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Abstract

The Inquiry Cycle is a generic process model for
conductingrequirementselaboration. It consistsof three
activities: requirements expression, discussion and
commitment.This paper describesan evaluation of the
Inquiry Cycle modelanda supporttool, Tuigiao, in the
requirementsanalysisphaseof a real project, a proposed
commercial consumer information service based on
Internet. The extent to which the discussion of
requirementdollows the Inquiry Cycle is analyzedusing
guantitative measures and qualitative classification
schemes, andffectsof adoptingan inquiry-basedstrategy
on patterns of collaboratioamongthe teammembersare
analyzed.The project gradually shifted from synchronous
meetings to asynchronous and individuadrk patterns.A
shift also occurredfrom an emphasison discussionto an
emphasis on commitment and expression. The
requirements elaboration process was consistent mibist
aspectsf the Inquiry Cycle, but analystsdid not record
reasonsfor requirementsThe paperconcludesvith some
recommendations for tool support.

1. Introduction
1.1 Requirements Analysis

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

A surveyof 23 developmenbrganizationd7] showed
that projectsin many applicationshavesimilar problems
with requirements, including:

(@) Organizational solutions (e.g. responsibility
assignmentand meeting facilitation) are more pertinent
than technological solutions (e.g. CASE tools).

(b) General-purpos¢echnology,not structuredCASE
technology, is customizedto keep track of informal
requirements-related information.

(c) Organizations under-invest in support atllication,

(d) Many requirementsare invented during product
design; for consumesroductsand softwareservices there
is no definitive source of customer requirements.

Most of these problems concern managing and
communicatinginformal information, not demonstrating
consistencycompletenesdeasibility or well-formedness
of a specification.

Waltz et al [12] studieda single project, the goal of
which was to develop a an object serf@ra development
environment.The team’s interactionsover a four-month
period were dominated by  domain-independent
communication and knowledge acquisition problems.
Team members forgot issues they had discussedor
remembered them differently, and made different
assumptions Meetings lacked facilitation and direction.
The requirementgrocess'shut down" when the project
ran out of time.

1.2 Inquiry-Based Requirements Analysis

Based on these empirical findingse havedevelopeda
requirementsanalysis 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
requirementglocumentsand domain-specificinformation,
scenarios, and enterprise goals.

(b) Discussionincludes formal meetings armifculation
of comments and individual annotation of requirements.

(c) Commitmentincludesmaking decisionsresulting
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
instantiationswith natural language text and scenario
descriptiondor expressiorandan extensionof IBIS (cf.

[2]) for discussions. Other instantiations are also possible.

The cycle is driven by scrutinizing expressed
requirements,so technology that allows hypertextual
attachmentof annotationsto parts of documentsshould
form the central feature of any tool support. Such a

so that analysts cannot effectively use the tools they have technology, Tuigiag has been designedand prototyped



[11]. Tuigiao is a single-user tool for annotating
requirements. Annotations are usuaijlyestionswhich in

turn leadto possible answers Answersmay be justified

with reasonsand may lead to change requests Tuigiao
storesall thesetypes of discussion contributions, the
links betweerthem, andlinks to the requirementsLinks

may be traversedusing severalbrowsing strategies,and
the designermay quickly retrieve lists and networks of

open questionsor pending commitments. Tuigiao is

implemented in Hypercard.

Expression

Stage 1

Commitment -« Discussion

Stage 2 @ Strategy

Stage n \
Figure 1: The Inquiry Cycle.

1.3 Empirical Investigation of
Requirements Analysis

Inquiry-Based

This paper describes an exploratory sttmlynvestigate
an inquiry-basedstrategyduring the requirementsanalysis
for a commercial Internet-basedconsumerinformation
service.lt is not a controlled experimentbecauseof the
unfeasibility of controlling the many extraneousfactors
that affect real projects. Our goal was to observethe
practicesand experienceof analysisandreport descriptive
guantitative data wherappropriatejn particularthe kinds
and number of questions raised over tithejr resolution,
and the effects on the resulting requirements.We also
wantedto assesshe impacton the collaborativeprocess
of consciously following an inquiry-based strategy.

