Al IN DESIGN

Design Rationale Systems:
Understanding the Issues

Jintae Lee, University of Hawaii

l N THE LAST FEWYEARS, INTEREST) MOST CURRENT DESIGN RATIONALE SYSTEMS FAIL TO
in design rationales has grown. Design ratio-

nales are important tools because they can CONSIDER PRACTICAL CONCERNS, SUCH AS COST-EFFECTIVE

g‘c".qu not only the reasons behind a design—yse AND SMOOTH INTEGRATION. THE AUTHOR IDENTIFIES
ecision but also the justification for it, the

other alternatives considered, the tradeoffs SEVEN TECHNICAL AND BUSINESS ISSUES AND DESCRIBES
evaluated, and the argumentation that led to
the decision. The use of a design rationale sys- THEIR IMPLICATIONS.

tem—a tool for capturing and making design
rationales easily accessible—can thus improve
dependency management, collaboration,|rée address all these issues. Some will emphéuture designers and maintainers). Th
use, maintenance, learning, and documentaize one thing; others, another. Indeed, theserows between services indicate that a ser
tion. However, if such systems are to keep pagssues delineate the major dimensions alongce at the end of the arrow (tail) supports th
with the growing and changing demands|ofvhich a design rationale systemiis likely to difservice at the beginning (arrowhead). Fg
design technology, researchers and develofer. But if the community can better understangéxample, using design rationales to suppg
ers must begin to answer certain questions. each of these issues, it will be more equippetdependency management or problem solvin
In this article | identify seven issues, whichto produce design rationale systems that suor simulation and diagnosis improves desig
I have derived from an informal (undocu-ceed in their particular application areas. | and maintenance, and supports learnin
mented) survey of major existing design Using design rationales to support projeg
rationale systems and discussions with wark- management helps support collaboration,
shop participants, including those in the 199¥%Vhat services to provide requirements engineering, or reuse—any o
AAAI Design Rationale Capture and Use of these in turn can result in better design.
Workshop! The issues identified includ The services a design rationale system
what services to provide; what parts of th@rovides will determine almost all otherBetter design support.Well-structured de-
rationale to represent explicitly; how to rep-aspects of its design, such as what to reprsign rationales can help designers track the
resent, produce, and access rationales |asdnt and how to represent the rationales.| issues and alternatives being explored and
manage them cost effectively; and how|to Figure 1 shows common services clagstheir evaluations. This, in turn, clarifies the
integrate the design rationale system.
My goal in writing this article is to help user group who benefits: better desigsupports decision making. In some cases, pf
researchers and developers of future desigdesigners), better maintenance (systemourse, all this information can actually hin-
rationale systems understand the availabl@aintainers), learning (new trainee, studentsler design activities by imposing unneces
options and tradeoffs. No one system can hopearning programs), and documentatiorsary overhead or breaking the natural flow
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Better design

[

support

Documentation
support

]

of design activities, but in most cases thi
clarification leads to better design.

j [Better maintenancﬂ [Learning supportj [

|

Theoreticallyone design rationale system

can support all the services described he

- - Dependency
both during design and before—for exam management S

E

Problem-solving

Simulation and
iagnostics suppo

upport

Josmzi

ple, during requirements definition.

Dependency managememtesign can be
viewed as the process of managing depe

Collaboration
support

[

Requirement
engineering suppo

dencies to yield a product that honors a
dependencies among requirements and t

Reuse support
rt

components that implement them. Desig
rationales can make explicit dependency-rel

Project management
support

tions among design parts, decisionguar Figure 1. Services provided by most design rationale systems. Arrows between services indicate support relations.

ments, and alternatives so that they wor

together consistentlpome systems provide

dependency management simply by displayarguments evaluating the alternatives.
ing issues that depend on the current i8stie, For reuse to be successfahd cost-
while more complex systenastually detect| effective, howeverthe design rationale sys
conflicts among various constrairits. tem must also make it costi@ftive to sort
out knowledge that is outdated or conte
Collaboration/poject managemeriDesign | sensitiveWithout this provision, its sugges
rationales also provide a common foundations must be taken with a ¢g grain of salt.
tion when multiple parties are involved.Mary Lou Maher andAndres Gomez de
Explicitly represented rationales can provideSilva Garza discuss other problems in
common vocabulary and project memoriesieuse of design knowled§e.

