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Ab stra c t
Hu m a n u nd ersta nd ing  in d esig n evolves th rou g h  a  proc ess of c ritiqu ing  existing  knowled g e a nd
c onsequ ently expa nd ing  th e store of d esig n knowled g e. Critiqu ing  is a  d ia log  in w h ic h  th e interjec tion of a
rea soned  opinion a b ou t a  prod u c t or a c tion trig g ers fu rth er reflec tion on or c h a ng es to th e a rtifa c t b eing
d esig ned . Ou r work h a s foc u sed  on a pplying  th is su c c essfu l h u m a n c ritiqu ing  pa ra d ig m  to h u m a n-
c om pu ter intera c tion. W e a rg u e th a t c om pu ter-b a sed  c ritiqu ing  system s a re m ost effec tive w h en th ey a re
em b ed d ed  in d om a in-oriented  d esig n environm ents, w h ic h  a re knowled g e-b a sed  c om pu ter system s th a t
su pport d esig ners in spec ifying  a  prob lem  a nd  c onstru c ting  a  solu tion. E m b ed d ed  c ritic s pla y a  nu m b er of
im porta nt roles in su c h  d esig n environm ents: (1 ) th ey inc rea se th e d esig ner’s u nd ersta nd ing  of d esig n
situ a tions b y pointing  ou t prob lem a tic  situ a tions ea rly in th e d esig n proc ess, (2 ) th ey su pport th e
integ ra tion of prob lem  fra m ing  a nd  prob lem  solving  b y provid ing  a  linka g e b etween th e d esig n
spec ific a tion a nd  th e d esig n c onstru c tion, a nd  (3 ) th ey h elp d esig ners a c c ess releva nt inform a tion in th e
la rg e inform a tion spa c es provid ed  b y th e d esig n environm ent. Th ree em b ed d ed  c ritiqu ing  m ec h a nism s –
g eneric , spec ific , a nd  interpretive c ritic s – a re presented , a nd  th eir c om plem enta ry roles w ith in th e d esig n
environm ent a rc h itec tu re a re d esc rib ed .

Keyw ord s: Coopera tive P rob lem -Solving  System s, Critic s, Critiqu ing , D esig n, D esig n Ana lysis, D esig n
E nvironm ents, D esig n Ra tiona le, E xpla na tion, Generic  Critic s, Spec ific  Critic s, Spec ific a tion, Interpretive
Critic s, D om a in-orienta tion

1 . Introd u c tion
Hu m a n u nd ersta nd ing  in d esig n evolves th rou g h  a  proc ess of c ritiqu ing  [F isc h er, 1 991  #74 ] existing
knowled g e a nd  c onsequ ently expa nd ing  a nd  refining  th e sta te of knowled g e. Ou r work h a s foc u sed  on
a pplying  th is h u m a n c ritiqu ing  pa ra d ig m  to h u m a n-c om pu ter intera c tion. Ou r experienc e w ith  th is
a pproa c h  is b a sed  on severa l yea rs of system  prototyping , th e integ ra tion of c og nitive a nd  d esig n
th eories, a nd  em piric a l eva lu a tion of th ese system s. Ba sed  on th ese experienc es, we c onc lu d e th a t
c om pu ta tiona l c ritiqu ing  system s a re m ost effec tive a t su pporting  h u m a n d esig ners w h en em b ed d ed  in
d om a in-oriented  d esig n environm ents [F isc h er, 1 992  #2 3 8].

In Sec tion 2 , we expla in w h y th e c ritiqu ing  pa ra d ig m  is essentia l for su pporting  th e c om plex a c tivity of
d esig n. Using  illu stra tions from  c ritiqu ing  system s we h a ve b u ilt, we d em onstra te in Sec tion 3  h ow
em b ed d ing  in d esig n environm ents enh a nc es th e c om pu ta tiona l c ritiqu ing  proc ess. E xa m ples of ou r
em b ed d ed  c ritiqu ing  system  a re d ra wn from  HYD RA-KITCHE N, a  resid entia l kitc h en d esig n environm ent
we h a ve b u ilt. Sec tion 4  expla ins th ree em b ed d ed  c ritiqu ing  m ec h a nism s we h a ve d esig ned ,
im plem ented , a nd  stu d ied , c a lled  g eneric , spec ific , a nd  interpretive c ritic s. F ina lly, in Sec tion 5 we a ssess
som e of th e b enefits of th ese em b ed d ed  c ritiqu ing  m ec h a nism s.

2 . Th e Critiqu ing  Approa c h
Critiqu ing  is a  d ia log  in w h ic h  th e interjec tion of a  rea soned  opinion a b ou t a  prod u c t or a c tion trig g ers
fu rth er reflec tion on or c h a ng es to th e a rtifa c t b eing  d esig ned . For exa m ple, a  kitc h en d esig ner m ig h t
c ritiqu e a  kitc h en floor pla n in term s of b u ild ing  c od e viola tions, effic ienc y, sa fety c onc erns, or eventu a l
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resa le va lu e. An a g ent – h u m a n or m a c h ine – c a pa b le of c ritiqu ing  in th is sense is a  critic. Com pu ter-
b a sed  c ritic s a re m a d e u p of sets of ru les or proc ed u res for eva lu a ting  d ifferent a spec ts of a  prod u c t;
som etim es ea c h  ind ivid u a l ru le or proc ed u re is referred  to a s a  c ritic  [F isc h er, 1 991  #74 ].

2 .1 . Im porta nc e of Hu m a n Critiqu ing

Hu m a n c ritiqu ing  pla ys a n im porta nt role in d esig n b oth  in th e g rowth  of h u m a n knowled g e a nd  in term s
of error elim ina tion. By “h u m a n c ritiqu ing ” we m ea n su b jec ting  ou r d esig ns a nd  prod u c ts to th e sc ru tiny of
oth er people, b e th ey peers, d om a in spec ia lists, or soc iety in g enera l.

Com plex d esig n a c tivities proh ib it a n ind ivid u a l from  knowing  everyth ing  th a t is releva nt; in a d d ition,
expertise is frequ ently c ontroversia l. Com plex d esig n situ a tions c a n th erefore b e c h a ra c terized  b y a
“sym m etry of ig nora nc e’’ [Rittel, 1 984  #2 4 3 ], a nd  th e knowled g e need ed  to solve a  d esig n prob lem  is
d istrib u ted  a m ong  d esig ners a nd  th eir c lients [Rittel, 1 984  #71 ]. Critiqu ing  is a n im porta nt m eth od  for
working  w ith in su c h  a  fra m ework of d istrib u ted  knowled g e b ec a u se it fosters a  m a xim u m  of pa rtic ipa tion
in ord er to a c tiva te a s m u c h  of th e d istrib u ted  d esig n knowled g e a s possib le. In kitc h en d esig n, th e
d esig ner a nd  th e h om eowner ta ke tu rns proposing  id ea s a nd  c ritic izing  ea c h  oth er’s su g g estions. In th is
w a y, th e often ta c it knowled g e [P ola nyi, 1 966 #2 08] th a t ea c h  pa rty h a s c a n c om e into pla y a nd
c om plem ent th e oth er’s pa rtia l g ra sp of th e d esig n prob lem .

Critiqu ing  is u b iqu itou s. It is, for exa m ple, a t th e h ea rt of th e sc ientific  m eth od . P opper [P opper, 1 965
#62 ] th eorized  th a t sc ienc e a d va nc es th rou g h  a  c yc le of c onjec tu res a nd  refu ta tions. Sc ientists form u la te
h ypoth eses a nd  pu t forth  th ese c onjec tu res for sc ru tiny a nd  refu ta tion b y th e sc ientific  c om m u nity.
Besid es c ontrib u ting  to th e g rowth  of knowled g e, th is c ritiqu ing  c yc le of c onjec tu res a nd  refu ta tions is
essentia l for c rea ting  a  sh a red  u nd ersta nd ing  w ith in th e sc ientific  c om m u nity a nd  provid ing  a  sta b le b a se
for fu tu re g rowth  in sc ientific  knowled g e.

Critic s pla y a n im porta nt role in m a king  d esig ners a w a re of b rea kd own situ a tions [F isc h er, 1 993  #2 3 9].
P etroski [P etroski, 1 985 #63 ] noted  th e im porta nc e of fa ilu re in th e g rowth  of eng ineering  knowled g e. For
insta nc e, w h en a n a irpla ne c ra sh es, th e Fed era l Avia tion Ad m inistra tion send s a  tea m  of spec ia lists to
th e site to d eterm ine th e c a u se of th e a c c id ent. In essenc e, th ese spec ia lists a re c ritiqu ing  th e pla ne’s
d esig n a nd  c onstru c tion a nd  c u rrent a via tion pra c tic es. Over th e yea rs, th is pra c tic e h a s c ontrib u ted
m u c h  to th e g rowth  of a via tion knowled g e in term s of b oth  a irpla ne d esig n a nd  im proved  sa fety
reg u la tions [Ch a m b ers, 1 985 #2 3 7]. In tu rn, th is g rowth  in knowled g e c ontrib u tes tow a rd  fu tu re error
elim ina tion; th a t is, pla nes w ith  th e sa m e d efec t a re repa ired  a nd  a via tion reg u la tions a re im proved  to
prevent sim ila r c ra sh es.

Th e a c tivity of c ritiqu ing  pla ys a n im porta nt role in eng ineering , sc ienc e, a nd  d esig n in g enera l. It
prod u c es m a ny b enefits, inc lu d ing  th e g rowth  of knowled g e, error elim ina tion, a nd  th e prom otion of
m u tu a l u nd ersta nd ing  b y a ll pa rtic ipa nts. Th rou g h  th e c ritiqu ing  proc ess, d esig ners g a in a  b etter
u nd ersta nd ing  of th e d esig n prob lem  b y h ea ring  th e d ifferent points of view of oth er d esig n pa rtic ipa nts.
In ou r work, we h a ve ta ken th is su c c essfu l h u m a n c ritiqu ing  pa ra d ig m  a nd  sh own h ow it c a n b e
effec tively a pplied  to enh a nc e h u m a n-c om pu ter intera c tion. In th e rem a ind er of th is pa per, th e term
“c ritiqu ing ” w ill refer to c om pu ter-b a sed  c ritiqu ing  system s.
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2 .2 . Applying  Com pu ter-Ba sed  Critiqu ing  to D esig n

Ou r d esig n environm ents a re cooperative problem-solving systems [F isc h er, 1 990 #1 4 ] in w h ic h  th e
c om pu ter system  h elps u sers d esig n solu tions th em selves a s opposed  to h a ving  a n expert system  d esig n
solu tions for th em . As illu stra ted  in F ig u re 1 , c ritiqu ing  is integ ra l to c oopera tive prob lem -solving  system s.
Th e c ore ta sk of c ritic s is to rec og nize a nd  c om m u nic a te d eb a ta b le issu es c onc erning  a  prod u c t. Critic s
point ou t prob lem a tic  situ a tions th a t m ig h t oth erwise rem a in u nnotic ed . M a ny c ritic s a lso a d vise u sers on
h ow to im prove th e prod u c t a nd  expla in th eir rea soning . Critic s th u s h elp d esig ners a void  prob lem s a nd
lea rn d ifferent views a nd  opinions. Critiqu ing  system s augment th e a b ility of h u m a n d esig ners to eva lu a te
th eir solu tions; d ec isions c onc erning  w h eth er or not to follow th e c ritic  su g g estions a re left u p to th e
d esig ners.

DW

Design a kitchen for 
a left-handed cook

Solution

Problem

Critic Rule:  
The dishwasher should be on the left side 
of the sink if the cook is left-handed.

Computer 
Critic

Create 
Modify

Analyze

CritiqueReflect

F ig u re 1 . A c oopera tive prob lem -solving  system  h a s two a g ents – a  h u m a n d esig ner a nd
a  c om pu ter-b a sed  c ritic . Both  a g ents c ontrib u te w h a t th ey know a b ou t th e d om a in to
solving  som e prob lem . For th e c ritiqu ing  system s d isc u ssed  in th is pa per, th e h u m a n’s
prim a ry role is to g enera te a nd  m od ify solu tions; th e c om pu ter’s role is to a na lyze th ese
solu tions a nd  prod u c e a  c ritiqu e for th e h u m a n to c onsid er in th e next itera tion of th is
proc ess.

Critiqu ing  system s a re well su ited  for d esig n ta sks in c om plex prob lem  d om a ins in w h ic h  th e tra d itiona l
expert system s or a u tom a ted  d esig n a pproa c h es h a ve proven ina d equ a te. Su c h  d esig n ta sks h a ve th e
following  c h a ra c teristic s: (a ) knowled g e a b ou t th e d esig n d om a in is incomplete a nd  evolving , (b ) th e
prob lem  requ irem ents c a n b e spec ified  only pa rtia lly, a nd  (c ) nec essa ry d esig n knowled g e is distributed
a m ong  m a ny d esig n pa rtic ipa nts.

a. Knowledge about the design domain is incomplete and evolving. Som e d om a ins, su c h  a s u ser
interfa c e d esig n [Lem ke, 1 990 #91 ] a nd  lu na r h a b ita t d esig n [Sta h l, 1 993  #1 71 ], a re not su ffic iently
u nd erstood ; th a t is, c rea ting  a  c om plete set of princ iples th a t exh a u stively c a ptu res th eir d om a in
knowled g e is im possib le. Com plex prob lem  d om a ins a re c ontinu a lly c h a ng ing  a s new  d esig n knowled g e
is g a ined  a nd  old  d esig n knowled g e b ec om es ob solete. For exa m ple, u ser interfa c e d esig n princ iples
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h a ve c erta inly c h a ng ed  to a c c om m od a te th e sh ift from  prim a rily c h a ra c ter-b a sed  u ser interfa c es to
soph istic a ted  g ra ph ic a l u ser interfa c es. Any system  su pporting  d esig n in c om plex d om a ins m u st b e a b le
to evolve with  th e d om a in.

