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Abstract

The Inquiry Cycle is ageneric processnodel for conductingequirements elaboration. ltonsists ofthree
activities: requirementsexpression, discussicand commitment. Thigpaperdescribes arevaluation of thelnquiry
Cycle model and a support tool, Tuigiao, in the requirements analysis phase of a real prpjeppsed commercial
consumer informatioservicebased oninternet. The extent to which the discussion refuirementsfollows the
Inquiry Cycle is analyzed using quantitatireeasuresand qualitative classificatiorschemesand effects ofadopting
an inquiry-based strategy on patterns of collaboraimnong the team membeage analyzed.The project gradually
shifted from synchronous meetingsasynchronousnd individual work patterns. Ashift also occurredfrom an
emphasis on discussion to an emphasic@mmitmentand expression. Theequirements elaboration process was
consistent with mosaspects othe Inquiry Cycle, butanalystsdid not record reasonsfor requirementsThe paper

concludes with some recommendations for tool support.

IThis paper is a revised and extended version of a paper publistieel fnoceedings ofhe Second International

Symposium on Requirements Engineering, (York, United Kingdom, April, 1995).



1. Introduction
1.1 Requirements Analysis

Requirementsaanalysis inpractice is always aexploratory, learning experience.Because ofthis, the most
significant practical problems faced by design teams during requirementsanalysis concern the creation,

communication and management of informal ideas.

A survey of 23 development organizations $fipwedthat projects in many applicatiomsvesimilar problems

with requirements, including:

(a) Organizationakolutions (e.g. responsibility assignmeutsd meeting facilitation)are more pertinent than

technological solutions (e.g. CASE tools).

(b) General-purposéechnology, notstructuredCASE technology, iscustomized to keep track of informal

requirements-related information.

(c) Organizations under-invest supportandeducation, sahat analysts cannddffectively use the toolshey

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 problemgoncern managing and communicating informal information, notlemonstrating

consistency, completeness, feasibility or well-formedness of a specification.

Waltz et al [12] studied a single project, the goal of which wadet@lop a arobjectserver for adevelopment
environment. The team’s interactions over a four-momiriod were dominated by domain-independent
communication and knowledge acquisition problems. Team members forgot issues tiisgussttd oremembered
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 onthese empirical findings, we hadeveloped aequirementsanalysis procesmodel and strategy, the

Inquiry Cycle(Figure 1) according to which three activities repeat under the control of a strategy.

(a) Expressionis the proposing or writing ofequirements-relateihformation. Thisincludes requirements

documents and domain-specific information, scenarios, and enterprise goals.



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

(c) Commitmentncludes making decisions resulting from discussion, sudhasge requests, agreements about

terminology, commitments to seek missing information, etc.

The Inquiry Cycle applies to mamgquirementsnethods. Previoupapers[9,10] discuss possiblmstantiations
with natural language text and scenario descriptions for expression and an extension of IBIS (cfd[@usmions.

Other instantiations are also possible.

The cycle is driven by scrutinizing expressed requirements, so techribltiggilows hypertextual attachment of
annotations to parts of documents should formcémtral feature ofny tool support. Such a technologwiqiao
has beerdesigned angrototyped [11].Tuigiao is a single-usdpol for annotating requirement&nnotations are
usuallyquestionswhich in turnlead topossibleanswers Answers may be justifiedith reasonsandmay lead to
change request§ uigiao stores all these types of discussion contributions, the btikeeenthem, andlinks to the
requirements. Links may keaversedising severalbrowsing strategiesandthe designemay quicklyretrievelists

and networks of open questions or pending commitments. Tuigiao is implemented in Hypercard.
Expression

Stage 1

Commitment -« Discussion

Stage 2 49 >‘ Strategy

Stage n \

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 strategyheéueggirementanalysis
for a commercialnternet-basedonsumer information service. It isot a controlled experimenbecause of the
unfeasibility of controlling the mangxtraneous factorthat affect realprojects. Our goal was tobserve the
practices and experience of analysis and report descriptive quantilativevhereappropriate, in particular thiénds
andnumber of questionsaisedovertime, their resolutionandthe effects onthe resultingrequirements. We also

wanted to assess the impact on the collaborative process of consciously following an inquiry-based strategy.