and make it easier to negotiate and reach con

sensus. In Shared-DRIffor example,| Better maintenance suppot. Because
whenever a design agent makes a recondesign rationales explain the design decisi
mendation, the system checks to see if amade, they can also help maintain the des
existing recommendation might conflict withMost existing systems provide this servi
it. If so, the system informs all relevant par in its simplest form: comments documenti
ties about the change made to the objegbrogram codes. EESpn the other hand
identifies the cause of the change, and loplextracts much richer development rationa
for a constraint violation. In this wainter | and uses them to generate more sophistic
actions among, sagngineers and contra¢ explanations for system maintenance.
tors are reduced, which helps design proceed

more eficiently. Learning support. Design rationales ca

Design rationales also help designers drelp both people and systems learn mutu
computational agents track unresolved issu@nd interactivelyJanus, for example, pro
and their dependencies, train newcomersjdes computational agents,aitics, which
restore interrupted designs, and support disave access to design rationales and mo
tributed task allocation. human designer§Vhen a critic encounter
a human decision that is suboptimal aceo
Reuse/edesign/extension suppobesign | ing to its knowledge, it presents the desig
rationales help reuse in two ways. First, thewith an appropriate recommendation alo
can serve as indices to past knowledge-{simwith its rationalesThe designer can eithe
ilar designs, parts, problems encounteredagree and accept them, thus acquiring a
SoftDA,* for example, supports reuse bypiece of knowledge, or disagree and ted
acquiring the relationship information abouthe system by supplying a new piece
designs and requirements and using it tknowledge so that the critic knows bett
index documents and codes. next time.

Designers can also reuse the rationales Of course, many learning systems atten
themselves. For example, the precedentmato pick up knowledge from past problen
agement in Sibyluses the goals from pastsolving tracesAnd if you view a problem-
decision rationales to suggest potentially rnelsolving process as the process of designi
evant alternatives, and uses both goals arswlution, technically all these systems can
alternatives to retrieve potentially relevantlesign rationale systems, especially thg

that learn by analogy (see articlesAshok
Goel andAlex Duffy in this issue).

Documentation suppot. Design rationales
xtean be used to automatically generate edoc
mentation. | mention documentation as

category apart from better design becaus

documents help others besides designe
h&lanagers or users can use them to evalug

the design. Lawyers can use them to dete

mine if the design is intellectual properiy

fact, Frank Shipman and Ray McCalho
oraticulate three main perspectives of desig
grationales—agumentation, communication,
cand documentation—gue that the docu
ngnentation perspective has been the most su
, cessful and should provide a model for th
ledesign of design rationale systems (see “Ho
atemlaccess rationales”).
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n What to represent explicitly
ally

