of
requirements 'talk back' [8] to the analyst more effectively
than textual descriptions, and they blur the distinction
between expression and discussion. The ambivalent role of
scenarios in earlier work [10] also stems from the concrete
portrayal of system behavior being at once a medium for
discussion and a description to be discussed. More work is
needed to study patterns of discussion and elaboration
when scenarios, mockups and other informal sketches play
a central role in the definition of requirements.

5.3 Requirements completeness

Simply keeping track of the number of functions
specified is a valuable indicator of completeness.
Although a requirements document cannot be shown to be
complete, analysts can become more confident about
completeness if the number of functions grows
asymptotically. When further discussion ceases to yield
many new insights (i.e. new or decomposed functions) it
is time to express and review the requirements more
formally. We are investigating the use of goal refinement
and scenario analysis in conjunction with the inquiry-
based approach as a way to estimate completeness of a set
of requirements against the enterprise goals [1].

5.4. Ongoing and Recent Evaluation projects

Unlike experimental studies, case studies, especially
those in which researchers are their own subjects, fail to
control for contextual variables that occur in real-world
projects. Thus, to reap the benefits of the case study
methodology (scale, complexity, and organizational
context), one must repeat case studies in different settings.
A previous paper [10] dealt with a demonstration of the
Inquiry Cycle rather than a pure case study. Other more
formal case studies are now under way.

One is a collaborative requirements annotation tool
being designed by the authors. This project also involves
Tuiqiao and meeting room technologies. However,
because much of the analysis is taking place at long
distance, greater use will be made of remote conferencing
tools and e-mail.

Finally, another much larger project in a US
engineering company is also being studied by the first
author, using a participant observation technique. This
project is designing a software infrastructure for a range of
future communication products.
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