E xpert system s a nd  a u tom a ted  d esig n a pproa c h es a re infea sib le in th ese c om plex situ a tions in w h ic h  a ll
th e potentia l releva nt b a c kg rou nd  knowled g e c a nnot b e a rtic u la ted  [W inog ra d , 1 986 #2 1 3 ]. Bec a u se
a u tonom ou s expert system s lea ve th e h u m a n ou t of th e d ec ision proc ess a nd  a ll “intellig ent” d ec isions
a re m a d e b y th e c om pu ter, th ese system s requ ire a priori a  c om preh ensive knowled g e b a se c overing  a ll
a spec ts of th e ta sks b eing  perform ed . M ost expert system s a lso fa il to a d equ a tely su pport th e evolu tion
of d om a in knowled g e. F irst, expert system s typic a lly d o not su pport th e a d d ition of knowled g e b y d om a in
experts a nd  instea d  rely on knowled g e eng ineers to a c qu ire th is knowled g e from  d om a in experts a nd
su b sequ ently c od ify it for th e spec ific  system . Sec ond , expert system s h a ve sh own th em selves to b e
b rittle [Rittel, 1 984  #71 ]; th a t is, a  sm a ll sh ift in th e prob lem  d om a in c a n rend er a n expert system ’s
knowled g e b a se ob solete a nd  inopera tive [Bu c h a na n, 1 984  #2 2 4 ].

An im porta nt a spec t of em b ed d ed  c ritiqu ing  system s is th eir inc rem enta l na tu re; th ey d o not need  a  la rg e
or c om preh ensive ru le-b a se to b e effec tive. Bec a u se c ritic s a re stru c tu red  to b e ind epend ent entities,
a d d ing  or m od ifying  a  c ritic  d oes not a ffec t th e b eh a vior of th e rem a ining  c ritic s. P a rts of th e c ritiqu ing
system  c a n rem a in opera tiona l a nd  c ontinu e to su pport th e d esig n proc ess w h ile oth er pa rts u nd erg o
evolu tiona ry c h a ng e. In th e HYD RA-KITCHE N system  we h a ve prototyped  a  “g eneric ” c ritiqu ing
m ec h a nism  th a t is knowled g ea b le a b ou t c om m only a c c epted  d esig n princ iples a nd  sta nd a rd  d esig n
pra c tic es. Th ese princ iples a re fou nd  in textb ooks a nd  tra ining  prog ra m s a nd  a re rec og nized  b y
professiona l kitc h en d esig ners a s b eing  im porta nt a spec ts of prod u c ing  a  “g ood ” floor pla n. Alth ou g h  th is
g enera l knowled g e b a se is insu ffic ient for a u tom a ting  th e d esig n of kitc h en floor pla ns or for m a king  a
d eta iled  a na lysis of th e a ppropria teness of th e d esig n for a  pa rtic u la r c lient, th e g eneric  c ritiqu ing  system
provid es d esig ners w ith  va lu a b le feed b a c k c onc erning  th eir floor pla n d esig ns. One stu d y involving  b oth
a m a teu r a nd  expert kitc h en d esig ners sh owed  th a t HYD RA’S g eneric  c ritic s h elped  b oth  c a teg ories of
d esig ners even th ou g h  its ru le-b a se c onta ined  only 2 4  c ritic  ru les [F isc h er, 1 989 #1 52 ].

b. The problem requirements can be specified only partially. D esig n prob lem s a re ill-d efined : th ey c a nnot
b e prec isely spec ified  b efore a ttem pting  a  solu tion [Rittel, 1 984  #71 ]. P rob lem  spec ific a tions reflec t th e
d esig ner’s u nd ersta nd ing  of th e prob lem  fra m ing  a nd  th e prob lem  solu tion. Resea rc h ers in situ a ted
c og nition [La ve, 1 988 #95] a nd  d esig n [Sc h oen, 1 983  #1 2 9] h a ve sh own th a t d esig ners a rrive a t solu tions
b y itera tively refra m ing  th e prob lem  – a d ju sting  a nd  refining  th eir u nd ersta nd ing  of th e prob lem  fra m ing
a nd  prob lem  solu tion to reflec t d ec isions m a d e, m ea ns th a t m a y b e c h osen, m a teria ls a va ila b le, a nd
oth er c h a ng es in th e c ontext. Th u s, prob lem  spec ific a tions a re not only inc om plete, th ey a re a lso
d yna m ic  in na tu re.

Th e expert system  a pproa c h  is b a sed  on th e a ssu m ption th a t th e prob lem  to b e solved  c a n b e fu lly
a rtic u la ted  to th e system  a priori. Th e system  c a n retu rn a  solu tion only if g iven a  c om plete a nd  a c c u ra te
prob lem  spec ific a tion. F u rth erm ore, c h a ng es in th e prob lem  spec ific a tion c a n c om pletely inva lid a te th e
expert system ’s proposed  solu tion. Th u s, expert system s a re ina d equ a te in ill-d efined  d om a ins w ith
pa rtia l a nd  evolving  prob lem  spec ific a tions.

W e h a ve c onstru c ted  a  c ritiqu ing  m ec h a nism  th a t su pports d esig n a s a  proc ess of prob lem  refra m ing .
Th is “spec ific ” c ritiqu ing  m ec h a nism  ena b les only th ose c ritic s pertinent to th e c u rrent pa rtia l spec ific a tion,
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a nd  a s su c h  em b od ies d om a in knowled g e c onc erning  situ a tion-spec ific  d esig n c h a ra c teristic s th a t not
every d esig n will sh a re. In kitc h en d esig n, professiona l d esig ners elic it th is situ a tion-spec ific  knowled g e
from  th eir c u stom ers u sing  pred efined  qu estionna ires; th e a nswers to th ese qu estionna ires form  pa rt of
th e kitc h en spec ific a tion. In HYD RA-KITCHE N, a s th e d esig ner c h a ng es th e prob lem  spec ific a tion, th e
“spec ific ” c ritiqu ing  m ec h a nism  b ring s d ifferent sets of c ritic s to b ea r u pon th e d esig n. Th is m ec h a nism
su pports th e c oevolu tion of prob lem  fra m ing  a nd  prob lem  solving  b y m a king  explic it th e rela tionsh ip
b etween th e pa rtia l prob lem  spec ific a tion a nd  th e c u rrent d esig n solu tion.

c. Necessary design knowledge is distributed among many design participants. D esig n d om a ins su c h  a s
network d esig n a re so la rg e a nd  c om plic a ted  a nd  h a ve so m a ny su b d om a ins th a t no sing le person c a n
know a ll th ere is to know [F isc h er, 1 991  #72 ]. In su c h  c om plex d om a ins, th e nec essa ry d esig n knowled g e
is d istrib u ted  a m ong  m a ny pa rtic ipa nts a nd  m ost d esig n work is d one b y tea m s w h ose m em b ers h a ve
d iffering  a rea s of expertise [Ha c km a n, 1 974  #1 98]; [Joh a nsen, 1 988 #2 02 ]. W h en d esig ning  in ill-d efined
d om a ins, th ere a re no “optim a l” solu tions [Sim on, 1 981  #4 ]. Conflic ts in opinion a b ou t h ow to proc eed
often a rise d u e to d ifferenc es in th e d esig ners’ a rea s of expertise, th eir persona l styles, a nd  th eir
pa rtic u la r prob lem  fra m ing . Often, su c h  c onflic ts a re resolved  a nd  d esig n proc eed s a fter d esig ners
present rea soned  a rg u m ents su pporting  th eir opinions for d isc u ssion a nd  neg otia tion.

Ou r c ritiqu ing  system s su pport d esig n a s a  d elib era tive a nd  interpretive proc ess. Critiqu ing  system s
c onta in a  c ollec tion of c ritic s th a t em b od y d ifferent a rea s of d om a in expertise, d ifferent d esig n styles, a nd
often d iverg ing  opinions. Ou r “interpretive” c ritiqu ing  m ec h a nism  su pports d esig ners w ith  va rying  interests
a nd  d iffering  a rea s of expertise to work tog eth er b y a llowing  d esig n knowled g e to b e d efined  a nd  b u nd led
into persona l or topic a l g rou ping s. Using  th is m ec h a nism , d esig ners c a n exa m ine th eir d esig n from  m a ny
d ifferent perspec tives in w h ic h  ea c h  perspec tive b ring s d ifferent d esig n knowled g e a nd  c ritic s to b ea r
u pon th e c u rrent d esig n.

All of ou r c ritiqu ing  m ec h a nism s – g eneric , spec ific , a nd  interpretive – su pport d esig n a s a  d elib era tive
proc ess. Besid es sim ply pointing  ou t a  potentia l fla w  in th e d esig n, th ese c ritic s offer a  rea soned  opinion
a s to w h y th eir su g g estion sh ou ld  or sh ou ld  not b e followed . Th is intera c tion style typifies c oopera tive
prob lem -solving  system s: it is th e role of th e c ritiqu ing  system  to b ring  releva nt d esig n knowled g e to th e
d esig ner’s a ttention; it is th e role of th e d esig ner to eva lu a te th e tra d e-offs a nd  m a ke th e fina l d ec isions.

3 . E m b ed d ing  Critic s in Integ ra ted  D esig n E nvironm ents
Ou r ea rly resea rc h  foc u sed  on b u ild ing  a nd  eva lu a ting  g enera l pu rpose (i.e., not-d om a in-oriented )
c ritiqu ing  m ec h a nism s [F isc h er, 1 991  #74 ]. D u ring  la ter work, we b ec a m e interested  in b u ild ing  d om a in-
oriented  d esig n environm ents [F isc h er, 1 992  #2 3 8]. In th e la st few yea rs, we h a ve m erg ed  th ese two
resea rc h  interests b y em b ed d ing  c ritiqu ing  m ec h a nism s into d om a in-oriented  d esig n environm ents. Th is
em b ed d ing  enh a nc es b oth  th e ric h ness of th e c ritiqu ing  proc ess a nd  th e a b ility of ou r d esig n
environm ents to su pport th e c om plex a c tivity of d esig n. Th is sec tion d isc u sses ea rly c ritiqu ing  system s
we h a ve b u ilt a nd  h ow th ey c ontrib u ted  to th e d evelopm ent of th e m u ltifa c eted  a rc h itec tu re, HYD RA, for
d esig n environm ents. A sc ena rio u sing  HYD RA-KITCHE N illu stra tes h ow th e em b ed d ed  c ritiqu ing
m ec h a nism s integ ra te th e va riou s c om ponents in th e d esig n environm ent.
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3 .1 . Ana lyses of E a rly Critiqu ing  System s

Critic a l a na lyses of ou r ea rly sta nd -a lone c ritiqu ing  system s [F isc h er, 1 991  #74 ] a nd  system s b u ilt b y
oth ers [Bu rton, 1 982  #2 1 4 ]; [Silverm a n, 1 992  #2 1 1 ], c om b ined  w ith  em piric a l eva lu a tions, led  u s to
rea lize th a t th e c h a lleng e in b u ild ing  c ritiqu ing  system s is not sim ply to provid e feed b a c k: th e c h a lleng e is
to sa y the right thing at the right time. Ou r a na lyses id entified  severa l sh ortc om ing s in ea rly c ritiqu ing
system s th a t h ind ered  th eir a b ility to sa y th e “rig h t” th ing  a t th e “rig h t” tim e:

a . la c k of d om a in orienta tion;
b . insu ffic ient fa c ilities for ju stifying  c ritic  su g g estions;
c . la c k of a n explic it representa tion of th e u ser’s g oa ls;
d . no su pport for d ifferent ind ivid u a l perspec tives;
e. tim ing  prob lem s w ith  c ritic  intervention stra teg ies.

a. Lack of domain orientation. LISP -CRITIC [F isc h er, 1 987 #1 4 6] a llows prog ra m m ers to requ est
su g g estions on h ow to im prove th eir c od e. Th e system  proposes tra nsform a tions th a t m a ke th e c od e
m ore c og nitively effic ient (i.e., ea sier to rea d  a nd  m a inta in) or m ore m a c h ine effic ient (i.e., fa ster or
sm a ller). However, th e la c k of d om a in orienta tion lim its th e d epth  of c ritic a l a na lysis th e c ritiqu ing  system
c a n provid e. W ith ou t d om a in knowled g e, c ritic  ru les c a nnot b e tied  to h ig h er level c onc epts; LISP -CRITIC
c a n a nswer qu estions su c h  a s w h eth er th e Lisp c od e c a n b e written m ore effic iently, b u t it c a nnot a ssist a
u ser in d ec id ing  w h eth er th e c od e c a n solve a  spec ific  prob lem .