Three sub-teamspatrticipated inthe project:Analysts Customers and Implementors The four analysts, the
authors, were working in an office in suburban Tolaym spokeJapanesand English. Thefour representatives of
the Customers were in downtown Tokyo and spoke Japanese. They really represent the development organization and
acted as marketing consultants. The two implementers in Mountain View, California,andspokeJapanese 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 d&inwound cycles,'each with an expression,
discussionand commitment activity. The chronology of the Cl&oject is shown inthis way in Figure 2.
Rectangles represent documents, circles repressmissionsaindtrianglesrepresentdecisions. Solidarrows show

direct mappings; broken arrows show indirect mappings.

2.3 Documents (Expression)
The CIS documents were informal. Four types were produced:
(1) Customer notes (CNINotes 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 docume(RD): The requirements documentas an eight-page natural languadgcument
written in English and translated into Japanese for customer approval. dierasifrom the goalhierarchyby: (a)
linearizing the outline into text(b) describingthe functions in detailand (c) reorderingand 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 4)sth(eugh

the requirements document (RDThe 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 wirielr-mail conversationstuigiao

was available in the electronic meeting room on all participant's screens. When Tuigiao was used, o@entzam
took notes orbehalf of theteam. In thecase oftwo of the meetings (those discussing £G&hd GH) an outline

processor was used in the electronic meeting room, and the discussion notes were entered into 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 single phrases and words denoting
desirable functions. Produced using word processor and copied into
Tuigiao.

FLo 380 Revision of FL1 to include functions not discussed in first meeting.
Produced using 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 FL2.

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

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

GHa2 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.

GHg 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 appeatr; (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-sefpted aconvention for messageeaderghat made it
obvious to recipients what type of discussion contribution eagained inthe e-mail messagand to what it

referred.

The electronic meeting roonsedwas NTT'sCogentRoom[6], a state-of-the-art electronimeeting room. We
used the Cogent Room in restricted ways. For example, Tuagidthe outlineprocessomre single-usettools, not

collaborative editorsand sowhen thesevere used, one team member woultitive" while otherscould watch the

display on their screens.

No special decision making tools or facilitation strategies were addpéeduse itwas small, the team wable

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 gatheridgta onthe application from the customer sub-team. No
structured methodppearedppropriate duringhis phaseand wesimply 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 wadopted tohelp understandhe context for theequirements. The

objective was to identify missing requirements.

2.6 Data Gathered

All documents, discussionand commitmentswere stored inTuigiao. The discussionsere analyzednto

guestions, 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 projeditartedwith synchronous discussions (meetings)dthen movedincreasingly to
asynchronousindindividual activities. More workeffort becamedevoted tocommitmentand expression activities

(deciding and re-writing) than discussion activities, which dominated initially.
3.2 Discussion elements

Interactionsdiffered in the numbers of questionmaised andresolved.Some interactions (e.g. I\ had the
purpose of raising questions; others (e.g. pMadthe purpose of resolving them (making commitments); while

still others (e.g. CMl and GM) 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.| Second meeting with representatives of customer

current organization.
product
demo.

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.

FMg Aug 17-18 (e-mail) Informal review of function list.

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

ments

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

ments

Table 2: Interactions during the case study

Discussion contributions were usually easycétegorize agjuestions or answers, but sometimes differences
were not as clear cut. A common ambiguity was that between answers and reasonanseengrivially answered
yes/no questionsand somost of the text of thenswerwas really an elaboration thabuld easily havebeen

categorized as a reason. For example:

FM2/FM3 A14: This has two advantages against conventional [system]: (1¢amoump to relatedentries,

(2) this links to related entries (the conventional one links only to synonyms).

Some discussion contributions contained questions, anawergasons. 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 thelnquiry Cycle model is that requirementsdiscussions are

discussionsiboutrequirements. That is, discussion contributions are attachedegusmements documerBut some



guestions were so general that the topic was not obvious. In such cases, th#ag@mahe question to thenost

general section in the document that seemed appropriate.

Other questionsvere more specific, but about topics notentioned in the documenQuestions about the

requirementprocesdall into this category.

