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A M O D EL O F E X P E RT DESIG N 

Beth Adelson, D&yid Littmui, and Elliot Soloway 

Cognitioo and Programming Project 

Departmen t  o f  Compnte r  Scienc e 

Yal e Universit y 

New Haren ,  Connecticu t  0052 0 

1.  Motivatio n a n d Goals * 
I n thi s pape r  w e wil l  presen t  a  mode l  o f  exper t  softwar e desig n whic h w e hav e develope d i n th e 

cours e o f  analyzin g protocol s o f  exper t  designer s designin g a n electroni c mai l  system .  T w o goal s 

motivate d thi s work :  Th e firs t  wa s t o se e expert s solvin g problem s whic h calle d upo n thei r 

proble m solvin g abilities ,  a s wel l  a s thei r  "Voutin e cognitiv e skills" .  Th e secon d wa s t o creat e a 

situatio n i n whic h genera l  proble m solvin g operator s coul d b e see n t o interac t  wit h a  ric h 

knowledg e base .  Towards '  thes e goal s w e presente d exper t  softwar e designer s wit h a  nove l  an d 

comple x proble m fro m a  domai n wit h whic h the y wer e familiar .  Th e resul t  wa s a  mode l  whic h 

unite s severa l  repeatedl y foun d behavior s int o a n interpretabl e whol e (Jeffries ,  Turner ,  Poiso n & 

Atwood ,  1081 ;  Kan t  an d Newell ,  1982 ;  Atwood ,  Turner ,  Ramse y an d Hooper ,  1079) . 

2 .  Me thodo log y 

Subjects .  Thre e exper t  designers .  Eac h o f  ou r  expert s ha d worke d fo r  a t  leas t  eigh t  year s i n 

commercia l  setting s designin g a  wid e variet y o f  software . 

Procedure. We presented each of the designers with the following design task to work on. 

T A SK — Desig n a n electroni c mai l  syste m aroun d th e followin g primitives :  RE1\D ,  REPLY, 
SEND,  DELETE,  SAVE,  EDIT ,  LIST-HEADERS .  Th e goa l  i s  t o ge t  t o th e leve l  o f  pseudocod e 
tha t  coul d b e use d b y professiona l  programmer s t o produc e a  runnin g program .  Th e mai l  syste m 
wil l  ru n o n a  ver y large ,  fas t  machin e s o hardwar e consideration s ar e no t  a n issue . 

The task we gave our subjects had several important properties: It was complex, requiring 

clos e t o tw o hour s o f  ou r  expert' s  time .  W e hope d therefor e t o b e abl e t o se e somethin g o f  th e 

skill s  tha t  mak e u p expertise .  I t  wa s novel ,  non e o f  ou r  expert s ha d designe d a  solutio n t o th e 

proble m previously .  Thi s mean t  tha t  w e woul d no t  b e seein g onl y "routin e cognitiv e skill" ,  bu t 
some proble m solvin g a s well .  I n addition ,  th e proble m w e chos e wa s simila r  t o th e typ e o f 

proble m wit h whic h ou r  expert s wer e familiar .  Therefore ,  althoug h non e o f  ou r  expert s ha d 

designe d a  mai l  syste m before ,  the y wer e use d t o designin g othe r  type s o f  communication s 

system s an d s o w e woul d b e abl e t o observ e the m i n a  situatio n wher e the y ha d rich  knowledg e 

base s t o tur n to . 

Organisation 

In Section 3 we outline the main elements of the model. Next, in Section 4, we present larger 
portion s o f  ou r  experts '  protocol s i n orde r  t o suppor t  ou r  claim s an d t o brin g ou t  som e o f  th e 

interestin g interaction s amon g th e component s o f  th e model . 

*Th b wor k wa s sponsore d b y a  gran t  fro m ITT . 
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3.  T h e M o d e l 

3.1 .  C o m p o n e n t s o f  th e M o d e l 

Our  mode l  o f  th e experts '  desig n proces s contain s foo r  majo r  elements : 

•  A  Desig n Meta-Script .  Th e functio n o f  th e Meta-Scrip t  i s  t o driv e th e desig n proces s 

by settin g thre e genera l  goals : 

1.  T o chec k th e curren t  stat e o f  th e desig n fo r  sufficiency .  Thi s mean s tha t  al l  o f 

th e element s neede d t o specif y th e desig n a t  th e curren t  leve l  ar e present . 