Threesub-teamgatrticipatedin the project: Analysts
Customers and Implementors The four analysts, the
authors, were working in an office suburbanTokyo and
spokeJapanesand English. The four representativesf
the Customerswere in downtown Tokyo and spoke
Japanese. They really represent the development
organizationand actedas marketingconsultants The two
implementorswere in Mountain View, California, and
spoke Japanese and English.

2. Consumer Information Service (CIS)
Proj ect

2.1 The Application

The application(CIS) is a commerciallnternetservice
to augment paper-basedconsumerinformation sources
(e.g. directories, promotional literature, guidebooks).

2.2 Project Chronology

An application of the Inquiry Cycle consists of a
numberof 'unwound cycles,' each with an expression,
discussionand commitmentactivity. The chronology of
the CIS projectis shown in this way in Figure 2.
Rectangles represent documents, circles represent
discussions and trianglespresentlecisions.Solid arrows
show direct mappings; broken arrows show indirect
mappings.

2.3 Documents (Expression)

The CIS documentswere informal. Four types were
produced:

(1) Customernotes (CN): Notes producedduring and
after meetings with customers.

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

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

(4) Requirementdocument(RD). The requirements
documentwas an eight-pagenatural languagedocument
written in English and translated into Japanesefor
customer approval. Mvas derivedfrom the goal hierarchy
by: (a) linearizing theoutline into text; (b) describingthe
functionsin detail; and (c) reorderingand polishing the
presentation for stylistic reasons.

The documents are summarized in Table 1. The sizes
the documents and are given in the tabla: eachtype of
document,the size monotonically increasedfrom one
version to the next.

Counting functions, instead of words also shows a
monotonic increasefrom the first function list (FL1)

through the requirements document RDI'he numberof
functions is plotted in Figure 3.

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

The interactionsthat occurred during the project are
summarized in Table 2.

Thirteen interactions occurred, ten of which were
meetingsand three of which were e-mail conversations.
Tuigiao was availablein the electronicmeeting room on
all participant's screens. When Tuigiao was used (e
membertook noteson behalf of the team.In the caseof
two of the meetings(thosediscussingGH2 and GH3) an



outline processorwas used in the electronic meeting
room, andthe discussiomoteswere enteredinto Tuigiao
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 singl
phrases and words denoting desirable

functions. Produced using word processor

and copied into Tuigiao.

FL2

380

Revision of FL1 to include functions not
discussed in first meeting. Produced usin
word processor and copied into Tuigiao.

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
Tuigiao copy of Fl.

FLg

1,016

Function list with completed
decomposition of top-level functions.
Produced by editing Tuigiao copy of &L

GH1

n.a.

Initial goal hierarchy produced using
outline processor.

GHo

417

Goal hierarchy with all functions from BL

added as leaf nodes. Produced by editing
GH1 using outline processor.

GH3

538

Revision of GH taking account of
discussion. Produced by editing @ldsing

outline processor during discussion and
commitment meeting.

GHg

1,326

Revision of GH} incorporating
decomposed functions from gLProduced

using outline processor during discussio
and commitment meeting.

RD1

2,081

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

N
~

and

RD2

Japanese translation of RDProduced
using Japanese word processor.

Table 1: Documents produced during case study.

To discussrequirementsy e-mail, the analysissub-
teamadopteda conventionfor messagédeaderghat made

it obvious to

recipients what type of discussio

contributionwas containedin the e-mail messageand to
what it referred.

The electronicmeetingroom usedwas NTT's Cogent
Room|[6], a state-of-the-arelectronicmeetingroom. We
usedthe CogentRoom in restrictedways. For example,
Tuigiao and the outline processor are single-user taols,
collaborativeeditors, and so when thesewere used, one

n



team membewould "drive" while otherscould watchthe
display on their screens.

No special decision making tools or facilitation
strategieswere adopted.Becauseit was small, the team
was able to decide on changesto the documentsby
consensus.