A

It is impossible to represent an entire
design rationale explicitlyRationales are
itembedded not only in formal documents
s such as design specifications, meeting a
rastracts, and interface documents, but also
nenformal media such as phone conversation
ndplackboard sketches, and discussions ov
rlunch. In fact, almost anything in a desigr
negpvocess may be a part of a design rationa
achs long as it is represented and can be useq
ofrace a reason for some aspect of the desig
eWhatever is represented, howevaust be
accessible, so it must have some structur
npEhis is why say videotaping all designer
n-interaction would not be suitablélhe
unstructured nature of the recording woul
ngaake it dificult to access exactly what is
beeeded and use that information in any gua
DSEtative way
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Functional dependencyAs is true for any| maximum expected utility)Nith the evalu Systems also dir in the richness of the
representation, what you represent dependsion layer the individual evaluations be constructs they provide to represent & pal
on what you want to do with it. Shipman apdome accessible to the system, which mighticular space. For example, the constructs
McCalP® note that if design rationales are usedise them to rank the alternatives or reeanDRCS’ for the evaluation space let design
primarily to ensure careful reasoning and bepute the evaluations when related evaluatiores's characterize the evaluation of alternativ
ter problem solving among the designershangeThe criteria layer (Figure 2d) makesdesign specifications, reveal how well spec
(amumentation perspective), then the logicagxplicit the criteria used and their relationsfications have been achieved (has-impo
structure of the reasoning must be mad@nutually exclusive, tradefs, specializes), tance, is-more-important-than, has-suba
explicit so that the system can do the logicalvith constructs for this layethe system can tribute, has-subspecification, specification
bookkeeping and detect any potential errorgiroup evaluations and thegaiments by| version, achieves), and provide evaluatio
On the other hand, if the rationales are useglternative and criterion, display them (in ahistory (version, achieves relation betwee
primarily to enable outsiders to understand dable, for example), and update evaluationgersion and specification). Howevehese
regulate design activities (documentation pemwhen the relevant criteria changéwe issue| services come at the cost of high overhea
spective), then only the results of the reasptayer (Figure 2e) makes explicit the individ Generally the less a system represents, th
ing and theirimmediate explanations mustbeal issues and their relations (generateess overhead it willimpose—but the trade
documented—not all the possibilities and thelepends-on, replacedyith the issue layer| off is fewer services.
dead ends explored. Finalifrationales arel the system can now track all issues that
used to support project management, t en Design atifact layer If a design activity is
constructs and attributes that reflect proj ¢ ‘HH‘HH|”||”|||”|||mm"- viewed solely as a set of decision-makin
status must be provided, such as unreso 'eu steps, the rich information about how the
or pending issues and deadlines and the eoS design components are related and how tf
ple responsible for them. YSTEMS ALSO DIFFER IN THE information relates to individual decisions
RICHNESS OF THE CON-
nd STRUCTS THEY PROVIDE TO
o REPRESENT A PARTICULAR

will remain implicit, if it is there at allThe
design artifact layer takes a broader view
making explicit both decision-making steps

iorSPACE. GENERALLY, THE LESS

e A SYSTEM REPRESENTS, THE

g LESS OVERHEAD IT WILL

and the related information.

A system can also provide constructs fg
S IMPOSE—BUT THE TRADEOFF
IS FEWER SERVICES.
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Generic structure.In my survey of existing
and proposed design rationale systems
in my discussions with workshop partic
pants, | was able to find a generic structur
what was being represented—despite m
differences in system implementatidinis
structure takes the form of layers, with so
layers specializing other layers or requiri
the presence of others. | identified thi
major layers: decision, design artifact, ¢
design intent.

=

representing design artifacts but not decision
For example, FE expresses only the func
tional or causal relation among design eom
ponents and requiremerAgiain, the systers’
intended function explains this representatiof
The author notes that the design rationales c
be used for tasks such as simulation, verifice
tion, and diagnosis, but the system would ng
be able to answer questions about the akern
htives and aguments explored.

0

.
an
2}
ot
Decision layerThe decision layer chara
terizes the generic structure of a decisi

Q

odepend on a particular issue, all issues t

process, regardless of use. It comprises

sublayers: issue,gument, alternative, eval
uation, and criteria. Figure 2 shows how-p
viding additional constructs progressive
for each sublayer can tifentiate the com

ponents of design rationales and enrich th
representatiof. The agumentation layer

(Figure 2a) makes explicit thegqaments
underlying a decision and their relatio
(supports, refutes, qualifiedhe alternative

ivere yet to be resolved, issues that repla
given issue, and so on.

0 The constructs underlying these sublay
lyappear under dirent names and not all a
always present explicitiyHowever even
eflystems that do not make them explicit-re

resent them implicitly as text. For examp
gIBIS? explicitly represents only the dec
nssion layer calling it “issue,” the alternative
layer (position), and the gument layer

layer (Figure 2b) makes explicit individual (arguments). DRE provides similar con

alternatives and their relations (compone
of, incompatible, specializesWith con
structs for this layer (and the constructs4in
ing them to those in thegument layer), the
system can sort an unfdifentiated body of
arguments and associate them with indivi
ual alternatives.