Finally, a question could refer to a topiwentioned in severgllaces. A question the teamturned to repeatedly
askedabout the presentation afeographicalinformation. Theword 'geographical' sometimes meagéneral
information about locations (e.g. neighborhoditancefrom consumer'saddressetc.), butelsewhere it meant
cartographic information. Questions about 'maps' and 'geographical information' sprang up througimitntieat
without coordination. The logicalesponse would be to attach a question to several requiretaadtSuigiao'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 thdnquiry Cycle is thedifferencebetween expression and
discussion; therare documentsand there are meetings to discuss documents. Thirgge not so simple. Some
discussionbecamaeartifacts, and some artifagtsediateddiscussions. The first functidist exemplifies adocument

starting out in a discussion. We brainstormed the potential functions by answering the question: "What functions are
desired?'One couldview this process as the proposal miiltiple answers followed bymultiple commitments (a

change request to add a function for every selected answer) but this is long-winded; whiaappeaihedvas that the

discussion produced a document as it went along.

Another example of ambiguitpetween documentand discussionsoccurredwhen one of the teamsketched
possiblescreenlayouts on thewhiteboard. He wasrying to clarify the difference betweenmap and geographic
information. Thus the sketch was supporting material or part ahawer to a question concernitige difference
between these two concepts. But that same sketch, pohskedfined, wasincluded inthe Japaneséranslation 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. Sometichesgeethe documentwithout
recording why. Thesghort cutsare a natural aspect of requiremettitcussions [9]andthe CIS projectunderlines

the need to support them.

The implementation sub-team, which was almost cut off from the discudstoaase ofime zonedifferences
andtechnicalproblems,restrictedits contributions toproposedchanges. Its members musave discussed these
requests before suggesting them, but they did not record the discussion®veéhisthe significance of collocation

and frequency of interaction. Team members who have been part of a discussanilganeatenotes summarizing



the reasoning so far. Because they have participated closely in the discussiamanth#yde to ideaknowing that
they will be understood. Teat€members whare more isolated irspace ortime 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 ofthe questiongaisedduring the requirementsanalysis activity
remainedopen by the time of th@roduction of thedraft requirements documenthere areseveral reasons for

guestions remaining open.

Some questions remained open because they were about the implementation, and covdsaioedentil later.

For example:

FMg Q7: Is this possible, because the features are on the client-side - not the server side?

Other requirements, especiapme aboupreferences angriorities, had to bedeferreduntil 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 studyeseamabt,

performance analysis, checking regulations, etc. For example:

FMg4 Q16: Can we/do werovide amechanism fomaking comparisonshased oncertain attributes (e.g.

price) which assist thpurchasedecisionmaking process [Requiresonsultation oforganizational 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 tieatainedopenbecausahey hadbeenforgotten. Of coursetherestill may
have been questiomaisedduring verbal discussion or which team memhthisught of butfailed 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 41 100

Table 3: Status of questions.

Two of the open questioneferred toone requirement concerningvaluation of services (such as restaurant or
movie reviews). Thidxadbeen a majosticking point,because opossible legal ramifications of providinthird-
party evaluations as part of the required services. Twere noother "hot spots" in theequirements, however; the

remaining questions were fairly evenly spread through the document.

Enactment of commitments: Most of the commitmentsnadeduring the course ofthe requirementsactivity
were acted upon. There are several reasons for failing to act upon a commitment. Somevarswedirectand 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 Al7: Yes. We can identify who accesses an entry each time.

Some commitments remained pending by the timg RBs completed. The reasons émmmitmentsremaining

pending were similar to the reasons that some questomsnedopen. A commitment mightequirefurther input
from the customebefore it could beactedupon orfurther analysis or other workefore the requirements can be

changed. For example:

FM4 Q11: What accuracy is needed for the coordinates? Would information about which thstfedrvice

or product] location was in be sufficient (i.e. no need for coordinates)?

FMg4 Al12: One of the goals is to use as a filter. So we want tacamelinates oraddresses taletermine

proximity. If weare going to generatemaps automatically, waeed greatemprecision, but if the maps are

drawn individually for each entry (store) then [that is] not necessary.

Some commitmentsre too detailed toact uponuntil the project getsfurther downstreamwhile other
commitments may belifficult to act onuntil other commitments, upon which theye dependenthave been

finalized.