Number of
(sub)functions
150 I
— gy 143
100 F / 118
50 .'/' 57
39
0 1 1 1 ]
FL1 FL2 FL3 FL4 RD1

Document
Figure 3: Size of successive function lists.

2.5 Approaches and Methods (Strategy)

The initial phase ofhe projectinvolved gatheringdata
on the application from the customer sub-team. No
structuredmethodappearedappropriateduring this phase,
and we simply took notes of their meetingswith the
customersFollowing that phase we usedbrainstorming
to produce a decomposed list of CIS functions.

In parallel,a goal refinementstrategywas adoptedto
help understandthe context for the requirements.The
objective was to identify missing requirements.

2.6 Data Gathered

All documents,discussionsand commitments were
stored in Tuigiao. The discussionswere analyzed into
guestions, answers and reasdis. meetingstaking place
in the Cogent Room were videotaped.

3. Requirements Discussions
3.1 Synchronous and asynchronous discussions

Not surprisingly, the projectstartedwith synchronous
discussiongdmeetings),and then moved increasingly to
asynchronousindindividual activities. More work effort
becamedevotedto commitmentand expressionactivities
(decidingandre-writing) than discussioractivities, which
dominated initially.

3.2 Discussion elements

Interactionsdiffered in the numbersof questionsraised
and resolved. Some interactions (e.g. FM4) had the

purposeof raising questions;others (e.g. GM3) had the

purpose ofresolvingthem (making commitments) while
still others(e.g. CM1 and GM1) were opportunitiesto

present ideas or requirements for subsequent discussion.

Details

Initial meeting with
representatives of
customer organizatiof
Second meeting with
representatives of
customer organizatiof

Duration
1:05

Ref. Date
CM1 June 15

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

1:07

FM1 July 26 Brainstorming to
produce function list.
Explanation of
function list and
further brainstorming
Partial decomposition
of function list.

Aug 17- | (e-mail) Informal review of

18 function list.

Aug 18 | > 2 hours | Completion of
function list
decomposition.
Explanation and walk
through of the goal
hierarchy.

Continued explanatiop
and walk through of
the goal hierarchy.
Discussion of
incorporation of
detailed functions fron
FL4 into goal
hierarchy GH.

Attempted video
conference to discuss
goal refinement
approach. Abandoned
because of video
equipment failure.
(Administrative
discussion continued
on audio for c. 1 hour)
Implementation sub-
team's comments on
RD2.

Customer sub-team's
comments on RP.

FM2 Aug 3 1:35

FM3 Aug 8 1:43

FMg

FMg

GM1 Aug 10 | 1:30

GM2o Aug 11 | 1:11

GM3 Aug 19 | > 2 hours

USAfail | Aug17 | O

USA Aug 23
com-

ments
CN com-| Aug 25
ments

(e-mail)

(e-mail)

Table 2: Interactions during the case study

Discussion contributions were usually easy to
categorizeas questionsor answers,but sometimesthe
differenceswere not as clear cut. A common ambiguity
was that betweenanswersand reasons.Some answers
trivially answeredyes/no questions,and so most of the
text of the answerwas really an elaborationthat could
easily have been categorized as a reason. For example:



FMo/FM3 Al4: This hastwo advantagesagainst

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,
answersandreasons. For example:
FM2/FM3 Q1: How to record anchorsto items?

URL is not appropriatebecausestill readershave to
find out the right one in the page correspondingtie
URL.

3.3 Discussion topics

Types of discussion topics: A tenetof the Inquiry
Cycle model is that requirements discussions are
discussions about requirements. That is, discussion
contributions are attached to a requiremelaisument But
some questionswere so generalthat the topic was not
obvious. In suchcasesthe teamattachedhe questionto
the most general section in the documentthat seemed
appropriate.

Other questionswere more specific, but about topics
not mentionedin the document. Questions about the
requirementgrocesdall into this category.