2.  T o chec k th e curren t  stat e o f  th e desig n fo r  consistency .  Thi s mean s tha t  al l 

element s o f  th e desig n ar e compatibl e a t  th e curren t  leve l  o f  specificity ,  an d 

tha t  n o elemen t  cause s a n inconsistenc y wit h currentl y know n constraint s bot h 

at  highe r  an d a t  lowe r  levels . 

3.  T o expan d th e desig n fro m it s curren t  leve l  o f  specificit y int o th e nex t  leve l  o f 

specificity . 

The mai n operato r  use d t o achiev e thes e goal s i s th e runnin g o f  menta l  simulation s o f 

th e partiall y  complete d design .  Th e functio n o f  thes e simulation s i s explaine d i n th e 

nex t  sectio n whic h describe s ho w th e element s o f  th e mode l  function . 

•  A  Sketch y Model .  Th e Sketch y Mode l  reside s i n workin g memor y an d a s th e desig n 

proces s proceed s th e mode l  become s iocreasingl y les s sketchy .  Th e mode l  i s initiall y 

sketch y i n tha t  th e designe r  doe s no t  ye t  understan d it s functionalit y dow n t o a  leve l 

of  detai l  whic h woul d b e sufficien t  t o produc e a n implementabl e program .  I n 

addition ,  th e constraint s o r  assumption s o f  th e desig n ar e no t  entirel y understood . 

One wa y o f  picturin g th e mode l  i s a s a  tre e tha t  grow s i n bot h dept h an d breadt h a s 

th e designer' s understandin g o f  th e proble m specificatio n increase s (Jeffrie s e t  al. , 

1981 ;  Atwood ,  Turner ,  Ramsey ,  an d Hooper ,  1979. ) 

•  Th e Curren t  Lon g Ter m Memoi y Set .  Thi s i s th e se t  o f  lon g ter m memor y element s 

tha t  ar e currentl y unde r  consideration .  Thi s se t  woul d consis t  o f  al l  o f  th e know n 

solution s appropriat e t o th e aspec t  o f  th e desig n tha t  i s currentl y bein g worke d on . 

Choosin g a n elemen t  fro m th e se t  currentl y unde r  consideratio n allow s th e designer' s 

model  t o becom e les s sketch y becaus e th e elemen t  selecte d fro m lon g ter m memor y i s 

now adde d t o th e mode l  i n workin g memory .  I t  als o cause s a  differen t  lon g ter m 

memory se t  t o b e considere d o n th e nex t  iteratio n o f  th e desig n process . 

•  Th e Demons .  Thes e contai n th e designer' s note s t o himself .  Th e note s ar e thing s t o 

remember  suc h a s constraints ,  assumptions ,  o r  potentia l  inconsistencies .  A  not e wil l 

be place d i n a  demo n i f  i t  is :  a .  to o concret e t o b e resolve d a t  th e tim e tha t  i t  i s 

though t  o f  an d b .  need s t o b e considere d whe n th e designer' s mode l  ha s reache d a 
leve l  o f  concreteoes s tha t  matche s th e note .  Th e demon s ar e abl e t o monito r  th e 

stat e o f  th e Sketch y Model .  Whe n th e leve l  o f  detai l  o f  th e Mode l  i s equ d t o th e 

leve l  o f  detai l  o f  th e not e th e demo n call s attentio n t o itself .  (Th e reade r  wil l  notic e 

tha t  ou r  demon s ar e rathe r  unusua l  i n tha t  the y ar e activ e formatio n gatherers. ) 

Summary of the Model 

At the most abstract level, the designers were performing a means-ends analysis driven by the 