b. Insufficient facility for justifying critic suggestions. FRAM E R [Lem ke, 1 990 #91 ] ena b les d esig ners to
d evelop w ind ow-b a sed  u ser interfa c es on Sym b olic s Lisp m a c h ines. FRAM E R’s knowled g e b a se c onta ins
d esig n ru les for eva lu a ting  th e c om pleteness a nd  synta c tic  c orrec tness of th e d esig n a s well a s its
c onsistenc y w ith  interfa c e style g u id elines. E va lu a tions of FRAM E R sh owed  (1 ) th a t m a ny u sers d id  not
u nd ersta nd  th e c onsequ enc es of following  th e c ritic ’s a d vic e or w h y th e a d vic e w a s b enefic ia l to solving
th eir prob lem , a nd  (2 ) th a t wh en u sers d o not u nd ersta nd  w h y a  su g g estion is m a d e, th ey tend  to b lind ly
follow th e c ritic ’s a d vic e w h eth er or not it is a ppropria te to th eir situ a tion. FRAM E R provid ed  sh ort
expla na tions to a d d ress th is prob lem . However, in d esig n th ere a re not a lw a ys sim ple a nswers; a c c ess to
a rg u m enta tive d isc u ssions d eta iling  th e pros a nd  c ons of a  pa rtic u la r su g g estion a re nec essa ry [Rittel,
1 984  #71 ].

c. Lack of an explicit representation of the user’s goals. JANUS [F isc h er, 1 989 #1 52 ] is a  step tow a rd
a d d ressing  th e previou s sh ortc om ing s. JANUS a llows d esig ners to c onstru c t kitc h en a rc h itec tu ra l floor
pla ns. It c onta ins two integ ra ted  su b system s: a  d om a in-oriented  kitc h en c onstru c tion kit a nd  a n issu e-
b a sed  h yperm ed ia  system  c onta ining  d esig n ra tiona le. Critic s respond  to prob lem s in th e c onstru c tion
situ a tion b y d ispla ying  a  m essa g e a nd  provid ing  a c c ess to a ppropria te ra tiona le in th e h yperm ed ia
system . However, th ese c ritic s often g ive spu riou s or irreleva nt a d vic e resu lting  from  th e la c k of a n
explic it representa tion of th e u ser’s ta sk. Th e only ta sk g oa l b u ilt into JANUS is one of b u ild ing  a  “g ood ”
kitc h en; th a t is, a  kitc h en th a t c onform s to c om m only a c c epted  sta nd a rd s a nd  d esig n pra c tic es. W ith  a n
explic it m od el of th e d esig ner’s intentions for a  particular d esig n, c ritic s c a n b e selec tively ena b led  b a sed
on th is m od el a nd  provid e less intru sive a nd  m ore releva nt a d vic e.

d. No support for different individual perspectives. It is not possib le to a ntic ipa te a ll th e knowled g e
nec essa ry for a  c ritiqu ing  system  to sa y th e “rig h t” th ing  in every d esig n situ a tion. D esig n d om a ins a re
c ontinu a lly evolving  a s new knowled g e is g a ined . JANUS-M OD IFIE R [F isc h er, 1 990 #2 4 0] w a s d eveloped
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to respond  to th is prob lem  b y m a king  th e d om a in knowled g e (inc lu d ing  c ritic s) end -u ser m od ifia b le. Bu t
b eing  a b le to a d d  new knowled g e is not su ffic ient; d ifferent u sers m u st b e a b le to org a nize a nd  m a na g e
d esig n knowled g e a nd  c ritic s to reflec t their perspec tives on d esig n. D esig n environm ents need  to
su pport interpreta tion of a  prob lem  from  m a ny perspec tives (tec h nic a l, stru c tu ra l, fu nc tiona l, a esth etic ,
persona l), a nd  c ritiqu e a c c ord ing ly.

e. Timing problems with critic intervention strategies. A nu m b er of system s [F isc h er, 1 985 #1 4 4 ]; [Bu rton,
1 982  #2 1 4 ] investig a ted  c ritic  intervention stra teg ies, w h ic h  d eterm ine w h en a nd  h ow a  c ritic  sh ou ld
sig na l a  potentia l prob lem . Th is resea rc h  foc u sed  on stu d ying  active versu s passive intervention
stra teg ies. Ac tive c ritic s c ontinu a lly m onitor u ser a c tions a nd  m a ke su g g estions a s soon a s a  prob lem a tic
situ a tion is d etec ted . P a ssive c ritic s a re explic itly invoked  b y u sers to eva lu a te th eir pa rtia l d esig n.

A protoc ol a na lysis stu d y [Lem ke, 1 990 #91 ] sh owed  th a t pa ssive c ritic s were often not a c tiva ted  ea rly
enou g h  in th e d esig n proc ess to prevent d esig ners from  pu rsu ing  solu tions known to b e su b optim a l.
Often, su b jec ts invoked  th e pa ssive c ritiqu ing  system  only a fter th ey th ou g h t th ey h a d  c om pleted  th e
d esig n. By th is tim e, th e effort of repa iring  th e situ a tion w a s expensive. In a  su b sequ ent stu d y u sing  th e
sa m e d esig n environm ent, a n a c tive c ritiqu ing  stra teg y w a s sh own to b e m ore effec tive b y d etec ting
prob lem a tic  situ a tions ea rly in th e d esig n proc ess.

However, ou r intera c tions w ith  professiona l d esig ners sh owed  th a t a c tive c ritic s a re not a  perfec t solu tion
eith er: th ey c a n d isru pt th e d esig ner’s c onc entra tion on th e ta sk a t th e wrong  tim e a nd  interfere w ith
c rea tive proc esses. Interru ption b ec om es even m ore intru sive if th e c ritic s sig na l b rea kd owns a t a
d ifferent level of a b stra c tion c om pa red  to th e level in w h ic h  th e ta sk u sers a re c u rrently eng a g ed . For
exa m ple, if th e d esig ner is c u rrently c onc erned  a b ou t wh ere th e refrig era tor sh ou ld  b e loc a ted  in a
kitc h en floor pla n, th en a  c ritic  su g g estion th a t a  d ou b le-b owl sink is b etter th a n a  sing le-b owl sink is
prob a b ly ina ppropria te a nd  d istra c ting  a t th is point in tim e.

W h a t is need ed  is a  c ritiqu ing  system  th a t: (1 ) a lerts d esig ners to prob lem a tic  solu tions, (2 ) a void s
u nnec essa ry d isru ptions, a nd  (3 ) a llows u sers to c ontrol th e c ritic ’s intervention stra teg y. E m b ed d ing
c ritic s in d esig n environm ents a llows u sers to control c ritic  intervention th rou g h  intera c tion w ith  th e
c onstru c tion, spec ific a tion, a nd  perspec tive d esig n c om ponents b u ilt into th e d esig n environm ent.

3 .2 . HYD RA: A M u ltifa c eted  Arc h itec tu re for D esig n E nvironm ents

D esig n environm ents a re c om pu ter prog ra m s th a t su pport d esig ners in c onc u rrently spec ifying  a  prob lem
a nd  c onstru c ting  a  solu tion. D esig n environm ents provid e inform a tion repositories to store d om a in
knowled g e a nd  a llow desig ners to a c c u m u la te a d d itiona l d om a in-knowled g e th rou g h  intera c tion w ith  th e
environm ent.

HYD RA (F ig u re 2  represents its c om ponents sc h em a tic a lly; F ig u re 3  provid es a  sc reen im a g e) c onta ins
d esig n c rea tion tools in th e form  of a  c onstru c tion c om ponent a nd  a  spec ific a tion c om ponent. D esig n
inform a tion repositories a re provid ed  in th e form  of a rg u m enta tion a nd  c a ta log  knowled g e b a ses. Th e
a rc h itec tu re is multifaceted b ec a u se th ese c om ponents provid e m u ltiple representa tions of b oth  th e
c u rrent d esig n a nd  u nd erlying  d om a in knowled g e. Th e c ritiqu ing  m ec h a nism s integ ra te th ese fa c ets in
th e d esig n environm ent a rc h itec tu re. Th e va riou s representa tions a re m a na g ed  b y th e following  fou r
c om ponents:
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—  Th e construction component is th e princ ipa l m ed iu m  for m od eling  a  d esig n. It provid es a
pa lette of d om a in-oriented  d esig n u nits, w h ic h  c a n b e a rra ng ed  in a  work a rea  u sing  d irec t
m a nipu la tion. D esig n u nits represent prim itive elem ents in th e c onstru c tion of a  d esig n,
su c h  a s sinks a nd  stoves in th e d om a in of kitc h en d esig n. Critic s c a n b e tied  to th ese
d om a in-oriented  d esig n u nits a nd  to rela tionsh ips b etween d esig n u nits.

—  Th e specification component a llows d esig ners to d esc rib e a b stra c t c h a ra c teristic s of th e
d esig n th ey h a ve in m ind . Th e spec ific a tions a re expec ted  to b e m od ified  a nd  a u g m ented
d u ring  th e d esig n proc ess, ra th er th a n to b e fu lly a rtic u la ted  a t th e b eg inning . Th e
spec ific a tion provid es th e system  w ith  a n explic it representa tion of th e u ser’s g oa ls. Th is
inform a tion c a n b e u sed  to ta ilor b oth  th e c ritic  su g g estions pu t forth  a nd  th e a c c om pa nying
expla na tions to th e u ser’s ta sk a t h a nd .

—  Th e argumentative hypermedia component c onta ins d esig n ra tiona le b a sed  on th e
proc ed u ra l h iera rc h y of issu es (P HI) stru c tu re (see F ig u re 5) [M cCa ll, 1 987 #2 09]; [Conklin,
1 988 #1 53 ]. Th e P HI stru c tu re c onsists of issu es, a nswers, a nd  a rg u m ents a b ou t d ec isions
m a d e d u ring  th e c ou rse of d esig n. Users c a n a nnota te a nd  a d d  a rg u m enta tion a s it
em erg es d u ring  th e d esig n proc ess. Arg u m enta tion is a  va lu a b le c om ponent in a  c ritic ’s
expla na tion; it id entifies th e pros a nd  c ons of following  a  c ritic  su g g estion a nd  h elps th e u ser
to u nd ersta nd  th e c onsequ enc es of following  a  su g g estion.

—  Th e catalog component provid es a  c ollec tion of previou sly c onstru c ted  d esig ns. Th ese
illu stra te exa m ples w ith in th e spa c e of possib le d esig ns in th e d om a in a nd  su pport reu se
[P rieto-D ia z, 1 987 #2 2 6] a nd  c a se-b a sed  rea soning  [Kolod ner, 1 991  #2 2 5]. Ca ta log  entries
a re a lso im porta nt c om ponents in a  c ritic ’s expla na tion. Often a  c ritic  d oes not su g g est a
c ou rse of a c tion b u t instea d  points ou t a  d efic ienc y in th e c u rrent d esig n; c a ta log  entries c a n
th en b e u sed  a s spec ific  exa m ples illu stra ting  sa m ple solu tions th a t a d d ress a  d efic ienc y
noted  b y a  c ritic .
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F ig u re 2 . Th e c ritiqu ing  proc ess w ith in HYD RA. Th e links b etween th e c om ponents
– th e CONSTRUCTION ANALYZE R a nd  th e ARGUM E NTATION ILLUSTRATOR – a re
c ru c ia l for exploiting  th e synerg y of th e integ ra tion.

Th is a rc h itec tu re d erives its power from  th e integration of its c om ponents. W h en u sed  in c om b ina tion,
ea c h  c om ponent a u g m ents th e va lu e of th e oth ers in a  synerg istic  m a nner. Th e c om ponents of th e
a rc h itec tu re a re integ ra ted  b y two linking  m ec h a nism s (see F ig u re 2 ). Tog eth er, th ese linking
m ec h a nism s su pport th e c ritiqu ing  proc ess b y provid ing  c ritic  m essa g es, expla na tory a rg u m enta tion, a nd
illu stra tive exa m ples:

—  Th e CONSTRUCTION ANALYZER is th e c ore c ritiqu ing  c om ponent in HYD RA. Th is
m ec h a nism  a na lyzes th e d esig n c onstru c tion for c om plia nc e w ith  th e c u rrently ena b led  set
of c ritic  ru les. W h en a  la c k of c om plia nc e is d etec ted , th e c ritic  sig na ls a  b rea kd own a nd
provid es entry into th e exa c t pla c e in th e a rg u m enta tive h yperm ed ia  c om ponent in w h ic h
th e a ppropria te expla na tion is loc a ted .

—  Th e ARGUMENTATION ILLUSTRATOR c a n retrieve b oth  positive a nd  neg a tive c a ta log
exa m ples to illu stra te th e prob lem a tic  situ a tion d etec ted  b y th e CONSTRUCTION ANALYZE R.
P rovid ing  spec ific  exa m ples is essentia l b ec a u se th e expla na tion g iven in th e form  of
a rg u m enta tion is often h ig h ly a b stra c t a nd  c onc eptu a l. Conc rete d esig n exa m ples th a t
m a tc h  th is expla na tion a ssist d esig ners in u nd ersta nd ing  th e potentia l prob lem , a ssessing
th e d esig n situ a tion, a nd  d evising  a  solu tion.