Finally, a questioncould referto a topic mentionedin
severalplaces.A questionthe teamreturnedto repeatedly
askedaboutthe presentatiorof geographicalnformation.
The word 'geographical' sometimes meant general
information about locations (e.g. neighborhood distance
from consumer'saddress,etc.), but elsewhereit meant
cartographicinformation. Questions about 'maps' and
‘geographical information' sprang up throughout the
document without coordination. The logical response
would be to attacla questionto severalrequirementgand
Tuigiao's annotation mechanism supports this). In
practice,though, this did not happen.Ilt was too much
trouble to establish extra links.

Discussion / artifact ambiguity: Anothertenet of
the Inquiry Cycle ighe differencebetweenexpressiorand
discussionthereare documentsandthereare meetingsto
discussdocuments.Things are not so simple. Some
discussiondecameartifacts, and some artifacts mediated
discussions. The first function list exemplifieslacument
starting out in a discussion. We brainstormedgbeential
functions byansweringthe question:"What functionsare
desired?'One could view this processas the proposalof
multiple answersfollowed by multiple commitments(a
change request to addwnction for every selectedanswer)
but this is long-winded; what really happengds that the
discussion produced a document as it went along.
Another example oambiguity betweendocumentsand
discussionsoccurred when one of the team sketched
possible screetayoutson the whiteboard.He wastrying
to clarify the difference between map and geographic
information. Thus the sketchwas supporting material or
part of an answerto a questionconcerningthe difference
between these two concepts. But that same sketch,

polished and refined, was included in the Japanese
translation of the requiremend®cumentIt wasnow part
of a document.

3.4 Short Cuts

Sometimeswe answereda question that was too
obviousto record.Sometimeswe changedthe document
without recording why. These short cuts are a natural
aspect of requirements discussions [9], anddt project
underlines the need to support them.

The implementationsub-team,which was almost cut
off from the discussiondecausef time zone differences
and technical problems, restricted its contributions to
proposed changes. lisembersmust havediscussedhese
requestdeforesuggestinghem, but they did not record
the discussions. This reveals the significance of
collocation and frequencyof interaction. Team members
who have been part ofdiscussioncan easily createnotes
summarizingthe reasoningso far. Becausethey have
participatedcloselyin the discussion,they can allude to
ideas knowing that they will be understood. Team
memberswho are moreisolatedin spaceor time require
more comprehensiveand carefully structurednotes that
often still require verbal explanation.

3.5 Closure

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

Resolution of Questions: Over one-third of the
guestiongraisedduring the requirementsanalysisactivity
remainedopenby the time of the productionof the draft
requirementsdocument. There are several reasons for
guestions remaining open.

Some questions remained open because theyaten
the implementation, andould not be resolveduntil later.
For example:

FMg Q7: Is this possible, becausethe features

are on the client-side - not the server side?

Otherrequirementsespeciallysome 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 andt what
stage does this facility need to be included?
Somequestionscould not be answeredvithout further

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

FM4 Q16: Canwe/dowe provide a mechanism

for making comparisondasedon certain attributes
(e.g. price) which assist the purchase decision
making process [Requires consultation of
organizational regulations or procedures.]



Two questions remained open because tlependedn

the resolution of other open questions. For example:
FMg4 Q15: Does this [Reqt. 223] include the

purchase mechanism? [Depends on Q16 above].

Therewere no casesof questionsthat remainedopen
because they had been forgotten. Of course, therensill
have been questionsraised during verbal discussionor
which team memberghoughtof but failed to record.The
breakdownof the resolvedand open questionsis given
below in Table 3.

FMg4 A12: One of thegoalsis to useas a filter.

So we want to use coordinates or addressesto

determineproximity. If we are going to generate

mapsautomatically,we needgreater precision, but

if the mapsare drawn individually for each entry

(store) then [that is] not necessary.

Somecommitmentsaretoo detailedto act upon until
the project gets further downstream, while other
commitmentsmay be difficult to act on until other
commitments,upon which they are dependenthavebeen
finalized.