Meta-Script .  I n th e analym s th e goa l  stat e wa s a n implementabl e desig n specificatio n an d th e 

curren t  stat e wa s th e designer' s increasingl y detaile d Sketch y Mode l  o f  th e proble m solution .  Th e 
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designer s move d toward s th e goa l  stat e b y rrpeatedl y simnlatin g execation s o f  thei r  incomplet e 

models .  Fo r  al l  o f  th e designer s observed ,  thi s appear s t o b e th e mos t  powerfu l  an d frequentl y 

nse d operato r  i n th e means-end s analysis .  Howeve r  thes e simulatio n m n s o f  th e partia l  model s 

serve d t o decreas e th e ga p betwee n th e curren t  an d goa l  state s i n a  numbe r  o f  wajrs .  Thi s wil l  b e 

expande d npo n i n th e nex t  sectio n wher e w e presen t  portion s o f  ou r  protocols .  T h e protocol s wil l 

hel p t o giv e th e reade r  a  cleare r  pictor e o f  ho w th e mode l  functions .  I t  wil l  als o brin g ou t  som e 

of  th e interestin g interaction s amon g th e component s o f  th e mode l  an d generat e som e a s ye t 

unaddresse d questions . 

4 .  R e c u r r e n t  B e h a v i o r  Accou i i t e d fo r  b y t h e M o d e l 

Her e w e presen t  behavior s whic h w e foun d wer e repeatedl y exhibite d b y ou r  designers .  T h e 

model  unite s thes e behavior s int o a n interpretabl e whole . 

Obsenratloii L How the Design Proceeded 

There was a surprising degree of similarity in the time line of the subjects. 

Stt rt Finish 

EXPERTS:  ustr  assump -  sbstrsc t  eoncrstt. .  .discussio n 

nod s I  tion s nod s I s o f  dtsig n 

«•i I  syste m 

"10 mins "10 mins "80 wins "10 nins 

Figur e 1 :  Subjects '  Timelin e 

As illustrated in the figure above, first the designers described how a user would view the mail 

system ,  the n the y expande d upo n th e variou s assumption s an d constraint s o f  th e proble m (e.g , 

SI :  " W e wil l  assum e d u m b terminals" ,  S2 :  "th e numbe r  o f  user s wil l  no t  b e fixed").  Onl y then , 

approximatel y 2 0 minute s int o th e session ,  di d th e expert s begi n t o construc t  a  workin g mode l  o f 

th e mai l  system .  Thi s mode l  als o change d ove r  tim e i n tha t  i t  bega n a s a  ver y skeleta l  versio n o f 

a mai l  syste m an d the n becam e increasingl y concret e a s th e desig n progressed .  Th e followin g 

quot e fro m designe r  S 2 illustrate s thi s progression . 

At 20 minutes into the task expert S2 said: 

"We can now start thinking aboat what type of processing structare is required for implementing 

(th e mai l  system) .  I n orde r  t o ge t  th e ide a aboa t  th e strnctare ,  w e ca n se e som e kin d o f  a  stat e 

diagra m whic h show s th e dynamic s o f  th e system... .  Wha t  w e ca n se e her e i s on e stat e (accessing ) 

severa l  othe r  state s an d afte r  th e operatio n i s completed ,  contro l  o f  th e stat e transitio n goin g 

bac k t o th e bitia l  state .  Thi s wil l  hel p a s structar e oa r  solutio n t o th e proble m a t  a  highe r  level . 

Then w e wil l  g o int o eac h on e o f  th e buildin g block s tha t  hel p « s writ e th e processin g ste p a t  eac h 

ste p m th e stat e diagram. " 

Why did the experts spend the first twenty minutes of the session gathering information? The 

answer  i s no t  tha t  the y wer e hesitant ,  (e.g .  Si' s  quot e te n minute s int o th e session :  "Th e progra m 

desig n give s m e n o caus e fo r  concer n a t  dl." )  A s discusse d i n th e previou s section ,  th e exper t 
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designer s searc k lon g ter m m e m o r y fo r  store d solutio n elements .  A n effectiT e searc h result s fro m 

firs t  choosin g th e righ t  se t  o f  memor y element s an d the n choosin g th e right  elemen t  fro m amon g 

th e set .  Thi s typ e o f  choic e woul d b e aide d b y havin g a  sufficientl y rich  se t  o f  constraint s an d 

assumptions .  A n d i t  seem s tha t  expert s d o no t  begi n thei r  searc h unti l  thi s informatio n ha s bee n 

obtained . 

Obaervation 11. Maintaining Balanced Development 

The designers always followed a course of balanced development. Our subjects attempted to 

develo p eac h o f  th e component s o f  th e desig n s o tha t  non e o f  the m acquire d significantl y m o n 

detai l  tha n an y o f  th e others .  Th e followin g quot e i s representativ e o f  thi s behavior .  It s 

significanc e become s clea r  whe n w e conside r  th e nex t  observation ,  Simutatio n R u n a o f  th e 

Sketch y Model . 