In a d d ition to th e c onstru c tion a nd  a rg u m enta tion c om ponents of its pred ec essor, JANUS, HYD RA
su pports a  spec ific a tion c om ponent [F isc h er, 1 991  #77] a nd  a  c a ta log  of d esig ns. Th e spec ific a tion
form a t is b a sed  on qu estionna ires u sed  b y professiona l kitc h en d esig ners to elic it th eir c u stom ers’
requ irem ents, su c h  a s th e kitc h en owner’s c ooking  h a b its a nd  fa m ily size. E a c h  c om ponent in HYD RA
c onta ins d esig n knowled g e th a t c a n b e u sed  b y a n em b ed d ed  c ritiqu ing  m ec h a nism  to overc om e th e
d efic ienc ies of th e sta nd -a lone system s previou sly d esc rib ed .
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As m entioned  in Sec tion 2 .2 , we h a ve stu d ied  th ree c la sses of em b ed d ed  c ritiqu ing  m ec h a nism s:
g eneric , spec ific , a nd  interpretive c ritic s. Th ese m ec h a nism s em b od y d ifferent types of d esig n knowled g e
a nd  c orrespond  to th ree d im ensions of em b ed d ing . Generic critics a re em b ed d ed  in th e c onstru c tion a nd
u se d om a in knowled g e c onc erning  d esira b le spa tia l rela tionsh ips b etween d esig n u nits to d etec t
prob lem a tic  situ a tions in th e pa rtia l d esig n c onstru c tion. Specific critics a re em b ed d ed  in th e pa rtia l
spec ific a tion a nd  ta ke a d va nta g e of a d d itiona l knowled g e in th e pa rtia l spec ific a tion to d etec t
inc onsistenc ies b etween th e d esig n c onstru c tion a nd  th e d esig n spec ific a tion. Interpretive critics a re
em b ed d ed  in a  perspec tive m ec h a nism  th a t ena b les d esig ners to c rea te topic a l g rou ping s of c ritic s a nd
d esig n knowled g e; su c h  g rou ping s su pport d esig ners in exa m ining  th eir a rtifa c ts from  d ifferent
viewpoints. Th e a rg u m enta tion a nd  c a ta log  c om ponents provid e ric h  sou rc es of d om a in knowled g e th a t
a ll th ree m ec h a nism s u se in th eir expla na tion proc ess w h en c om m u nic a ting  w ith  th e d esig ner.

Th e following  sec tion provid es a  sc ena rio d epic ting  h ow kitc h en d esig ners work w ith in th e HYD RA
environm ent. Th e sc ena rio d esc rib es th e th ree c ritiqu ing  m ec h a nism s a nd  it illu stra tes th e b enefits
d erived  from  em b ed d ing  th ese m ec h a nism s in th e m u ltifa c eted  a rc h itec tu re.
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3 .3 . Sc ena rio Illu stra ting  Generic , Spec ific , a nd  Interpretive Critic s

Im a g ine th a t Bob , a  professiona l kitc h en d esig ner, h a s b een a sked  to d esig n a  kitc h en for th e Sm ith
fa m ily. Th e pa rtia l spec ific a tion of th e Sm ith ’s kitc h en is a rtic u la ted  u sing  HYD RA, a s sh own in Fig u re 3 .

Bob  b eg ins working  on a  floor pla n in th e c onstru c tion a rea . He m oves th e d ish w a sh er next to th e
c a b inet. Bob ’s a c tion trig g ers a  generic critic, a nd  th e m essa g e, “Th e d ish w a sh er is too fa r from  th e sink,”
is d ispla yed . Generic  c ritic s reflec t knowled g e th a t a pplies to a ll d esig ns, su c h  a s a c c epted  sta nd a rd s,
b u ild ing  c od es, a nd  d om a in knowled g e b a sed  on ph ysic a l princ iples. Often, th is g eneric  knowled g e c a n
b e fou nd  in textb ooks, tra ining  c u rric u la , or b y interviewing  d om a in pra c titioners. Bob  h ig h lig h ts th e c ritic ’s
m essa g e a nd  elec ts to see its a ssoc ia ted  a rg u m enta tion. Th e a rg u m enta tion expla ins th a t plu m b ing
g u id elines requ ire th e d ish w a sh er to b e w ith in one m eter of th e sink. Bob  follows th e c ritic ’s su g g estion
a nd  m oves th e d ish w a sh er next to th e rig h t sid e of th e sink (for d eta ils, see F isc h er, et a l. [F isc h er, 1 991
#74 ]).

Th is a c tion trig g ers a  specific critic w ith  th e ru le, “If you  a re left-h a nd ed , th e d ish w a sh er sh ou ld  b e on th e
left sid e of th e sink.” Spec ific  c ritic s reflec t d esig n knowled g e th a t is tied  to situ a tion-spec ific  ph ysic a l
c h a ra c teristic s a nd  d om a in-spec ific  c onc epts th a t not every d esig n will sh a re. Th ese c ritic s a re
c onstru c ted  d yna m ic a lly from  th e pa rtia l spec ific a tion to reflec t c u rrent d esig n g oa ls. Th is pa rtic u la r c ritic
ru le w a s a c tiva ted  b ec a u se Bob  spec ified  th a t th e prim a ry c ook is left-h a nd ed  (see F ig u re 3 ). Bob
exa m ines th e su pporting  a rg u m enta tion, “Ha ving  th e d ish w a sh er to th e left of th e sink c rea tes a n effic ient
work flow for a  left-h a nd ed  person.” Bob  d ec id es th is is a n im porta nt c onc ern a nd  pu ts th e d ish w a sh er on
th e left sid e of th e sink.

Th en Bob  rem em b ers th a t th e Sm ith s a re rem od eling  m a inly to inc rea se th eir property va lu e in
a ntic ipa tion of selling  in two yea rs. So Bob  d ec id es to exa m ine h is d esig n from  a  resa le-va lu e
perspec tive. W h en Bob  switc h es to th e resa le-va lu e perspec tive, a n interpretive critic is trig g ered  w ith  th e
ru le, “Th e d ish w a sh er sh ou ld  b e on th e rig h t sid e of th e sink.” Interpretive c ritic s su pport d esig n a s a
interpretive proc ess b y a llowing  d esig ners to interpret th e d esig n situ a tion from  d ifferent perspec tives
a c c ord ing  to th eir interests. In th is perspec tive, th e c ritic  a b ou t th e d ish w a sh er a nd  sink h a s b een
red efined  a nd  its a ssoc ia ted  ra tiona le h a s b een m od ified . Now th e a rg u m enta tion sa ys, “Optim izing  you r
kitc h en for left-h a nd ed  c ooks c a n a d versely a ffec t th e h ou se’s resa le va lu e sinc e m ost kitc h en u sers a re
rig h t-h a nd ed .” Bob  d ec id es th a t enh a nc ing  th e Sm ith s’ resa le va lu e is th e m ore im porta nt c onsid era tion
a nd  m oves th e d ish w a sh er. As long  a s h e rem a ins in th e resa le-va lu e perspec tive, Bob  w ill b e inform ed
b y th e c ritic s w h enever th ey d etec t a  fea tu re neg a tively a ffec ting  resa le va lu e. Ad d itiona lly, th e c ritic s w ill
provid e Bob  a c c ess to a rg u m enta tion c onc erning  d esig ning  for resa le.

Fig u re 3 . Sc reen im a g e of HYD RA-KITCHE N. Th e “Cu rrent Spec ific a tion” w ind ow sh ows a
su m m a ry of c u rrently selec ted  a nswers u sing  th e spec ific a tion c om ponent. An ind ic a tor
a tta c h ed  to ea c h  of th e selec ted  a nswers a llows u sers to a ssig n weig h ts of im porta nc e to
th e spec ified  item  in ord er to set priorities. Th e “Ca ta log ” w ind ow sh ows previou s kitc h en
d esig ns th a t c a n b e exa m ined  or reu sed . Th e “Cu rrent Constru c tion” w ind ow sh ows a
pa rtia l c onstru c tion b eing  b u ilt u sing  c om ponents provid ed  in a  pa lette of kitc h en d esig n
u nits (not sh own). Th e “M essa g es” w ind ow is u sed  to present c ritic  notific a tion
m essa g es. Th e nu m b er a tta c h ed  to th e c ritic  m essa g e is a  weig h ted  m ea su re ind ic a ting
th e releva nc e of th e fired  c ritic .
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4 . Th ree E m b ed d ed  Critiqu ing  M ec h a nism s
Th is sec tion d esc rib es in d eta il th ree em b ed d ed  c ritiqu ing  m ec h a nism s – generic, specific, a nd
interpretive c ritic s. E xa m ples of h ow th ese th ree c ritic  styles a re d eployed  w a s illu stra ted  in th e previou s
sc ena rio. In a ll th ree m ec h a nism s, c ritic  knowled g e is c a ptu red  b y ru les w ith  c ond ition a nd  a c tion pa rts.
Th e condition c la u se c h ec ks w h eth er a  c erta in situ a tion exists in th e c u rrent d esig n c onstru c tion. Th e
action c la u se notifies th e d esig ner th a t a  pa rtic u la r situ a tion h a s b een d etec ted . F ig u re 4  illu stra tes a
c ond ition-a c tion c ritic  ru le in w h ic h  th e c ond ition c h ec ks if th e stove is a w a y from  th e w ind ow; th e a c tion
pa rt notifies th e d esig ner th a t “th e stove is not a w a y from  th e w ind ow.”

For a ll th ree m ec h a nism s, th e b a sic  c ritiqu ing  proc ess c onsists of th e following  ph a ses: (1 ) th e set of
a ppropria te c ritic  ru les to b e ena b led  is id entified ; (2 ) th e d esig n c onstru c tion is th en a na lyzed  for
c om plia nc e w ith  th e c u rrently ena b led  set of c ritic  ru les; (3 ) w h en a  la c k of c om plia nc e is d etec ted , th e
c ritic  sig na ls a  possib le prob lem  a nd  provid es entry into th e a rg u m enta tive h yperm ed ia  c om ponent in
wh ic h  th e a ppropria te expla na tion is loc a ted ; a nd  (4 ) c onc rete c a ta log  exa m ples th a t illu stra te th e
expla na tion g iven in th e form  of a rg u m enta tion c a n optiona lly b e d elivered  [F isc h er, 1 991  #74 ]. As
illu stra ted  in Ta b le 1 , th e th ree c ritic  m ec h a nism s d iffer m a inly in term s of h ow th ey ena b le c ritic  ru les a nd
in th e types of d esig n knowled g e em b od ied  in th eir ru les.

Ta b le 1 . Th e th ree c ritic  m ec h a nism s – g eneric , spec ific , a nd  interpretive - d iffer in h ow
th ey ena b le c ritic  ru les, th e ru les’ sc ope of a pplic a b ility, a nd  th e types of d esig n
knowled g e ea c h  m ec h a nism  is b est su ited  to represent.

Generic critics [F isc h er, 1 991  #74 ] a re ena b led  b y th e pla c em ent of d esig n u nits into th e c onstru c tion
a rea . Th ese c ritic s a pply to a ll d esig ns c onta ining  th e d esig n u nit to w h ic h  th e c ritic s a re a tta c h ed .
Generic  c ritic s reflec t knowled g e th a t is a pplic a b le to a ll d esig ns, su c h  a s a c c epted  sta nd a rd s or
reg u la tions or d om a in knowled g e b a sed  on ph ysic a l princ iples (see Ta b le 1 ).

How  E na b led Applic a b ility D esig n Know led g e E xa m ple

Generic E na b led  b y pla c ing All d esig ns Sta nd a rd s Ca b inets sh ou ld  b e 1 50 c m . 
 a b ove floor.d esig n u nits into th e

c onstru c tion a rea P h ysic a l P rinc iples Hea t ig nites fla m m a b le ob jec ts.

Spec ific E na b led  b y th e Spec ific  
d esig n

Situ a tion Ch a ra c teristic s Cook is left-h a nd ed  a nd  1 50c m . 
 in h eig h t.pa rtia l spec ific a tion

Ab stra c t D om a in Conc epts E ffic ienc y;  sa fety.

Interpretive E na b led  b y th e Spec ific M u ltiple interpreta tions Ca b inet h eig h t:  c onvenient for 
 c ook.c u rrently a c tive perspec tive of domain concepts

d esig n perspec tive Ca b inet h eig h t:  d esira b le for 
 resa le va lu e.
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Specific critics [Na ka koji, 1 993  #2 4 2 ] a re c onstru c ted  d yna m ic a lly to reflec t th e d esig ner’s g oa ls a s th ey
a re sta ted  explic itly in th e spec ific a tion c om ponent. Th ese c ritic s a pply only to th e d esig n situ a tion
c u rrently u nd er c onsid era tion. Spec ific  c ritic s reflec t d esig n knowled g e th a t is tied  to situ a tion-spec ific
ph ysic a l c h a ra c teristic s a nd  d om a in-spec ific  c onc epts th a t not every d esig n will sh a re.

Interpretive critics [Sta h l, 1 993  #1 71 ] provid e a  m ec h a nism  for su pporting  d esig n a s a n interpretive
proc ess; th a t is, th ey a re a  response to th e rec og nition th a t d om a in c onc epts su c h  a s “c a b inet h eig h t”
a nd  “effic ienc y” c a n h a ve m ore th a n one d efinition or interpreta tion d epend ing  u pon th e c u rrent situ a tion
a nd  th e d esig ner. Interpretive c ritic s a llow desig ners to view th eir work from  m u ltiple perspec tives b y
c rea ting , m a na g ing , a nd  selec tively a c tiva ting  d ifferent sets of d esig n knowled g e.