Status of question Numbel Percentage Table 4 lists the numbersof the kinds of pendingand
of total enacted commitments at the time of production of RD
(open)
Resolved 26 63
Open (implementation) 5 (33) Commitment status Number| %age total
Open (customer input) 5 (33) pending)
Open (forgotten) 0 ) Acted on 98 83
Open (dependent on others) | 2 (14) Indirect answers 10 8
Open (require analysis) 3 (20) Pending (too detailed) 4 37)
Total open guestions 15 37 Pending (customer input) 1 (12)
Total guestions 41 100 Pending (require analysis) | 4 37)
Pending (dependent) 1 (12)
Table 3: Status of questions. Total pending 10 8
Total 118 100

Two of the openquestiongeferredto one requirement
concerningevaluationof services(such as restaurantor
movie reviews). This had beena major sticking point,
because of possiblegal ramificationsof providing third-
party evaluationsas part of the requiredservices. There
wereno other"hot spots” in the requirementshowever,;
the remaining questiongerefairly evenly spreacthrough
the document.

Enactment of commitments: Most of the
commitmentsmadeduring the courseof the requirements
activity were actedupon. There are several reasonsfor
failing to act upon a commitment. Some answerswere
indirect and did not translateinto easily stated change
requests. For example:

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

FM2o/FM3 A17: Yes. We can identify who
accesses an entry each time.

Some commitmentsremained pending by the time
RD1 was completed. The reasonsfor commitments
remainingpendingwere similar to the reasonghat some
guestionsremainedopen. A commitment might require
further input from the customerbeforeit could be acted
upon or further analysis or other work before the
requirements can be changed. For example:

FMg4 Q11: What accuracy is neededfor the
coordinates? Would information abowhich district
the [service or product] locatiomasin be sufficient
(i.e. no need for coordinates)?

Table 4: Status of commitments
3.6. Requirements Quality

Discussions and commitments can improve the
expression of requiremenits numerousways. In Table5
we show the number of commitments reached that
improve the completenessgonsistencyand economy of
the requirements. Completeness improvements add
previously  missing requirements.  Consistency
improvementsremove contradictorystatements.Finally,
economyis the absenceof 'gold plating' or unnecessary
requirements.

Quality Source = Source = Total
improvement| analysis customer
subteam sub-team
Completeness| 85 5 90
Consistency 5 0 5
Economy 1 2 3
Total 91 7 98

Table 5: Effects of commitments on requirements
qualities.

Most of the commitments made reflected the
recognitionof previously missing requirementsmost of
theseby the analysis sub-team.Unsurprisingly, of the
three instancesof 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 ifTable 6. This figure includesall
analysis work, but excludes translation of English
documents into Japanese.

Team Joint Individ. Total effort
member] effort 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 halperson-weeleach
over a period ohbouta month on this project (although,
the initial interaction CM1 occurred much earlier than
this). Sincethe requirementsctivities of this project are
not yet complete, and more detailed functional
specificationsand prototypesarelikely to be produced,t
is not appropriateto comparethis analysisas if it were
finished with the effort estimates for comparable
requirements practices [10].

We consciously adopted the InquiBycle as a strategy
for our work. Most of the timéeammembersknew what
they were discussingand kept track of open questions
diligently. This is not normal practice.While there were
many casesof meetingscontainingdiscussionghat were
tangential to the explicit topic, we selddmad discussions
without clearpurpose .Normally, we knew how resolved
or open the topic remained.

One explanationis that the note taker had more
influence than other participants over meetigcussions.
The note taker selectedhe appropriateTuigiao browsing
view and presentedhat to everyone'sscreen.Other team
members modulated the note taker's influence by
suggesting topics for discussion, discussing the
categorizationof discussioncontributions,and generally
making explicit the inquiry-based naturetbg discussion.
Note-taking rotated among two team members.

4.2 Coordination overhead

Coordinationoverheadsdelaysor extra effort that are
requirednot to help the analysisproject make progress
directly somuch asto maintainandservicethe tools and
methodsused,were not the problem we expected.Some
were encountered,such as a meeting between the
implementorsandthe analyststhat was abandonedvhen
the conferencing system failed.