Table 4 lists the numbers of the kinds of pending and enacted commitments at the time of productipn of RD

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 118 100

Table 4: Status of commitments

3.6. Requirements Quality

Discussionsand commitmentscanimprove the expression oéquirements inrnumerous ways. In Table 5 we
show the number of commitmentsachedthat improve the completeness, consisteaog economy of the
requirements. Completeness improvements add previously missing requirements. Consistency improxyaments

contradictory statements. Finally, economy is the absence of 'gold plating' or unnecessary requirements.

Quality improvement Source = Source = Total
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 commitmenteade reflectedhe recognition of previously missingquirementsmost of these by
the analysis sub-team. Unsurprisingly, of theee instances of golalating twowere found bythe customer sub-

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

Team members spent théime jointly andindividually as shown in Table 6lhis figure includesall 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 miwghpmject (although,
the initial interaction CM occurred much earlier than this). Since teguirementsctivities of thisprojectare not
yet complete,and more detailed functional specificationsand prototypesare likely to be produced, it is not
appropriate to compatthis analysis as if itwere finished with the effort estimates forcomparable requirements

practices [10].

We consciously adopted the Inquiry Cycle as a strategy for our work. Most of the time team membeaxvhdnew
they were discussing and kept track of open questions diligently. This is not normal practice. Whileetbenany
cases ofmeetings containing discussions thedre tangential to the explicit topic, wseldomhad discussions

without clear purpose. Normally, we knew how resolved or open the topic remained.

One explanation is that the ndskerhadmore influence than other participants over meeting discussions. The
note taker selectedthe appropriate Tuigiadrowsing viewand presentedhat to everyone's screen. Other team
members modulated the ndiker’s influence bysuggesting topics for discussion, discussingditegorization of
discussion contributionsand generallymaking explicit theinquiry-basednature of the discussion. Note-taking

rotated among two team members.

4.2 Coordination overhead

Coordinationoverheads, delays or extra efftmat are requirednot to help the analysis project mageogress
directly so much as to maintaandservicethe toolsand methods usedyerenot the problem wexpectedSome
were encounteredsuch as a meetingetweenthe implementorsand the analysts that waabandonedvhen the

conferencing system failed.

4.3 Technology Use

Noticeable shifts in technology usecurredduringthe 10weeks ofthe project. Although many types tidols
were useful throughout thigeriod, the emphasishifted overtime, an emphasis thatflects the tasks being
performedduring expression, discussioand commitment work. Table ‘provides detailsabout the taskand the

technological aids found most useful in the different phases. Figure 4 summarizes the fpliovestandthe main



phasesandthe sequencdollowed. (This isnot meant to imply that thehaseswere followedabsolutely in

sequence followed or that they should be.)

the

Phase Tasks Typical properties Tools
Famili-arization (CM1, [ Information gathering. | Collab. but collab. Pen & paper. Word processor.
CM2 / CN1, CNp) Note taking. tools would be too

intrusive.

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

Brain-storming Inquiry
Exploration.

Collab., very informal,
largely synchronous.

Mtg. room. Tuigiao.

Systematic analysis
(GM1, GM2, FMg /
GH1, GH2, GH3, GHgy,
FL3, FLg)

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 toolsequiredusers toadopt specifiqpprocesses. Tuigiarequires arassumption that discussios the

annotation of a document. In practice this means that the structure dddin@ent driveshe discussion. Fomost

of the time this ensured that discussistesyed on traclandthe requirements weranalyzedsystematically, but the

assumption broke down during the period between the productiomatel GH. FL1, a documenproduced as the

result of an informal brainstorming exerci$ecamethe drivingforce behindthe discussion of theequirements.

Because Fh. hadnot beenproducedusing a systematic methotiere was alangerthat manyfundamentalissues

would be overlooked.
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Figure 4: Summary of activity phases.

Tuigiao supports short cuts, such as the attachment of an answer or a change requeegtirenmentvithout 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 obdyitamy speech agirammar. Onaveakness
of Tuigiao, however, is that itloesnot support questions that follow from a discussion. Moes it handle
contributions that have no obvious anchoring requirement. Thenegisdfior free-floating discussionontributions.

This is related to Constantine's idea gfaats 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 wagrendfrom work that was largelgominated bydiscussion tovork
that was equally dominated by commitment and expression tasks. Early discussiefree-floatingand led to the
production of draft documents. Latediscussionstended to be grounded ithe documentsalready produced.