Spec ific  exa m ples illu stra ting  ea c h  of th ese c ritic  m ec h a nism s w ill b e d isc u ssed  b elow. Generic  c ritic s w ill
b e u sed  to d isc u ss th e b a sic  c ritiqu ing  proc ess d esc rib ed  a t th e b eg inning  of th is sec tion. Th e th ree
m ec h a nism s for em b ed d ed  c ritic s d iffer from  one a noth er prim a rily in h ow th ey d eterm ine w h ic h  set of
c ritic  ru les sh ou ld  b e ena b led . Th e d isc u ssion of spec ific  c ritic s a nd  interpretive c ritic s w ill foc u s on h ow
th ese m ec h a nism s d eterm ine w h ic h  c ritic s a re c u rrently ena b led .

4 .1 . Generic  Critic s

Generic  c ritic s reflec t knowled g e th a t a pplies to a ll d esig ns, su c h  a s a c c epted  sta nd a rd s, b u ild ing  c od es,
a nd  d om a in knowled g e b a sed  on ph ysic a l princ iples. Often, th is g eneric  knowled g e c a n b e fou nd  in
textb ooks, tra ining  c u rric u la , or b y interviewing  d om a in pra c titioners. A g eneric  c ritic  representing  a n
a c c epted  kitc h en d esig n sta nd a rd  is th e c a b inet h eig h t c ritic . Kitc h en d esig ners a g ree th a t u nless m ore
spec ific  inform a tion reg a rd ing  th e prim a ry c ook is known, th e top c a b inets sh ou ld  b e pla c ed  1 50 c m .
a b ove th e floor. A g eneric  c ritic  reflec ting  d om a in knowled g e b a sed  on sa fety princ iples is th e “stove
sh ou ld  b e a w a y from  th e w ind ow” ru le sh own in Fig u re 4 . Th is ru le reflec ts th e princ iple th a t ob jec ts th a t
g enera te h ea t (e.g ., th e stove) sh ou ld  not b e pla c ed  u nd er fla m m a b le ob jec ts (e.g ., th e c u rta ins on th e
wind ow).

Generic  c ritic s in HYD RA a re im plem ented  a s ob jec t-oriented  m eth od s of a pplia nc es a nd  oth er d esig n
u nits in th e d esig n c onstru c tion. W h en th e d esig n c onstru c tion is a ltered , a ll d esig n u nits im plic a ted  b y
th e c h a ng es eva lu a te th eir c ritic  m eth od s. Th ese m eth od s a re d efined  a nd  pa ra m eterized  b y th e
inform a tion in property sh eets su c h  a s th ose sh own in Fig u re 4 . For exa m ple, th e ru le b ox sh own d efines
a  g eneric  c ritic  for stoves. Th is m eth od  c h ec ks th a t th e stove is “a w a y from ” a ll w ind ows in th e
c onstru c tion a rea .
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F ig u re 4 . Th e “stove sh ou ld  b e a w a y from  th e w ind ow” c ritic  ru le a nd  th e d efinition of th e
“a w a y-from ” spa tia l rela tion.

Th e c ond ition a w a y-from  is d efined  in th e rela tion property sh eet a s ta king  two ob jec ts a nd  eva lu a ting
w h eth er or not th e m inim u m  d ista nc e b etween th em  is g rea ter th a n 1 2  inc h es. Th e c orrespond ing
m essa g e for d ispla y if th is c ond ition is not m et is th e c ritiqu e: th e first ob jec t “is not a w a y from ” th e
sec ond  ob jec t.

Th e c ritic  d efined  in th e ru le sh eet a pplies th is rela tion to th e stove a s th e first pa ra m eter a nd  sequ entia lly
to ea c h  w ind ow in th e c onstru c tion a s th e sec ond  pa ra m eter. Th e d efinition spec ifies th a t th is ru le sh a ll
b e a pplied  to a ll w ind ows (Apply to: All) b ec a u se stoves sh ou ld  b e a w a y from  a ll w ind ows to prevent fires.
Oth er c ritic  ru les spec ify only th a t th ere sh ou ld  exist a t lea st one ob jec t in th e c onstru c tion (Apply to:
One) th a t m a tc h es th e c ond ition rela tion w ith  th e first pa ra m eter -- for exa m ple, th e d ish w a sh er sh ou ld  b e
nea r a t lea st one sink.

Fu rth er requ irem ents c a n b e spec ified  for th e a pplic a b ility of th e c ritic  ru le. Th ese a pplic a b ility
requ irem ents m a ke u se of d om a in c onc epts like “g enera tes h ea t,” “h a s c u rta ins,” a nd  “is fla m m a b le.” In
th e exa m ple ru le, a  stove h a s to b e a w a y from  a  w ind ow only if th e stove g enera tes h ea t (e.g ., it is not a
m ic rowa ve), if th e w ind ow h a s c u rta ins, a nd  if th e c u rta ins a re fla m m a b le. F ina lly, th e d efinition of th e
c ritic  lists a  topic  in th e a rg u m enta tion issu e-b a se th a t will b e d ispla yed  if th is c ritic  fires a nd  th e u ser
selec ts th e c ritic  m essa g e.

All g eneric  c ritic s in HYD RA a re d efined  th rou g h  property sh eets like th ese for ru les a nd  rela tions. Using
th ese property sh eets, d esig ners a re a b le to m od ify th e d efinitions of existing  c ritic s a nd  to c rea te
a d d itiona l c ritic s.

Critic s inform  d esig ners of potentia lly prob lem a tic  situ a tions b y u sing  a  th ree-tiered  a pproa c h  th a t
involves sim ple notific a tion, su pporting  a rg u m enta tion, a nd  spec ific  exa m ples. F irst, th e c ritic  sig na ls th e
d esig ner of a  potentia lly prob lem a tic  situ a tion w ith  a  sim ple initia l notific a tion m essa g e. Th e form  of th is
initia l notific a tion m essa g e is d efined  b y th e c ritiqu e ph ra se in th e spa tia l rela tion d efinition. Th e c ritic
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sh own in Fig u re 4  wou ld  d ispla y th e m essa g e “Stove-1  is not a w a y from  W ind ow-1 .” Va ria b les in th e
notific a tion string  a re resolved  into spec ific  d esig n u nits b y th e c ritic  ru le u sing  th e spa tia l rela tion.
Assoc ia ting  notific a tion m essa g es w ith  th e spa tia l rela tions a llows th ese m essa g es to b e sh a red  b y m a ny
c ritic  ru les. Th e d ownsid e of th is a pproa c h  is th a t th e notific a tion m essa g e sig na ls only th a t a  spa tia l
rela tion w a s d etec ted  a nd  d oes not report wh y th is is sig nific a nt.

As d isc u ssed  in Sec tion 3 .1 , ou r work h a s sh own th a t su c h  “one-sh ot” notific a tions, w h ic h  m erely id entify
a  situ a tion, a re ina d equ a te. Critic s th a t su pport d esig n a s a n a rg u m enta tive proc ess [Rittel, 1 984  #71 ]
sh ou ld  b e c a pa b le of presenting  d ifferent a lterna tives a nd  opinions a nd  ea c h  a lterna tive’s c orrespond ing
a d va nta g es a nd  d isa d va nta g es. Th e c ritiqu ing  system s u se th e a rg u m enta tion c om ponent of HYD RA to
provid e th e sec ond  tier of expla na tion, th ereb y “m a king  a rg u m enta tion serve d esig n’’ [F isc h er, 1 991  #75].

E a c h  c ritic  ru le h a s a n a ssoc ia ted  link into th e a rg u m enta tion c om ponent w h ere issu es perta ining  to th e
situ a tion id entified  b y th e c ritic  a re d isc u ssed . For th e c ritic  in F ig u re 4 , th e a ssoc ia ted  link is fou nd  in th e
slot “Arg u m enta tion Topic : a nswer (stove, w ind ow).” Th e d esig ner c a n view th e c ritic ’s a ssoc ia ted  d esig n
ra tiona le b y selec ting  th e initia l notific a tion m essa g e d ispla yed  in th e M essa g e a rea  (F ig u re 3 ). Bec a u se
d esig n ra tiona le c onta ins d esig n issu es a c c om pa nied  b y positive a nd  neg a tive a rg u m enta tion, c ritic
expla na tions in th is form  h elp th e d esig ner u nd ersta nd  w h y th e c u rrent d esig n situ a tion m a y b e sig nific a nt
or prob lem a tic .

Som etim es d esig ners m a y not u nd ersta nd  th e a rg u m ents m a d e in th e d esig n ra tiona le or th ey m a y
u nd ersta nd  th e a rg u m ents b u t not know w h a t a c tion to ta ke. In th ese situ a tions, provid ing  d esig ners w ith
spec ific  exa m ples c a n b e h elpfu l. Th e th ird  tier of c ritic  expla na tion d elivers spec ific  exa m ples u pon
requ est th a t illu stra te th e issu e b eing  d isc u ssed . D esig ners c a n selec t a n issu e in th e a rg u m enta tion a nd
requ est to see a  positive exa m ple or a  c ou nter exa m ple. As illu stra ted  in F ig u re 4 , c ritic  c ond itions a re
a ssoc ia ted  w ith  a rg u m enta tion issu es. W h en th e d esig ner requ ests to see a n exa m ple of a  spec ific  issu e,
th e ARGUM E NTATION ILLUSTRATOR (see F ig u re 5) ta kes th e c ritic  c ond ition a ssoc ia ted  w ith  th e selec ted
a rg u m enta tion issu e a nd  sea rc h es th e c a ta log  c om ponent for exa m ples th a t fu lfill th e c ond ition.
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F ig u re 5. Arg u m enta tion c onsists of issu es, a nswers, a nd  a rg u m ents su pporting  or
refu ting  a nswers. Th e d esig ner c a n view th e stove-a w a y-from -wind ow critic ’s a ssoc ia ted
d esig n ra tiona le b y selec ting  th e initia l notific a tion m essa g e d ispla yed  in th e M essa g e
a rea  (e.g . “Stove-1  is not a w a y from  W ind ow-1 ”) of F ig u re 3 . Th e a rg u m ents sh own
expla in w h y m a ny kitc h en d esig ners b elieve wind ows a nd  stoves sh ou ld  not b e a d ja c ent.
Ch oosing  th e m enu  item  “Sh ow E xa m ple” c a u ses exa m ple d esig ns th a t illu stra te th e
a nswer a d voc a ted  in th e a rg u m enta tion to b e d elivered  to th e d esig ner.

4 .2 . Spec ific  Critic s

In HYD RA, spec ific a tion knowled g e is rela ted  to: (1 ) situ a tion-spec ific  ph ysic a l c h a ra c teristic s su c h  a s th e
size a nd  sh a pe of th e kitc h en or th e owner’s h eig h t, (2 ) spec ified  requ irem ents su c h  a s “a  d ish w a sh er
sh ou ld  b e inc lu d ed ,” a nd  (3 ) a b stra c t d om a in c onc epts su c h  a s sa fety a nd  effic ienc y. Th e spec ific a tion
issu es were d erived  from  qu estionna ires u sed  b y professiona l kitc h en d esig ners [Na ka koji, 1 993  #2 4 2 ].

Spec ific  c ritic s eva lu a te th e c onstru c tion situ a tion for c om plia nc e w ith  th e pa rtia l spec ific a tion. Th ey
red u c e th e intru siveness of a  c ritiqu ing  system  b y na rrowing  th e ena b led  c ritic s to th ose th a t a re releva nt
to th e ta sk a t h a nd  a s d eterm ined  from  th e pa rtia l spec ific a tion. Spec ific a tion-linking  ru les [F isc h er, 1 991
#77] a re u sed  to d yna m ic a lly id entify th e set of spec ific  c ritic s to b e ena b led .

Th e spec ific a tion c onsists of issu e/a nswer pa irs (see F ig u res 3  a nd  6). A spec ific a tion linking  ru le
represents a  d epend enc y b etween a n issu e/a nswer pa ir in th e spec ific a tion a nd  a ssoc ia ted  pro a nd  c on
a rg u m ents in th e a rg u m enta tion c om ponent. As sh own in Fig u re 6, a  spec ific a tion linking  ru le c onnec ts
th e a rg u m enta tion issu e “W h ere sh ou ld  th e stove b e loc a ted ?” w ith  th e spec ific a tion item  “Is sa fety
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im porta nt to you ?” Th e sh a red  d om a in d istinc tion “sa fety” is u sed  to esta b lish  a  d epend enc y b etween th is
pa rtic u la r spec ific a tion item  a nd  th e a rg u m enta tion issu e.

A c ritic  c ond ition is a ssoc ia ted  w ith  ea c h  a nswer in th e spec ific a tion, a nd  a  d om a in d istinc tion is
a ssoc ia ted  w ith  ea c h  a rg u m ent. D om a in d istinc tions a re a  voc a b u la ry for expressing  d om a in c onc epts,
su c h  a s sa fety or effic ienc y. W h enever th e d esig ner m od ifies th e spec ific a tion, th e c ritiqu ing  system
rec om piles th e spec ific a tion-linking  ru les to reflec t th e newly releva nt d om a in d istinc tions. In th is w a y,
c ritiqu ing  c riteria  a re tied  to a  representa tion of th e pa rtia lly a rtic u la ted  g oa ls of a  spec ific  d esig n projec t.