4.3 Technology Use

Noticeable shifts in technologyse occurredduring the
10 weeksof the project. Although many types of tools
were useful throughoutthis period, the emphasisshifted
over time, an emphasisthat reflects the tasks being
performedduring expressiondiscussionand commitment
work. Table 7 provides details about the task and the
technological aids found most useful in the different
phases. Figure 4 summarizes girecesdollowed andthe
main phases and the sequence followed. (This isneaint
to imply that the phaseswverefollowed absolutelyin the
sequence followed or that they should be.)

Phase Tasks Typical Tools

properties

Famili- Information | Collab. but | Pen &

arization gathering. | collab. tools | paper.

(CM1, CM2 | Note taking.| would be too | Word

/ CNp, intrusive. processor.

CNp)

Idea Brain- Collab., very | Mtg.

exploration | storming informal, room.

(FM1, FM2, | Inquiry largely Tuigiao.

FM3/ FL1, | Exploration.| synchronous.

FL2)

Systematic | Refinement.| Collab. but | Mtg.

analysis Scenario including room.

(GM1, analysis. individual Outline

GM>2, FMsg work. processor.

/ GHq,

GH2, GHg,

GHg, FL3,

FL4)

Informal Inquiry. Exclusively | E-mail.

review Scenario collab. Most

(FMy4, USA | analysis. effective and

fail, USA efficient when

comments, asynchronoud

CN)

Document | Writing. Exclusively | Word/

preparation individual. document

(RD1, RD2) processor.

Table 7: Summary of activity phases.

4.4 Assumptions about Mode of Use

Some of the tools required users to adopt specific
processesTuigiao requiresan assumptiorthat discussion
is the annotationof a document.In practicethis means
that the structureof the documentdrives the discussion.
For mostof the time this ensuredhat discussionstayed
on track and the requirements were analyzed
systematically, but the assumption bral@vn during the



period betweenthe productionof FL1 and GH1. FL1, a

document produced as the result of an informal
brainstormingexercise,becamethe driving force behind
the discussiorof the requirementsBecauseFL1 had not

been producedusing a systematicmethod, there was a

danger that many fundamental issues would be overlooke

Familiarization

v

[dea Systematic

Exploration }/Sls
\ Informal
Review

v

Documentation
Figure 4: Summary of activity phases.

Elaboration

Tuigiao supportshort cuts, suchas the attachmenbf
an answer or a change request to a requiremignbut the
need for an intermediate discussidiis is very valuable.
If users are forced to classify their discusstomtributions
as "speechacts" then it essentialthat they do not also
have to obey an arbitrary speechact grammar. One
weakness of Tuigiao, howevas, that it doesnot support
guestionsthat follow from a discussion.Nor does it
handle contributions that have no obvious anchoring
requirement.Thereis a needfor free-floating discussion
contributions. This is relatedto Constantine'sdea of a
parts bin, ideasthat are not yet thoughtout, but may be
useful later [3].

5. Discussion and Future Work
5.1 Patterns of collaboration

During the requirements activity there weasrend from
work that was largely dominatedby discussionto work
that was equally dominated by commitment and
expressiortasks. Early discussionsvere free-floating and
led to the production of draftocumentsLater discussions
tendedto be groundedin the documentsalready produced.
Simultaneously, there was a trend from synchrtomyards
asynchrony and individual work.

These trendsiffect the typesof technologychosenand
the implications for technologydesignedto supportthe
tasks. The tools usedduring this project supportedour
activitieswell, but the transition from one phaseto the

next was not suddenor recognizableat the time it
occurred,and the often poorly integratedtools therefore
introduceddiscontinuitiesinto the processand made it
difficult to keep track of information effectively.
Asynchronousand individual work generally require

gmore careful coordination thasynchronousneetings,and

large specificationsin projects with  formal change
control procedureslo needto 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 @fforts manually.In
the CIS project, it was necessaryto embed all the
functions in thegoal hierarchyand analyzethe composite
documentto check whetheranything was missing, but
this required domain knowledge an@s not a consistency
checking activity.