The evaluation layer (Figure 2c¢) mak
explicit the evaluation measure and the-re
tions used (nominal, ordinal, real value

ntstructs for the sublayers, calling them de
sion problem, alternative, and claim, resp
ktively, and adds constructs for the critef
layer (criteria). Of course, a design rationg
system must provide constructs for a lay
dbefore it can see the desigteiactions.
Hence, if the system supports compari
eslternatives along dérent criteria, it must
laalso provide constructs for representing
salternative and the criteria spaces.

te aSystems also d#r in the richness of the
constructs they provide for this lay&olin
erBotts and Glen BruMsdesigned a system that

(artifact) and relates it to the decision laye
>plhe artifact-synthesis layer in DRCS pro
evides a richer set of constructs such as-mo

Although a design rationale system shoul
not be expected to represent or reason abg
ciall domain-specific design artifacts, it should
ea@t least provide a way to link design rational
iaobjects (such as those in the decision laye
aléo relevant design artifacts. For example,
esystem need not provide a construct such
Hydraulic Jack, but it should provide a eon
ngtruct, sayArtifact, that it knows can be
decomposed into other artifacts, each @
he/hich can be associated with an issue or
set of constraints.

as
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eexplicitly introduces a construct in this space

i ule, interface, connection, and constraints fg
2 representing artifacts and related operation



Artifact <> Criterion

(bicycle) Argument layer Alternative layer Criteria layer
: ¢ T
: Criterion /

Evaluation layer

Arguments relevant to

the design of the artifact ; Arguments about

the relation between
.__criteriajand j

@)

Alternative layer

Arguments about
Alternative / criteria j

: Alternative j (racing bike
(mountain bike) J (racing bike) (d)

Arguments
about the relation be-

tween alternatives jand j I |
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Argumenfs about Issue i

alternative j Criteria layer

(b)

Alternative =

Evaluation 7 (good)
Evaluation j (poor)

Issue j

. Arguments about
) issue j

Evaluation
layer

Alternative layer

Arguments about the
relation between
evaluations jand j

Arguments about
the relation
(e) Arguments about issue i between jand j

Arguments about Arguments about
evaluation / evaluation j

©

Figure 2. A progressively differentiated representation of design rationales within each of five sublayers in the decision layer.

Design intent layefThe third layer represents How to represent rationales and raw drawings. Informal descriptions are
the metainformation underlying design deci easy to create, but the system cannot interpret
sions, such as intents, strategies, goals, |andThe details of how design rationales are tthem, making them ill-suited for most cem
requirements. Once represented, this layée represented will depend on the systemputational service3he Electronic Notebook,
allows a design rationale system to reasompresentation language. Howevtke degree developed by Fred Lakin of the Performing
about the goal, intent, or plan responsible foof formality is a more generic issue. For th&Sraphics Compansttempts to overcome this
a given design. For example, from goals theake of discussion, | assume a representatibmitation by using parsing technoladyow-
system can derive criteria for evaluatingcan be informal, semiformal, or formal, ever the technology is not yet mature enough
alternatives so that when goals change, it cadthough formality is typically a continuum, to produce reliable interpretations of comple
update or at least flag the criteria as outdatedot a set of categories with thresholds. descriptions.

The constructs provided for this layer range Once again, the choice of approach dependsA semiformal representation is best if the
from simple constructs, such as objective anldrgely on the services the system will pro primary services are to help people archive
goal to complex constructs that capture-relavide. Informal representation captures ratjoretrieve, and examine the reasons for their
tions, such as is-more-important and hasaales in an unstructured form: descriptions idecisions. In a semiformal representation
higherpriority. a natural language, audio/video recordingsnly parts of the representation are computer
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readable; the rest is informal. In the systemitie incremental formalization approach is S|

with a semiformal representation, such |aappealing because it changes creation to

Sibyl,? the user interacts typically with diff easier process of reaction and modificatid

ferent types of templates by filling out their

attributes, either by typing in a natural{a

guage or by selecting from a menu of optionddow to produce rationales

A semiformal representation can support

many computational services not possible Design rationales can be produced

with an informal representation and may evemany ways, with the system participatir

require less overhead in capturing rationalesntirely alone, somewhat, or not at dlhe

because the system can suggest what-infapproaches described here are in orde

mation is expected (typed forms and optionsminimum to maximum system participatio