Simultaneously, there was a trend from synchrony towards asynchrony and individual work.

These trendsffectthe types of technology chosandthe implications for technologglesigned tasupport the
tasks. The tools used during this project supported our activities well, but the transition from one phasexb the
was notsudden orecognizable athe time it occurred, andhe often poorlyintegratedtools thereforeintroduced

discontinuities into the process and made it difficult to keep track of information effectively.

Asynchronousandindividual work generallyrequiremore careful coordinatiorthan synchronous meetings, and
large specifications in projectsith formal changecontrol procedures do need to lentrolled asrigorously as

source codeNot all individual or asynchronous requirement®rk introduces uncontrollablénconsistencies,



however, and where documents are informal the team must coordinate its efforts manually. In the CIS project, it was
necessary to emball the functions in the godlierarchyandanalyzethe compositedocument to check whether

anything was missing, but this required domain knowledge andetasconsistency checking activity.

5.2 Structuring of discussions

The CIS project demonstrates that structamsdsystemscanaid requirementanalysis longbefore requirements
can be expressddrmally. But not all structuringrrocedures arappropriate, timely or helpful. For example, the
eventual purpose of an interaction (especially meetings)netaslways the purposatended 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 discussiooontentcan also be taken too far. We distinguished thtypes of discussion contribution:
guestions, answerand reasons. Questionand answers (or statementaje intuitively different speechacts, but
reasons are not obviously distinct from answers. Nor are they obviously necotiding. Wedid not recordreasons,
which is consistent with the finding that very few questicaisedduring requirementmeetingsare '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 assumptioaquiteoutnts) are
easily discriminated speechcts, and that tools supporting discussion should metuire (although theycould
provide) amore elaboratediscussion schema than one providing thes® types of discussion contribution. This

contrasts with the many attempts to refine IBIS model to make it more formally expressive.

Not all discussion contributionare about requirements, sdhe annotation metaphor dfuigiao needs to be
extended; but neithareall discussionglisembodied, athe network metaphor of gIBIS [2luggests, so it is also
necessary to ground discussions in tibigic discussedThis contradictionimplies that discussioand commitment
support tools should permgeneral, free-floating discussiaontributions, contributions that annotate parts of
existing documentsand contributions thatqualify existing discussions. Networks, annotatiarsl 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 contributionmotye asvaluable proactivelyi.e. to
the analyst) as it is retroactive(y.e. to alater implementor or theesearcher)categorizing thestatus of a
contribution is proactively useful. Classifying open questions byréhsons why theare still open directly
suggests actions that team members myghform. The types of questionan therefore be used as reminders of

outstanding work.

We have emphasizextual expression ofequirementsput we observedabove how informal sketches help
mediate discussions while also acting as nascent documents. Pictorial representagiguiseafentstalk back' [8]

to the analyst moreffectively than textual descriptionsnd they blur the distinctionbetween expression and



discussion. The ambivalent role of scenarioganlierwork [10] also stems from theoncrete portrayal ofystem
behavior being abnce a medium for discussi@md adescription to be discussed. Mon®rk is needed tostudy
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 othe number of functionspecified is avaluable indicator otompleteness. Although a
requirements document cannot be shown to be complete, arapskecomenore confidentabout completeness if
the number of functions grows asymptotically. When further discussion ceases to yield mangiglets (i.e. new
or decomposed functions) it is time to express rawikw the requirementsnore formally. Weareinvestigating the
use of goal refinemerand scenaricanalysis in conjunction with thimquiry-based approach asway to estimate

completeness of a set of requirements against the enterprise goals [1].

5.4. Ongoing and Recent Evaluation projects

Unlike experimental studiesasestudies, especially those in whicksearchers artheir own subjects, fail to
control for contextual variablethat occur in real-worldprojects. Thus, taeapthe benefits of thecase study
methodology (scale, complexitand organizational context), omaust repeat casstudies indifferent settings. A
previous paper [10] dealt with a demonstration of the Inquiry Cycle rather than aeagastudy. Other moréormal

case studies are now under way.

One is a collaborative requiremertsnotation tool beinglesigned bythe authors. This project also involves
Tuigiao andmeeting room technologieslowever, becausmuch of the analysis is takingace atlong 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 techniqu€his project is designing aoftware infrastructure for a range dditure

communication products.
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