5.2 Structuring of discussions

The CIS project demonstratesthat structures and
systems can aid requirements analysis long before
requirementscan be expressedformally. But not all
structuringproceduresre appropriate timely or helpful.
For example, the eventual purpose of an interaction
(especially meetings) was not alwape purposeintended
in advance.lt is a mistake, therefore, to insist that
interactionsbe pre-structurecor pre-plannedas part of a
complex program of work.

Structuring discussioncontentcan also be taken too
far. We distinguished three types of discussion
contribution: questions,answers,and reasons.Questions
and answers (or statements) arelitively different speech
acts, but reasons amn®t obviously distinct from answers.
Nor are they obviously worth recording. Viliel not record
reasons, which is consistent with the finding that Vewy
guestionsraised during requirementsmeetings are ‘why'
guestions[5]. Insisting that discussantsjustify their
arguments simply conflicts with reasonable practice.

We concludethat only questionsand statementg(i.e.
answerdo guestionsor assumptionsabout requirements)
are easily discriminated speech acts, and that tools
supporting discussionshould not require (although they
could provide) a more elaboratediscussionschemathan
one providing thesewo typesof discussioncontribution.
This contrastswith the many attemptsto refine IBIS
model to make it more formally expressive.

Not all discussion contributions are about
requirements, so the annotation metaphorwéjiao needs
to be extended; but neither are all discussitisembodied,
asthe network metaphorof gIBIS [2] suggestsso it is
also necessaryto ground discussionsin the topic
discussedThis contradictionimplies that discussionand
commitmentsupporttools should permit general, free-
floating discussion contributions, contributions that
annotateparts of existing documents,and contributions
that qualify existing discussionsNetworks, annotations
and lists are all neededin different situations, and the



analystshouldnot be forcedto choosea tool that only
provides one.

While careful categorization of thtgpe of a discussion
contributionmay not be as valuable proactively (i.e. to
the analyst) as it is retroactively (i.e. to a later
implementor or the researcher), categorizingstatusof a
contribution is proactively useful. Classifying open
guestionsby the reasonsvhy they arestill open directly
suggestsactionsthat teammemberamight perform. The
typesof questionscan thereforebe usedas remindersof
outstanding work.

We have emphasized textual expression of
requirements,but we observed above how informal
sketcheshelp mediate discussionswhile also acting as
nascent documents. Pictorial representations of
requirements 'talk back’ [8] tine analystmore effectively
than textual descriptions,and they blur the distinction

between expression and discussion. The ambivalenbfole

scenarios in earlier work [10] also stems frtme concrete
portrayalof systembehaviorbeing at oncea mediumfor
discussion and a description to be discusktate work is
neededto study patternsof discussionand elaboration
when scenarios, mockups and other informal sketplags
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 cannoshewnto be
complete, analysts can become more confident about
completenessif the number of functions grows
asymptotically. When further discussionceasesto yield

many new insights (i.e. new or decomposedunctions)it

is time to expressand review the requirementsmore
formally. We areinvestigatingthe use of goal refinement
and scenarioanalysisin conjunction with the inquiry-

based approach as a way to estintat@pletenessf a set
of requirements against the enterprise goals [1].

5.4. Ongoing and Recent Evaluation projects

Unlike experimentalstudies, case studies, especially
thosein which researcheraretheir own subjects,fail to
control for contextualvariablesthat occur in real-world
projects. Thus, to reap the benefits of the case study
methodology (scale, complexity, and organizational
context), one must repeat case studiedifferent settings.
A previouspaper[10] dealt with a demonstratiorof the
Inquiry Cycle ratherthan a pure casestudy. Other more
formal case studies are now under way.

One is a collaborative requirementsannotation tool
being designedby the authors.This projectalso involves
Tuigiao and meeting room technologies. However,
becausemuch of the analysisis taking place at long
distance greaterusewill be madeof remoteconferencing
tools and e-mail.

Finally, another much larger project in a US
engineeringcompanyis also being studied by the first
author, using a participant observationtechnique. This
project is designing a software infrastructuredamangeof
future communication products.
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