However the set of computational services

would depend on how much of the represerReconstruction. In this approach, peopl

tation was formal. produce design rationales without using t
In a formal representation, objects and-relesystem.They can do so by reasoning fro

tions are defined as formal objects that ththeir existing knowledge (introspection

system can interpret and manipulate us 1g
N

formal operationsThe creation of desig
le.
q FORMALIZING KNOWLEDGE IS

rationales thus becomes a matter of crea
a knowledge base in some formal langue
’ﬁ cosTLY. ONE WAY TO REDUCE
COST IS TO FORMALIZE IT

The kind of formal representation will depe
on the operations to be performed (deduc
INCREMENTALLY—ESSENT-
IALLY TRANSFORMING A

inference, associate defaults, inheritance
can be any one of several standard repre

! SEMIFORMAL REPRESENTATION
TO A FORMAL ONE.

en
tations: rules, frames, and loghm example
is any machine-learning system that use:
past problem-solving traces for future prc
lem solving.

The more formally rationales are repi
sented, the more services the system can ro
vide. Howevey formalizing knowledge it
costly One way to reduce costis to formal e

its
)

tilRecord-and-replay. In this approach, ratio
timales are captured as they unfold—for exan

nple, as designers use a shared database tor
issues, propose alternatives and criteria, a
enter evaluationg he rationales can be cap
tured synchronously (via videoconferencing
or a shared screen that participants use te inte
imct with one another) or asynchronously (via
gbulletin board or e-mail-based discussion).
Systems that have informal and semiformal
ofpresentations tend to use this approach

n.because a representation that is too rich or tpo
formal would create excessive overhead and

e disrupt the flow of design activities.

he

mMethodological byproduct. In this approach,
,design rationales naturally ergerfrom the
process of designers following a certai
method. For example, in EES, the developers
of an expert system follow a specific metho
that EES support¥he method steps are in
essence diérent kinds of refinements and
reformulations, which the system captures and
uses to generate explanatiohsother exam
ple is the transformational approadchin
which a design rationale is defined as a trace
of the decomposition of the heuristic method
into submethods and finally into applied tran:
formations.The designer uses the transfor
mations to verify that the derived artifac
meets all specifications.

This approach is appealing because the

user benefits from the method and the rati

n
aise
nd

)

e

r

it incrementally—essentially transforming|aconducting interviews with those involvednales are captured at a relatively low cost.
semiformal representation to a formal onein the design, or capturing rationales in rawlhe challenge is to provide a method that
Thus, rationales can be captured with les®rm, such as video, and then translatingeally does help the user without imposing
overhead (because they are captured in a sefiiem into a more structured forifet another| excessive overhead or restrictions.
formal state), but once formalized can be useday is to reverse-engineer a design by try
to support more computational services. | ing to infer a plan from the design artifactApprentice.In this approach, the system gen
uiSibyl,*2for example, starts with an infor itself through a general knowledge of func erates rationales by essentially “looking ove
mal requirements description, extracts veleions and device behaviors. the designés shoulder” and asking questions
vant keywords, and determines if it can Reconstruction allows more careful reflec whenever it does not understand or disagre
replace or describe any keywords with existtion on the representation and layout of thevith the designes actionADD, > for exam
ing formal objects. If not, it attempts to helprationales and does not disrupt the designergle, learns about the features that make a sfg
formalize the keywords by faring poten | activities. Jeff Conklin and K. Bugess-| cific case diferent from a standard one.
tially related formal objectsGerhard Fischer Yakemovi@ report on using gIBIS at NCR, Whenever the desigrismproposed action dif
and Kumiyo Nakakoji of the University of saying that the reconstruction process helpddrs fromADD’s expectations, it will ask the
Colorado attempt to incrementally formalizethem identify several design omissions thadlesigner to justify or explain the féifence.
rules or domain objects from informal textswould have cost three to six times more thahater, it answers queries for design rationale
using keyword4€3 mSibyl, proposed by the cost of capturing and reconstructing thby using both its domain knowledge and th
Lukas Reucker and/arren Seering of the rationales. Shipman and McCatlaim that | designersupplied justifications. Jantfalso
Massachusetts Institute TEéchnologyoffers | the success of the documentation perspegtivses this approach.
still another alternativefhe user supplies a of design rationales (as opposed to the-com Both the user and system benefit from thi
restricted form of English sentence as |amunication and gumentation perspectives)interactionThe user benefits if the system is
attribute value of a semiformal object suchlaswes much to the post-hoc creation of docuright; the system learns something if it is
Decision and the system parses it into a fomentation. On the down side, the cost|ofvrong. In addition, rationales are captured i
mal languageAlthough the systers’attempt| reconstruction is high and it may introduce théhe context of use, when the relevant knowl
to formalize hardly succeeds the first timehiases of the person producing the rationalesdge is fresh in the desigiemind and new