Where should the stove be located?Issue:

Answer: The stove should be away from all doors.

sa fetyDomain-distinction:

Arguments:[pros]

Arguments:[cons]

 (a w a y-from  stove d oor)Critic Condition:

If stove is not away from a door,  
it is a fire-hazard.

If stove is away from a door,  
it is not convenient for serving  
meals.

effic ienc yDomain-distinction:

Argumentation-Base

Is safety important to you?Issue:
Answer: Yes

sa fetyDomain-distinction:

Specification

DW

Construction

sa fety -> (a w a y-from  stove d oor)

Specification-linking rule

F ig u re 6. D eriva tion of th e Spec ific a tion-Linking  Ru les. Th e d om a in d istinc tion a ssoc ia ted
w ith  a  spec ific a tion item  is pa ired  w ith  a  m a tc h ing  pro or c on a rg u m ent in th e h yperm ed ia
issu e b a se. Th e c ritic  c ond ition a ssoc ia ted  w ith  a n a nswer is linked  w ith  th e d om a in
d istinc tion to form  a  spec ific  c ritic  ru le.

Th e opera tion of th e spec ific a tion-linking  ru les c a n b est b e c onveyed  w ith  a n exa m ple. Assu m e th e
d esig ner knows th a t th e kitc h en owners h a ve you ng  c h ild ren a nd  h e spec ifies th a t h a ving  a  sa fe (c h ild -
proof) kitc h en is very im porta nt (F ig u re 6). Th e d om a in d istinc tion a ssoc ia ted  w ith  th is spec ific a tion item
is “sa fety.” In th e a rg u m enta tion, a nswers (e.g ., “th e stove sh ou ld  b e a w a y from  a ll d oors”) a re a ssoc ia ted
w ith  c ritic  c ond itions (e.g ., “a w a y-from  stove d oor”). P ro a nd  c on a rg u m ents a re a ssoc ia ted  w ith  d om a in
d istinc tions. In F ig u re 6, th e d om a in d istinc tion “sa fety” is a ssoc ia ted  w ith  th e pro a rg u m ent a nd  th e
d om a in d istinc tion “effic ienc y” is a ssoc ia ted  w ith  th e c on a rg u m ent.

Spec ific a tion-linking  ru les link th e d om a in d istinc tions a c tiva ted  in th e spec ific a tion w ith  th e a ppropria te
c ritic  c ond ition. F irst, th e a rg u m enta tion is a na lyzed  u ntil th e d om a in d istinc tion a c tiva ted  in th e
spec ific a tion (sa fety) is fou nd . If th e d om a in d istinc tion is a ssoc ia ted  w ith  a  pro a rg u m ent, th en a
spec ific a tion-linking  ru le is c rea ted  w ith  th e form : d om a in d istinc tion im plies c ritic  c ond ition. If th e d om a in
d istinc tion is a ssoc ia ted  w ith  a  c on a rg u m ent, th en a  spec ific a tion-linking  ru le is c rea ted  w ith  th e form :
d om a in d istinc tion im plies not c ritic  c ond ition. Th e spec ific a tion-linking  ru les “sa fety im plies stove a w a y-
from  d oor” a nd  “effic ienc y im plies stove not a w a y-from  d oor” c a n b e d erived  from  th e exa m ple in F ig u re
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7. W h enever th e d esig ner m od ifies th e spec ific a tion, th e c ritiqu ing  system  rec om pu tes th e spec ific a tion-
linking  ru les. For th e pa rtia l spec ific a tion sh own in Fig u re 7, spec ific a tion-linking  ru les su pporting  th e
notion of sa fety w ill b e c onstru c ted . Th e rig h t sid e of th e spec ific a tion ru les a re th e ena b led  c ritic
c ond itions u sed  to eva lu a te th e d esig n c onstru c tion for a d h erenc e to th e c u rrent spec ific a tion.

Often, c onflic ts b etween spec ific  c ritic s a rise. Th e d esig ner c ou ld  h a ve spec ified  th a t h e w a s c onc erned
with  b oth  sa fety a nd  effic ienc y. For exa m ple, h a ving  th e stove to th e left of th e refrig era tor m a y b e
effic ient, b u t it m a y a lso b e less sa fe if th is pla c es th e stove next to a  d oor. Using  th e spec ific a tion
c om ponent, th e d esig ner c a n not only sta te w h ic h  c onc epts a re of interest, h e c a n a lso a rtic u la te h is level
of interest b y weig h ting  spec ific a tion item s. Th e c ritiqu ing  system  u ses th ese weig h ts to h elp prioritize
c ritic  a c tivity. W h en a  c ritic  fires, it d ispla ys a n im porta nc e weig h t next to th e initia l notific a tion m essa g e
th a t reflec ts th e weig h ts a ssig ned  to th e spec ific a tion item s th a t ena b led  th e pa rtic u la r c ritic  ru le (see
Fig u re 3 ). Th e d esig ner c a n th en ta ke th ese rela tive weig h ts into a c c ou nt w h en d ec id ing  to respond  to th e
c ritic  m essa g es.

4 .3 . Interpretive Critic s

D esig n c a n b e viewed  a s a n interpretive proc ess [Sta h l, 1 993  #1 71 ]. D esig ners a nd  th eir c lients interpret
th e d esig n situ a tion a c c ord ing  to persona l b a c kg rou nd s, experienc es, a nd  c onc erns. Th is m ea ns th a t
th ere c a nnot b e a  u niqu e set of d om a in knowled g e th a t is a d equ a te for a ll people a nd  a ll interests. W e
h a ve prototyped  a  d esig n environm ent [Sta h l, 1 992  #1 69] w ith  perspectives [Bob row, 1 980 #2 3 6] to
provid e a lterna tive views or a pproa c h es to g iven d esig n situ a tions. Th e perspec tives m ec h a nism
org a nizes a ll th e d esig n knowled g e in th e system . It a llows item s of knowled g e to b e b u nd led  into
persona l or topic a l g rou ping s or versions. For insta nc e, a  resa le-va lu e perspec tive m ig h t inc lu d e c ritic s
a nd  d esig n ra tiona le pertinent to h om eowners c onc erned  a b ou t th eir h om e’s resa le a ppea l. A kitc h en
d esig n environm ent m ig h t h a ve perspec tives for eva lu a ting  kitc h ens from  th e perspec tive of a n
elec tric ia n, a  plu m b er, a n interior d esig ner, a  rea ltor, a  m ortg a g e writer, or a  c ity inspec tor. P erspec tives
c ou ld  a lso b e d efined  for ind ivid u a ls w h o h a ve spec ia l preferenc es or for spec ific  kitc h ens. A perspec tive
for th e Sm ith ’s kitc h en wou ld  inc lu d e d esig n ra tiona le for its u niqu e set of d esig n d ec isions, so th a t a ny
fu tu re m od ific a tions c ou ld  b e c h ec ked  for c onsistenc y w ith  th ose d ec isions.

Th e org a niza tion of knowled g e b y perspec tives enc ou ra g es u sers to view th e knowled g e in term s of
stru c tu red , m ea ning fu l c a teg ories, w h ic h  th ey c a n c rea te a nd  m od ify. It provid es a  stru c tu re of c ontexts
th a t c a n c orrespond  to c a teg ories m ea ning fu l in th e d esig n d om a in. Th is c a n ea se th e c og nitive b u rd en of
m a nipu la ting  la rg e nu m b ers of a lterna tive versions of c ritic s a nd  oth er d esig n knowled g e.

Interpretive c ritic s a re th e resu lt of intera c tions b etween th e perspec tives stru c tu re a nd  th e c ritic
m ec h a nism s (F ig u re 7). Critic s a re a ssoc ia ted  w ith  d esig n perspec tives. Th e perspec tives provid e a
m ec h a nism  for c rea ting , m a na g ing , a nd  selec tively a c tiva ting  d ifferent sets of c ritic s a long  w ith  th eir
rela ted  d esig n knowled g e, su c h  a s spa tia l rela tions, d om a in d istinc tions, pa lette item s, a nd
a rg u m enta tion. A perspec tive c a n inc orpora te c ritic s from  oth er perspec tives, inc lu d ing  g eneric  a nd
spec ific  c ritic s from  th e d efa u lt perspec tive (see F ig u re 7). Ad d itiona lly, a  perspec tive m a y m od ify a ny
inh erited  c ritic s a nd  d efine new ones.



2 0

Critic Rule: Top Cabinets 
should be placed not lower 
than 140 cm or higher 
than 160 cm.

D efa u lt Resid entia l Kitc h en

Generic  Critic  Ru le: Top Ca b inets 
sh ou ld  b e pla c ed  1 50c m  a b ove floor.

Cook's Heig h t = 1 50 c m .

Critic  Ru le: Top Ca b inets sh ou ld  b e 
pla c ed  a t 80% of c ook's h eig h t.

Sm ith 's Resid entia l Kitc h en

Resale Residential Kitchen

F ig u re 7. P erspec tives a re a rra ng ed  in a n inh erita nc e network. Th ree perspec tives – a  “d efa u lt kitc h en,”
“Sm ith ’s kitc h en,” a nd  a  “resa le kitc h en” – a re sh own. Th e preferred  pla c em ent of th e top c a b inets
d epend s on th e perspec tive selec ted . Th e c ritic  ru le a na lyzing  th e pla c em ent of th e top c a b inets is
red efined  w ith in ea c h  of th e th ree perspec tives.

D esig ners switc h  perspec tives to exa m ine a  d esig n from  d ifferent viewpoints. Switc h ing  perspec tives
c h a ng es th e c u rrently effec tive d efinitions of c ritic s, th e term s u sed  in th ese d efinitions, a nd  oth er d om a in
knowled g e. As a  resu lt, th e c ritic s a d a pt to th e d ifferent perspec tives -- h enc e th e term  “interpretive”
c ritic s. Th e d esig ner a lw a ys works w ith in a  pa rtic u la r perspec tive. At a ny tim e, th e d esig ner c a n selec t a
d ifferent perspec tive b y na m e. New perspec tives c a n a lso b e c rea ted  b y a ssig ning  a  na m e a nd  selec ting
existing  perspec tives to b e inh erited . Bob , th e d esig ner working  w ith  th e Sm ith s in th e previou s sc ena rio,
c ou ld  c rea te a  Sm ith ’s kitc h en perspec tive a nd  selec t th e resa le perspec tive to b e inh erited  b y it.

P erspec tives a re c onnec ted  in a n inh erita nc e network; a  perspec tive c a n m od ify a ny knowled g e inh erited
from  its pa rents or it c a n a d d  new knowled g e. Consid er th e inh erita nc e network sh own in Fig u re 7.
Su ppose th a t in th e d efa u lt perspec tive th ere is a  ru le th a t c h ec ks “if th e top c a b inets a re 1 50 c m  a b ove
th e floor.” In th e Sm ith ’s kitc h en perspec tive th e ru le th a t d eterm ines c a b inet h eig h t is b a sed  on th e
c ook’s h eig h t. Th is same c ritic  ru le w ill b e eva lu a ted  d ifferently in th e th ree d ifferent perspec tives b ec a u se
it is d efined  in term s of th e spa tia l rela tionsh ip w h ose d efinition va ries. Sim ila rly, eith er th e ru le or th e
spa tia l rela tionsh ip in th e ru le c ou ld  b e d efined  ind irec tly in term s of som eth ing  in th e a rg u m enta tion
issu e-b a se, su c h  a s th e a nswer to a n issu e requ esting  th e prim a ry c ook’s h eig h t. Critic s a nd  th e d esig n
knowled g e on w h ic h  th ey a re b a sed  c a n b e a d a pted  to interpret d esig ns d ifferently in m a ny w a ys: b y
inh erita nc e, b y m od ific a tion of inh erited  ob jec ts, or b y a d d ition of new ob jec ts into a  perspec tive.

Interpretive c ritic s b a sed  on perspec tives provid e a  m ec h a nism  for refining  th e c ritiqu ing  proc ess th a t is
orth og ona l to th e spec ific  c ritic s. Spec ific  c ritic s fine-tu ne th e g eneric  c ritic s th a t em b od y g enera l d om a in
knowled g e, rela ting  th em  to th e d esig n c h oic es spec ified  for a  g iven projec t. W h erea s th e set of g eneric
a nd  spec ific  c ritic s m a y b e extensib le in th e sense th a t new  c ritic s c a n b e a d d ed  from  tim e to tim e, th e
perspec tives m ec h a nism  provid es for m u ltiple d efinitions of th ese sets to exist sim u lta neou sly so th a t
ind ivid u a l d esig ners c a n flu id ly a d opt va rying  viewpoints on d esig ns. Th is provid es a  m ea ns for
stru c tu ring  new  c ritic s a nd  oth er knowled g e representa tions a s th ey em erg e d u ring  u se of th e d esig n
environm ent a nd  system a tic a lly reta ining  th is knowled g e for u se in fu tu re projec ts.
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5. Benefits of E m b ed d ing : Inc rea sing  th e Sh a red  Context
Com pu ta tiona l m ed ia  offer g rea t c a pa c ity for storing  la rg e volu m es of inform a tion a nd  su pport for
m a na g ing  d yna m ic  inform a tion spa c es [Norm a n, 1 993  #1 75]. Com pu ta tiona l m ed ia  c a n integ ra te d iverse
inform a tion sou rc es su c h  a s referenc e m a teria ls, solu tions to previou s d esig n prob lem s, a nd  c ollec tions
of d esig n ra tiona le. However, a c c ess to la rg e inform a tion spa c es c rea tes a  new prob lem  for d esig ners:
inform a tion overloa d . In situ a tions of inform a tion overloa d , th e c ritic a l resou rc e for d esig ners is not
inform a tion, b u t ra th er th e a ttention w ith  w h ic h  to proc ess inform a tion. Sim on [Sim on, 1 981  #4 ] a rg u ed
w ith  c onvinc ing  exa m ples th a t a  d esig n representa tion su ita b le for a  world  in w h ic h  th e sc a rc e fa c tor is
inform a tion m a y b e exa c tly th e wrong  one for a  world  in w h ic h  th e sc a rc e fa c tor is a ttention. W h en
presenting  people with  inform a tion, th e prim a ry c onc ern is to present item s th a t a re releva nt to th e ta sk a t
h a nd  [F isc h er, 1 991  #77]. Critic s em b ed d ed  in d esig n environm ents exploit a  ric h  notion of th e d esig ner’s
ta sk a t h a nd , or c ontext, to provid e releva nt inform a tion to d esig ners.