S3:  ...you'v e neve r  go t  s o dee p i n tha t  yo u caa' t  improv e i t  takin g accoun t  o f  somethin g yo n 

thin k o f  later.. .  No .  o h n o I' m no t  goin g t o tak e somethin g dow n t o it s itt y  bitt y conclnsio n 

becaus e be t  yo u I' m goin g t o hav e t o chang e it .  Whe n I  tak e somethin g els e ou t  an d sa y (eckh?? ) 

there' s n o logica l  consistenc y betwee n that ,  rememberin g tha t  mai l  i s  a  tw o wa y thing .  I' m goin g 

t o hav e t o repl y t o i t  an d I  ma y hav e t o us e thi s bformstio n t o construc t  a  messag e bac k .. .  I 

can se e to o man y possibl e interaction s betwee n th e piece s s o i t  woul d b e nice r  i f  the y al l  ha d som e 

logica l  similarity . 

Observation HI. Simulation Runs of the Sketchy Model. 

We observed dl of our subjects repeatedly conducting mental simulation runs of their piulially 

complete d designs .  Th e expert s woul d consul t  th e stat e o f  th e sketch y mode l  an d the n conduc t  a 

simulatio n o f  th e mode l  a t  it s  curren t  leve l  o f  abstraction .  Thu s w e observe d simulation s whic h 

became increasingl y concret e a s th e desig n progressed .  Fo r  example ,  i n S3* s earl y simulatio n h e 

sa w th e maile r  a s "informatio n flowing  throug h a  system" ,  wherea s i n a  late r  simulatio n whe n 

considerin g hi s modul e fo r  th e R E A D function ,  S I  dre w a  stat e diagra m fo r  al l  o f  th e state s 

whic h coul d b e reache d fro m R E A D .  W h a t  i s th e functio n o f  thes e simulations ,  whic h appea r  i n 

ou r  protocol s an d i n thos e o f  Kan t  an d Newel l  (1982) f  Recal l  tha t  th e desig n proces s i s drive n b y 

th e Meta-Script .  Th e goal s o f  th e designer' s Meta-Scrip t  ar e t o chec k th e curren t  Sketch y Mode l 

fo r  consistenc y an d completenes s an d i f  thes e criteri a ar e me t  th e nex t  goa l  i s  the n t o tr y t o 

expan d th e Model .  Therefore ,  i n orde r  t o mee t  th e goal s o f  th e Meta-Scrip t  a  simulatio n ru n o f 

th e Sketch y Mode l  i n it s curren t  stat e i s conducte d (e.g .  S I  draw s a  stat e diagra m fo r  th e curren t 

R E AD modul e t o se e ho w i t  behave s a t  thi s poin t  i n it s  development) .  W e ca n no w se e wh y th e 

designer s maintai n balance d development ;  i (  woul d h e difficul t  t o ru n a  eimulatio n wit h 

element a a t  differen t  level s o f  detail . 

Recall that the other goal of the Meta-Script was to expand the Sketchy Model. The 

simulatio n i s use d i n thi s proces s a s well .  I t  point s ou t  a n elemen t  o f  th e Sketch y Mode l  tha t 

need s expansio n an d th e subjec t  the n accesse s th e appropriat e lon g ter m memor y se t  i n orde r  t o 

choos e ho w th e expansio n shoul d proceed .  Thi s issu e i s furthe r  addresse d below . 

Observation IV. Notes and Interrupts 

We found that the expert designers would frequently make "notes", to themselves about things 

t o remembe r  late r  i n th e desig n process .  Thes e note s ha d t o d o wit h constraint s o r  partia l 

solution s o r  potentia l  inconsistencie s whic h neede d t o b e handle d i n orde r  t o produc e a  successfu l 

design .  T h e reaso n tha t  thes e note s wer e no t  handle d immediatel y wa s tha t  the y wer e concerne d 

wit h a  leve l  o f  detai l  whic h wa s greate r  tha n th e leve l  o f  detai l  o f  th e curren t  stat e o f  th e Sketch y 