es

[

D
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knowledge can be anchored in old. Howevethe issue of how to make a system understaméles in which the user and the system mut
for this approach to be viable, it must creatéhe designés actions enough to ask intelli ally benefit is an example, although ever
an initial knowledge base rich enough {t@ent questions at appropriate times withoutere the extra time and attention spent inte
understand most of the desigiseactions and seeming obtrusive. Much more research ipreting and answering questions is still a co
ask intelligent questions when it does not| needed before a system-initiative approacthat requires compensation.

becomes viable. When the cost bearer is not the same as the
Automatic generation.In the simplestform  Another critical issue associated withbeneficiary providing a cost-ééctive sys
of this approach, the system generates desidesign rationale access is intelligent indextem becomes more problematic. In fact, as
rationales automatically from an executioring. Designers will be disrupted if the sys Jonathan Grudin of the University of Gali
history An expert system that uses a trace dbm’s response is slQwo matter how appro| fornia, Irvine, points out, many groupware
its rule invocations to explain the why andpriate its timing might beA special case of systems fail exactly because of this mis
how of its actions is an examplEhis ap | the tradedfbetween representational for matchl’” For example, most online meeting

o

= =
—+

proach has the appeal of creating rationalesality and computational services (descrinedchedulers fail because they require people
at little cost to the user later and of being ablearlier) is the tradebbetween the structure in to maintain their local calendars online, even
to maintain consistent and up-to-date ratiorationale representation and ease of retrievdahough the only beneficiaries are those
nales. Howeveiit also has the high initial Incremental formalization provides an inter responsible for scheduling the meeting.
cost of compiling the knowledge needed|te@sting approach to the indexing problem. FoGrudin recommends either that the cornec
construct the rationales. Furthermore, to jo tion between the contributor and the benefjt
beyond the simple explanatory model ba be made clear to all group members pet

on execution traces, many issues at the |||‘|||‘|"m"m"HHHHHH ter still, that there be a process along with the
of machine-learning research must be e W technology that delivers some benefit to the
solved: what parts of the problem-solvi j HEN THE COST BEARER IS contributor For example, whenever a-de
trape must be captured and hwaw to infer ~ NOT THE SAME AS THE signer ben_efits from part of a rationale, the
rationales from the trace, how to assess 1 eir system might allow the designer to send

BENEFICIARY, PROVIDING A
COST-EFFECTIVE SYSTEM
BECOMES MORE PROBLEMATIC.
IN FACT, MANY GROUPWARE

<e SYSTEMS FAIL EXACTLY
BECAUSE OF THIS MISMATCH.

relevance, and how to adapt them to the  ur

rent situation.

compliments to the contributorhich man
agers and others can see.

How to access rationales How to integrate the system
A design rationale system need not m.
rationales directly accessible to the ulsiem-
ever accessibility lets the user directly exa 1
ine, update, or revise rationales, mak 1g
design activities more costfeftive and df- | example, MITS mSibyl uses the formal re
cient. Such systems can be classifiedses | resentation of knowledge about mechanical Design rationales of multiple users
initiative or system-initiativedepending on artifacts to provide more intelligentindexing  despite heterogeneous mediums (vide
whether the user or the system initiates accessid matching of design rationales. audio, text) and/or platforms (UnW/in-
In a useidinitiative system, the user decides dows, Mac OS).
the parts of the design rationale to examine
and when or how to look at theffhese sys | HOw to manage rationales
tems must help the user become aware @bst-effectively
what exists and make it easy to find the
desired parts. Most systems adopt simple Like anything else, a design rationale-sys
versions of query and navigational aidgem will not be used if the cost outweighs the
(trees, zoomable graphical views), but manienefitsThe benefits are the services the sys
useful navigational tools such as the fish-eytem can provideThe cost is primarily th
view and guided tour are still not being usedcost of producing the rationales in a form that Integration, like cost-ééctive rationale
In a system-initiative system, on the othecan support the servicdhe fixed cost, such management, has not received much resear