D esig n environm ents su pport a  c oopera tive prob lem -solving  proc ess in w h ic h  th e d esig ner d eterm ines
th e c ontext of d esig n b y m a nipu la ting  interfa c e ob jec ts (su c h  a s g ra ph ic a l ob jec ts a nd  form -b a sed
ob jec ts) in th e c onstru c tion, spec ific a tion, a nd  perspec tive c om ponents. O b jec ts in th e c onstru c tion
c om ponent d efine a  c onstru c tion c ontext th a t provid es g eneric  c ritic s w ith  a  representa tion for th e ta sk a t
h a nd . Va lu es a nd  priorities for spec ific a tion ob jec ts d efine a  spec ific  c ontext th a t a llows spec ific  c ritic s to
c om pu te releva nt inform a tion for th e pa rtic u la r ta sk a s spec ified  b y th e d esig ner. Th e perspec tive
m ec h a nism  d eterm ines a n interpretive c ontext th a t ena b les c ollec tions of c ritic s a nd  th eir a ssoc ia ted
a rg u m enta tion.

Th e c ontext d efined  b y th e c onstru c tion, spec ific a tion, a nd  perspec tive situ a tions a llows th e system  to
provid e inform a tion releva nt to a  d yna m ic  representa tion of th e ta sk a t h a nd  th a t is sh a red  b y th e
d esig ner a nd  th e d esig n environm ent. Th is sh a red  c ontext ena b les prec ise intervention b y c ritic s,
red u c es a nnoying  interru ptions, a nd  inc rea ses th e releva nc e of inform a tion d elivered  to d esig ners. Critic s
em b ed d ed  in d esig n environm ents b enefit th e d esig n proc ess b y inc rea sing  th e d esig ner’s u nd ersta nd ing
of d esig n situ a tions, b y pointing  ou t sig nific a nt d esig n situ a tions th a t m ig h t h a ve b een overlooked , a nd  b y
loc a ting  releva nt inform a tion in very la rg e inform a tion spa c es.

5.1. Increasing the Designer’s Understanding of Design Situations

Th e solu tion of a  d esig n prob lem  nec essa rily involves c om ing  to a  d eeper u nd ersta nd ing  of th e prob lem
th rou g h  a ttem pts to solve it. D esig n prob lem s c a nnot b e c lea rly d efined  “u p front,” b efore a ny a ttem pt a t
a  solu tion is m a d e. New requ irem ents em erg e d u ring  th e d esig n proc ess [Sc h oen, 1 983  #1 2 9]; [Rittel,
1 984  #2 4 3 ]; [F isc h er, 1 992  #83 ] th a t c a nnot b e id entified  u ntil portions of th e a rtifa c t h a ve b een d esig ned
or im plem ented . Th ese a spec ts of d esig n c rea te th e following  d ilem m a : (1 ) one c a nnot g a th er inform a tion
m ea ning fu lly u nless th e prob lem  is u nd erstood , (2 ) one c a nnot u nd ersta nd  th e prob lem  w ith ou t h a ving  a
c onc ept of th e solu tion in m ind , a nd  (3 ) one c a nnot u nd ersta nd  th e prob lem  w ith ou t inform a tion a b ou t it.

P rob lem  fra m ing  a nd  prob lem  solving  a re mutually enabling d esig n proc esses b ec a u se ea c h  inform s th e
oth er. D esig n m eth od olog ists su c h  a s Sc h oen [Sc h oen, 1 983  #1 2 9] a nd  Rittel [Rittel, 1 984  #2 4 3 ] stress
th e strong  interrela tionsh ip b etween prob lem  fra m ing  a nd  prob lem  solving . Th ey c h a ra c terize d esig n
prob lem s b y th e need  for d esig ners to im pose a  d isc ipline, or fra m ing , on th e prob lem  in ord er to red u c e
th e c om plexity of th e situ a tion to a  m a na g ea b le level. P rob lem  fra m ing  is th e proc ess of d eterm ining  th e
b ou nd a ries (or fra m ework) of a  prob lem , su c h  a s d eterm ining  th e “g ivens” of th e prob lem , th e
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a ssu m ptions u nd er w h ic h  th e d esig ner opera tes, a nd  th e c riteria  for eva lu a ting  a  solu tion. E a c h  m ove
tow a rd  a  d esig n solu tion tests th e prob lem  fra m ing , potentia lly exposing  c onflic ting  or u nrea listic  g oa ls.
Critic s em b ed d ed  in d esig n environm ents su pport d esig ners in c rea ting  a nd  m od ifying  th e prob lem
fra m ing  th rou g h ou t th e d esig n proc ess – not ju st in th e b eg inning . Critic s su pport a  d esig n proc ess w h ere
“u nd ersta nd ing  th e prob lem  is th e prob lem .”

In th is view of d esig n, in w h ic h  prob lem  fra m ing s a nd  prob lem  solu tions c oevolve, ea c h  a c tion b y th e
d esig ner h a s th e potentia l to a lter th e u nd ersta nd ing  of th e prob lem , w h ic h  in tu rn c a n influ enc e
su b sequ ent a c tions. Ou r g oa l is to su pport d esig n a s a  c oopera tive prob lem -solving  d ia log  b etween th e
d esig ner a nd  th e evolving  d esig n situ a tion.

5.2 . P ointing  Ou t Sig nific a nt D esig n Situ a tions

By seeing  d esig n a s a  “reflec tive c onversa tion w ith  th e situ a tion” [Sc h oen, 1 983  #1 2 9], a c tion is g overned
b y nonreflec tive th ou g h t proc esses a nd  proc eed s u ntil it b rea ks d own. A breakdown [F isc h er, 1 993  #2 3 9]
oc c u rs w h en th e d esig ner rea lizes th a t nonreflec tive a c tion h a s resu lted  in u na ntic ipa ted  c onsequ enc es –
eith er g ood  or b a d . Sc h oen d esc rib ed  th is rea liza tion a s `̀th e situ a tion ta lks b a c k.’’ Reflec tion is u sed  to
repa ir th e b rea kd own, a nd  th en (nonreflec tive) situ a ted  a c tion c ontinu es. Th e h a llm a rk of reflec tion-in-
a c tion is th a t it ta kes pla c e w ith in th e action present – with in th e tim e period  d u ring  w h ic h  th e d ec ision to
a c t h a s b een m a d e b u t th e fina l d ec ision a b ou t h ow to a c t h a s not. Th is is th e tim e period  d u ring  w h ic h
reflec tion c a n still m a ke a  d ifferenc e in w h a t a c tion is ta ken.

Sc h oen’s th eory of d esig n is b a sed  on d esig ners intera c ting  w ith  tra d itiona l m ed ia , a nd  th e b a c k-ta lk from
th e situ a tion is d eterm ined  solely b y th e d esig ner’s skill, experienc e, a nd  a ttention. Com pu ta tiona l
tec h nolog y, su c h  a s c ritic s em b ed d ed  in d esig n environm ents, a fford s a  new type of b a c k-ta lk from  th e
d esig n situ a tion. Com pu ta tiona l d esig n situ a tions c a n a c tively point ou t b rea kd owns to d esig ners. Th is
a c tive d esig n su pport ena b les d esig ners to h ea r th e situ a tion ta lk b a c k in situ a tions th a t m ig h t h a ve
rem a ined  m u te in pa ssive m ed ia .

Reflec tion-in-a c tion, a s su pported  b y em b ed d ed  c ritic s, is a n ong oing  c yc le of a c tion, b rea kd own, a nd
reflec tion. D esig ners a c t wh en th ey sh a pe th e d esig n situ a tion. Th ey esta b lish  a  sh a red  c ontext w ith  th e
d esig n environm ent b y m a nipu la ting  interfa c e ob jec ts in th e c onstru c tion, spec ific a tion, or perspec tive
c om ponents. Brea kd owns a re trig g ered  b y c ritic s em b ed d ed  in th e d esig n environm ent th a t d etec t
situ a tions th a t ind ic a te th e d esig ner m ig h t need  to reflec t. Ba sed  on th e sh a red  c ontext, c ritic s su pport
reflec tion b y d elivering  inform a tion releva nt to th e b rea kd own situ a tion. Arg u m enta tive inform a tion h elps
d esig ners u nd ersta nd  th e b rea kd own situ a tion, a nd  th e c a ta log  c onta ins d esig n solu tions th a t provid e
exa m ples of h ow oth er d esig ners h a ve resolved  sim ila r prob lem s.

Th e sc ena rio illu stra tes h ow em b ed d ed  c ritic s su pport d esig n a s a  reflec tive c onversa tion w ith  th e
situ a tion. In th e sc ena rio, c ritic s trig g ered  two c onsec u tive b rea kd owns. In th e first, th e c onstru c tion
situ a tion ta lked  b a c k to Bob  w h en h is a c tions viola ted  a  g eneric  kitc h en d esig n princ iple th a t “th e
d ish w a sh er sh ou ld  not b e too fa r from  th e sink.” After som e reflec tion, h e m oved  th e d ish w a sh er nea rer
to th e sink to c om ply w ith  th e c ritic . However, th is a c tion c rea ted  a  new b rea kd own situ a tion. A spec ific
c ritic  sig na led  a  b rea kd own to rem ind  Bob  th a t h is a c tions were inc onsistent w ith  h is pa rtia l spec ific a tion;
th a t is, h is pla c em ent of th e sink m ig h t not b e optim a l for left-h a nd ed  c ooks. Th is b rea kd own led  h im  to
reflec t on h is g oa ls; instea d  of a ltering  th e d esig n c onstru c tion, Bob  reform u la ted  h is pa rtia l spec ific a tion.
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5.3 . Loc a ting  Releva nt Inform a tion In La rg e Inform a tion Spa c es

M a king  inform a tion releva nt to th e ta sk a t h a nd  poses m a ny c h a lleng es for th e d esig n of intera c tive
c om pu ter system s, pa rtic u la rly for prob lem s in w h ic h  th e need  for inform a tion is c ritic a l a nd  yet prec ise
inform a tion need s c a nnot b e known in a d va nc e of a ttem pts to solve th e prob lem . Ou r d esig n
environm ents th a t su pport d esig n in c om plex d om a ins a re h ig h -fu nc tiona lity c om pu ter system s; th a t is,
th ey provid e a  la rg e a m ou nt of fu nc tiona lity a nd  a re b u ilt on la rg e inform a tion b a ses. Su c h  system s
provid e m ore inform a tion a nd  fu nc tiona lity th a n a  sing le person c a n m a ster [D ra per, 1 984  #85]. Two
fa c tors c ontrib u te to th is b eh a vior: (1 ) th e effort of find ing  inform a tion often ou tweig h s th e perc eived
b enefits of d oing  so, a nd  (2 ) u sers a re not a w a re th a t th e inform a tion even exists. Both  fa c tors c a n b e
rela ted  to th e d isc repa nc y b etween th e d esig ner’s perc eption of a n inform a tion spa c e a nd  th e a c tu a l
inform a tion c onta ined  in a  h ig h -fu nc tiona lity system  (see F ig u re 8).

D esig ners a re often u nwilling  to d isru pt th e d esig n proc ess to sea rc h  for inform a tion in la rg e inform a tion
spa c es, even if th ey know th e inform a tion exists. In a d d ition, d esig ners m a y not know w h en th ey need
inform a tion. E m b ed d ed  c ritic s sa ve d esig ners th e trou b le of explic itly qu erying  th e system  for inform a tion.
Critic s notify d esig ners of situ a tions ind ic a ting  th e need  to reflec t (b rea kd owns) a nd  provid e a c c ess to
inform a tion fu eling  reflec tion. Th e c ontext of th e b rea kd own situ a tion serves a s a n im plic it qu ery th a t
ena b les em b ed d ed  c ritic s to d eliver releva nt inform a tion. D esig ners b enefit from  need ed  inform a tion
with ou t h a ving  to explic itly a sk for it.

E m b ed d ed  c ritic s c a n a lso d eliver releva nt inform a tion [Na ka koji, 1 993  #2 4 2 ] a b ou t wh ic h  d esig ners were
u na w a re (see F ig u re 8). Critic s provid e th e d esig ner w ith  a  pointer into pa rt of th e system ’s inform a tion
spa c e w ith  w h ic h  th e d esig ner need s to b ec om e a w a re. Th e d esig ner c a n fu rth er b rowse th e u nfa m ilia r
portion of th e inform a tion spa c e sta rting  from  th e entry point provid ed  b y th e c ritic .