Model .  Thi s mean s tha t  incorporatin g the m int o th e desig n whe n the y wer e though t  o f  woul d 
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har e violate d th e principl e o f  balance d development .  Thi s i n tar n woul d hav e interfere d wit h th e 

proces s o f  runnin g simulations ,  which ,  a s mentione d above ,  wa s a  proces s upo n whic h th e expert s 

rel y quit e heavily .  W e als o foun d tha t  th e exper t  designer s woul d b e reminde d o f  previousl y 

made note s onc e th e curren t  stat e ha d reache d a  leve l  o f  detai l  whic h woul d allo w th e not e t o b e 

incorporate d int o th e desig n withou t  violatin g balance d development .  Dat a o f  thi s sor t  i s  wha t 

le d u s t o posi t  th e existenc e o f  demon s whic h wer e abl e t o monito r  th e stat e o f  th e Sketch y 

Model  i n orde r  t o interac t  wit h th e desig n proces s withou t  disruptin g it . 

6.  O p e n Question s 

Thre e issue s o f  theoretica l  significanc e ar e raise d bu t  no t  settle d b y ou r  observations . 

•  H o w d o exper t  deeipttr a decid e whic h elemen t  i n th e Sketch y Mode l  t o expan d upo n f 

We sugges t  that ,  th e proces s o f  accessin g lon g ter m memor y serve s bot h t o guid e th e 
articulatio n o f  plan s fo r  expandin g th e curren t  nod e i n th e desig n tre e an d fo r 

elaboratin g goal s approfwiat e t o th e nex t  leve l  o f  detail . 

•  Th e secon d stem s fro m th e no t  unlikel y possibilit y  tha t  th e expert' s  lon g ter m 

memory wil l  contai n severa l  potentia l  solution s fo r  som e aspec t  o f  a  problem . 

Thi e raiee t  th e questio n o f  ho w th e exper t  ehoose a amon § them f  W e believ e tha t  ou r 

exper t  designer s coul d an d di d rel y heavil y o n effectiv e communicatio n betwee n th e 

curren t  stat e o f  thei r  Sketch y Mode l  an d thei r  store d knowledg e abou t  softwar e 

design .  Tha t  is ,  w e believ e tha t  th e exper t  designers '  understandin g o f  th e curren t 

proble m serve d t o for m a n effectiv e inde x int o memory .  However ,  w e d o no t  kno w 

what  thi s inde x look s like .  W e als o d o no t  kno w whethe r  th e inde x hande d t o 

memory i s th e resul t  o f  heav y inferencing .  I t  coul d jus t  a s wel l  b e tha t  memor y doe s 

th e inferencin g abou t  wha t  i s neede d i n th e curren t  context .  Eithe r  way ,  th e expert s 

hav e develope d a  highl y effectiv e retrieva l  mechanism . 

•  H o w I S th e Sketch y Mode l  use d t o perfor m th e simulatio n f  I n ou r  description ,  th e 

Sketch y Mode l  ha s th e qualit y mor e o f  a  structur e tha n o f  a  process ,  bu t  someho w i t 

i s  repeatedl y use d a s a  runnin g syste m whic h th e designe r  ca n "pla y with "  i n orde r  t o 
fin d emergen t  properties .  Th e ide a o f  a  Sketch y Mode l  need s t o b e conceive d o f  i n a 

way whic h take s thi s aspec t  o f  it s  functionin g int o accoun t  (Collin s an d Center , 

1082) . 

6.  Concludin g R e m a r k s 
We hav e chose n a  comple x an d nove l  tas k fo r  ou r  subject s fro m a  domai n wit h whic h the y 

wer e familiar .  Thi s ha s allowe d u s t o develo p a  mode l  whic h ca n accoun t  fo r  severa l  interestin g 

behavior s suc h a s constrain t  gathering ,  balance d development ,  an d th e buildin g an d runnin g o f 

simulation s o f  partiall y  complete d designs .  W e hav e propose d a  mode l  i n whic h ther e i s a  goo d 

deal  o f  intelligenc e give n t o som e o f  th e component s (e.g .  demon s whic h ca n understan d th e 

curren t  stat e o f  th e Sketch y Model) ,  a s wel l  a s frequen t  interactio n betwee n meta-knowledg e 

abou t  desig n an d conten t  specifi c  knowledg e abou t  communicatio n systems . 
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