Integration is concerned with integrating

the varied aspects of design activities. It mu
be able to integrate

serve diferent functions—for example,
to link design rationales to objects in
CAD or database modules.

declarative, formal vs. informal).

hand, the system decides when and how &s building the system or the initial knewl attention in the context of design rationale
present which parts of the rationales. Suchdge base, is not a big problem as long as tegstems. Only a few systems have attempted

systems must have enough knowledge toumulative benefits from the systesnise| to address integration needs. More desig
make intelligent decisions and must preserdutweigh it.The bigger question is, who will rationale researchers should understand the
rationales in ways that the user finds unotbear the cost of producing design rationaletypes of integration and begin to adapt exis
trusive. Possible solutions to the seconébr a particular artifact, and why?
problem are the Janus critfcandADD’s The ideal cost bearer is the person who

apprenticé® (described earlier). However gets enough benefit to compensate for thamong users.Because a design rationalg
these solutions have only begun to addres®st.The interactive acquisition of the ratio system has many users, it should provid

the use of a design rationale system with al

Design rationales with other objects that

Different types of representation (object;
oriented vs. rule-based, procedural vs.

ing technologies to the systems they propose.

ch

n
se
[

@
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some way to share objects or translate thements, process sheets) used to develop
over heterogeneous representations or sygrocess step. Examining the insights a
tems. Exporting and importing through a fileproblems in such an integrated system
may work in some case&nother possible| aid the design of a future design rationg
solution is the wrapper approatdin which | system.

each system builds a layer that handles any

heterogeneous input, allowing participants

to maintain their autonomyYet another pes
sible solution is to communicate via a blagk
board by publishing a portion of each par
ticipant’s private scratchpad. Both options
will require developing a common protocol
and language or an extension offd® for
exchanging design rationale information.

Among multimedia objects. Even when AMONG THE SEVEN ISSUES |
there is only one use design rationale sys haveidentified, only a few have been explor
tem must be able to integrate various multiin suficient depth. Issues such as how tc r¢
media artifacts that must be accessed: desigasent design rationales will not pose ma
notebooks, sketchbooks, phone conversaew problems for developers of future des
tions, videos, CAD drawings, and e-mail.rationale systems. Howevex few critical
Phidiad® addresses this problem by provid issues have been neglected. For examp
ing uniform access to artifacts through hyperbelieve providing for cost-&fctive use,
text typed links, which the user can definedomain-knowledge generation, and integ
Phidias stores and manages these heterpdien give rise to many open research questi
neous objects in a single hypermedia data Designing a cost-&ctive system is ong
base, the HypeDbject Substrate. of the most ugent issues design rationa
researchers fac®Vithout a handle on this
With design modules A design rationale problem, the system, even with many soph
system must integrate well with other desigticated features, may not be usegvaorse,
components, such as CAD module databasesay be counterproductiv®.Neither do |
and simulation packages. Because thedmlieve that management is beyond the ¢
components are often implemented on difcern of researchlThe eventual goal of al
ferent platforms, integration also meansesearch is to pave the way for practicat s
achieving interoperability across heteroegetems. Of what practical value can engine
neous platforms. Integration with other rading be if it is not cost-ééctive?The chal

tedge acquisition, reuse, natural languag
ndnderstanding, and machine learning.

can Finally, integration is an important issue
al¢hat can no longer be overlooked. Researche
in the management of design rationale-sy
tems can look at solutions that work in othe
areas, such as wrappers, mediators, OLE, a
APIs.

By addressing these neglected area
design rationale research can enhance its cg
tribution to design research and begin to pra
duce more e$dctive and economical sys
tems.
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