Critic s a fford  learning on demand [F isc h er, 1 991  #72 ] b y letting  d esig ners a c c ess new knowled g e in th e
c ontext of a c tu a l prob lem  situ a tions; u sers a re inform ed  (1 ) w h en th ey a re g etting  into trou b le, (2 ) w h en
th ey a re m issing  im porta nt inform a tion, a nd  (3 ) w h en th ey c om e u p with  prob lem a tic  solu tions. Lea rning
on d em a nd  is a  prom ising  a pproa c h  for th e following  rea sons: (1 ) it c ontextu a lizes lea rning  b y integ ra ted
it into work ra th er th a n releg a ting  it to a  sepa ra te d esig n ph a se; (2 ) it lets d esig ners see for th em selves
th e u sefu lness of new knowled g e for a c tu a l prob lem  situ a tions, th ereb y inc rea sing  th e d esig ners’
u nd ersta nd ing  of th eir situ a tions; a nd  (3 ) it m a kes new inform a tion releva nt to th e ta sk a t h a nd , th ereb y
lea d ing  to b etter d ec ision m a king , b etter prod u c ts, a nd  b etter perform a nc e.
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Information Contained in
Design Environment but
Unknown to Designer

Information Known
to be Contained in
Design Environment

Information Mistakenly
Believed to Exist in
Design Environment

Inform a tion Conta ined  in
D esig n E nvironm ent

Inform a tion Spa c e a s
P erc eived  b y D esig ner

F ig u re 8. La rg e inform a tion spa c es c onta in m ore inform a tion th a n a  sing le person c a n
know exists. Th e ova l represents th e inform a tion a  d esig ner perc eives to b e in th e d esig n
environm ent. Th e squ a re represents th e inform a tion a c tu a lly c onta ined  in th e d esig n
environm ent. Th is fig u re illu stra tes th a t th e d esig ner’s perc eption inc lu d es inform a tion
th a t d oes not exist in th e d esig n environm ent, a nd  d oes not inc lu d e som e inform a tion
th a t a c tu a lly exists in th e d esig n environm ent.

Critic s exploit th e sh a red  c ontext of b rea kd own situ a tions to c om pu te w h a t inform a tion is releva nt to th e
ta sk a t h a nd . In th e sc ena rio, ea c h  c ritic ’s notific a tion m essa g e w a s linked  to inform a tion in th e
a rg u m enta tion c om ponent. For th e “d ish w a sh er not too fa r from  th e sink” issu e, th e d esig ner w a s
rem ind ed  of plu m b ing  requ irem ents h e m ig h t h a ve known a b ou t b u t d id  not rem em b er in th e c ontext of
th e d esig n situ a tion. Th e “left-h a nd ed ” spec ific  c ritic  id entified  inform a tion th e d esig ner h a d  previou sly
b een u na w a re of: th a t th e rec om m end ed  positions of th e sink a nd  d ish w a sh er a re d epend ent on w h eth er
th e c ook is rig h t- or left-h a nd ed . Th e interpretive c ritic  (ena b led  b y a d a pting  a  Resa le P erspec tive)
inform ed  Bob  of a d d itiona l inform a tion a b ou t wh ic h  h e h a d  previou sly b een u na w a re. Now th a t h e is
a w a re of th is “resa le” va lu e c onc ern, Bob  c ou ld  explore fu rth er im plic a tions of a  resa le perspec tive b y
b rowsing  rela ted  inform a tion or b y c ontinu ing  h is d esig n proc ess, w h ere h e w ill b e inform ed  on d em a nd .

6. Th e D yna m ic  Na tu re of Critiqu ing  Know led g e

6.1  Su pporting  D esig ners in Ad a pting  th e Critiqu ing  System

To b e su c c essfu l, em b ed d ed  c ritiqu ing  system s m u st a d a pt to reflec t c h a ng es in th e d esig n d om a in. Two
qu estions a rise w h en c onsid ering  system  a d a pta tion: w ill d esig ners b e able to a d a pt th e system  a s
requ ired  a nd  w ill d esig ners b e motivated to a d a pt th e system ? E nd -u ser m od ifia b ility c om ponents a nd
d esig n environm ent “seed s” a re im porta nt steps tow a rd  a nswering  th ese qu estions.

Ad a pting  th e c ritiqu ing  system  involves m od ifying  or a d d ing  c ritic  ru les, d esig n u nits, d esig n u nit rela tions,
a nd  c ritic  expla na tions in th e form  of a rg u m enta tion a nd  c a ta log  exa m ples. Som etim es, a d a pting  th e
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system  is a s sim ple a s c h a ng ing  pa ra m eters or filling  ou t spec ia lized  form s. Girg ensoh n [G irg ensoh n,
1 992  #1 72 ] explored  end -u ser m od ifia b ility in d om a in-oriented  d esig n environm ents. His work sh owed
th a t end -u sers w ith ou t a ny form a l tra ining  in c om pu ter sc ienc e need  c onsid era b le environm enta l su pport
in th e form  of expla na tory h elp, c ritic s th a t su pport m od ific a tion proc esses, ta sk d ec om position a g end a s,
a nd  c om pu ter-su pported  ob jec t c la ssific a tion to effec t sig nific a nt system  c h a ng es. E ven w ith  th is
extensive environm enta l su pport, none of th e su b jec ts in h is u ser stu d ies were a b le to c om plete th e
a d a pta tions w ith ou t intervention from  th e stu d y su pervisor. Girg ensoh n’s resea rc h  h a s d em onstra ted  th a t
ena b ling  d esig ners to a d a pt th eir system s is a  very d iffic u lt prob lem  w h ic h  requ ires fu rth er resea rc h  in th e
a rea s of d em onstra tion c om ponents, d om a in-oriented  knowled g e representa tions, a nd  a d a ptive u ser
m od eling  c om ponents. Th e HE RM E S projec t is exploring  a  d ifferent a pproa c h  tow a rd  a c h ieving  end -u ser
m od ifia b ility b y b u ild ing  into th e d esig n environm ent a n E ng lish -like end -u ser prog ra m m ing  la ng u a g e
[Sta h l, 1 992  #3 1 ].

6.2  “Seed ing ” th e Critiqu ing  System  w ith  D om a in Know led g e

W h erea s ong oing  a d a pta tion of em b ed d ed  c ritiqu ing  system s is in th e h a nd s of d esig ners solving  d esig n
prob lem s, system  b u ild ers m u st c rea te th e orig ina l c ond itions th a t ena b le a nd  m otiva te th is evolu tion
proc ess to oc c u r. Spec ific a lly, system  b u ild ers m u st provid e initia l environm ents in th e form  of a  seed .

W e c a nnot offer a n ea sy-to-follow presc ription for su c c essfu l seed  b u ild ing . Seed  b u ild ing  requ ires a  d eep
u nd ersta nd ing  not only of th e a pplic a tion d om a in, b u t a lso of th e practice [E h n, 1 989 #2 ] of th e people
wh o will u se th e system . System  b u ild ers c a nnot h ope to a tta in su c h  a n u nd ersta nd ing  w ith ou t, a t lea st to
som e extent, b ec om ing  d om a in experts th em selves. Bu t th is is g enera lly infea sib le. For u sefu l seed s to
b e b u ilt, system -b u ild ing  m u st b e b a sed  on a  proc ess of m u tu a l ed u c a tion [Greenb a u m , 1 991  #2 4 1 ]
b etween system  b u ild ers, w h o know a b ou t b u ild ing  softw a re d esig n environm ents, a nd  d om a in d esig ners,
wh o u nd ersta nd  th e pra c tic e of d esig n in th e ta rg et a pplic a tion d om a in. Th e g oa l of th is m u tu a l ed u c a tion
proc ess is to esta b lish  a  sh a red  u nd ersta nd ing  of w h a t d om a in knowled g e a  seed  sh ou ld  c onta in so th a t
it w ill im m ed ia tely su pport th e pra c tic e of d esig ners w ith in th a t d om a in.

6.3  Ac c u m u la ting  D esig n Know led g e Th rou g h  Critic s

E m b ed d ed  c ritic s pla y th e c ru c ia l role of “knowled g e a ttra c tors” in d om a in-oriented  d esig n environm ents.
D esig n knowled g e su rfa c es d u ring  reflec tion-in-a c tion, w h en d esig ners reflec t u pon th e sou rc e of
b rea kd owns a nd  d evise c ou rses of a c tion for resolving  th e b rea kd owns. User ob serva tions in u sing
spec ific  c ritic s revea led  th a t wh en d esig ners were fired  a  c ritic  ru le, th ey often a rg u ed  for or a g a inst th e
a ssoc ia ted  a rg u m ent a nd  w ere m otiva ted  to d esc rib e th e rea son b y a rtic u la ting  pro or c ou nter a rg u m ents
to th e a rg u m enta tion [Na ka koji, 1 993  #2 4 2 ]. Th e inc om plete na tu re of d esig n knowled g e g u a ra ntees th e
a rg u m enta tion is never c om plete. D esig ners w h o a rrive a t a n innova tive resolu tion to a  b rea kd own m a y
a d d  th eir a rg u m ents to th e existing  ra tiona le, enric h ing  th e inform a tion spa c e c onta ined  in th e d esig n
environm ent.

7. Conc lu sions
Alth ou g h  th is pa per foc u ses prim a rily on a  sing le d esig n environm ent b u ilt for resid entia l kitc h en d esig n,
th e HYD RA-KITCHE N system , oth er ong oing  resea rc h  in ou r g rou p h a s d em onstra ted  th a t em b ed d ed
c ritiqu ing  system s h a ve b roa d  a pplic a b ility to a  va riety of d om a ins a nd  th a t em b ed d ed  c ritiqu ing  system s
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c a n b e a pplied  to c om plex, new  d om a ins w ith  few a c c epted  d esig n ru les a nd  pra c tic es, a nd  non-spa tia lly-
oriented  d om a ins.

Th e interpretive c ritiqu ing  m ec h a nism  is b eing  explored  in th e d om a in of lu na r h a b ita t d esig n [Sta h l, 1 993
#1 71 ]. Unlike kitc h en d esig n, lu na r h a b ita t d esig n is a  c om pletely new  d om a in w ith  few  d esig n ru les a nd
no sta nd a rd ized  voc a b u la ry. In d om a ins w ith  few sta nd a rd s, neg otia tion, a rg u m enta tion, a nd
interpreta tion a re inc rea sing ly im porta nt a spec ts of d esig n. Th is a spec t of th e lu na r h a b ita t d esig n d om a in
led  u s to extend  ou r c ritiqu ing  system s to inc lu d e interpretive m ec h a nism s.

Th e Voic e D ia log  D esig n E nvironm ent tests th e a pplic a b ility of c ritiqu ing  system s to non-spa tia l d om a ins.
Th e system  su pports th e d esig n a nd  sim u la tion of a pplic a tions w ith  ph one-b a sed  interfa c es [Repenning ,
1 992  #3 3 ]. In th is d om a in, d esig n u nits inc lu d e a u d io prom pts, voic e m enu s, a nd  teleph one tou c h -tone
inpu t. Rela tions b etween d esig n u nits a re tem pora l in na tu re; th a t is, d esig n u nits oc c u r b efore or a fter
c erta in events in th e exec u tion sequ enc e. Th is d esig n environm ent is pa rt of a  joint resea rc h  projec t
b etween th e University of Colora d o a nd  voic e d ia log  a pplic a tion d esig ners a t US W E ST Ad va nc ed
Tec h nolog ies [Su m ner, 1 991  #3 2 ].

W e h a ve d em onstra ted  h ow em b ed d ing  c ritic  m ec h a nism s in d esig n environm ents overc om es m a ny
d efic ienc ies fou nd  in sta nd -a lone c ritiqu ing  system s. Th e g eneric , spec ific , a nd  interpretive c ritic s we
h a ve explored  c orrespond  to th ree d im ensions of em b ed d ing . Generic  c ritic s a re em b ed d ed  in th e
c onstru c tion c ontext b ec a u se th ey a re ena b led  b y th e pla c em ent of d esig n u nits in th e work a rea .
Spec ific  c ritic s a re em b ed d ed  in th e pa rtia l spec ific a tion b y b eing  d yna m ic a lly c onstru c ted  from  d om a in
d istinc tions tied  to spec ific a tion item s; th ey red u c e th e intru siveness of g eneric  c ritic s b y na rrowing  th e
ena b led  c ritic s to th ose th a t a re releva nt to th e pa rtia lly spec ified  ta sk a t h a nd . Interpretive c ritic s a re
em b ed d ed  in th e network of perspec tives th a t su pports th e evolu tion of a lterna tive viewpoints on d esig ns;
u sing  th ese c ritic s, d esig ners a re a b le to c onsid er th eir d esig ns c ritic a lly from  m u ltiple perspec tives. Th e
b enefic ia l role of h u m a n c ritiqu ing  in sc ienc e, d esig n, a nd  eng ineering  h a d  b een soc ia lly rec og nized  long
b efore th e a d vent of c om pu ta tiona l c ritiqu ing  system s. Ou r a pproa c h  of em b ed d ing  c ritic s into integ ra ted
d esig n environm ents is a n im porta nt step tow a rd  a pplying  th e c ritiqu ing  pa ra d ig m  to c rea te m ore u sefu l
a nd  u sa b le knowled g e-b a sed  c om pu ter system s .
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