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Improv in g Desig n wit h Artifac t  Histor y 
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Boulder .  CO,  8030 9 
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Abstrac t 

History tools play an important part in supporting human 
compute r  interaction .  Mos t  researc h i n histor y tool s ha s 
focusse d o n use r  interactio n histories .  I n contrast ,  thi s pape r 
present s a  theoretica l  framewor k fo r  artifac t  histor y an d 
describe s a  compute r  base d desig n environmen t  whic h 
implement s embedde d artifac t  history .  Th e mos t  promisin g 
are a fo r  histor y tool s i s i n collaborativ e design ,  helpin g user s 
t o understan d others '  a s wel l  a s one' s ow n previou s work . 

I n t r o d u c t i o n 

History tools serve several needs in human computer 
interaction .  Le e [1992 ]  argue s tha t  the y ca n hel p alleviat e 
problem s i n h u m a n compute r  interactio n suc h a s variabilit y 
fro m use r  t o use r  an d sessio n t o session .  Use r  activitie s 
contai n repetition ,  whic h motivate s a  wa y t o provid e 
suppor t  fo r  easil y reusin g previou s c o m m a n d s 
(GreenbergWitten ,  1988) .  Studie s o f  th e us e o f  histor y hav e 
focusse d o n histor y a s a  domain-independen t  too l  fo r  use r 
suppor t  (Lee ,  1992 ;  Barnes ,  Bovey ,  1986) . 

Though repetition plays a part in human-computer 
interaction ,  i t  i s  onl y a  smal l  part .  Histor y tool s hav e fa r 
greate r  potentia l  tha n command-lin e recall .  Ther e i s m u c h 
potentia l  fo r  compute r  system s t o serv e a s externa l  m e m o r y 
aid s i n restorin g th e contex t  surroundin g pas t  desig n 
decision s (Suchman ,  1987 ;  Anderson ,  1985 ;  Reder ,  1982) . 
I n th e contex t  o f  collaborativ e design ,  i t  i s  no t  enoug h t o 
provid e use r  history ,  ther e shoul d b e artifac t  history . 
Reeve s [1994 ]  evaluate d thes e issue s wit h respec t  t o 
collaborativ e design ;  th e focu s i n thi s pape r  i s  o n th e 
individual' s perspectiv e o f  artifac t  history . 

After reviewing related work and arguing in detail for 
artifac t  history ,  thi s pape r  wil l  describ e INDY ,  a  desig n 
environmen t  fo r  local-are a networ k design .  Use r  studie s 
raise d severa l  interestin g issue s relate d t o embedde d artifac t 
history . 

Motivation 

Context and Reminding 

Research in human memory has shown that people are 
pron e t o recal l  b y inferrin g "wha t  i s plausibl e give n wha t 
the y ca n remember "  (Anderson ,  1985) .  M e m o r y 

performanc e improve s th e mor e closel y th e curren t  contex t 
matche s th e pas t  physical ,  emotiona l  an d interna l  context . 
M u ch o f  recal l  involve s plausibl e inferenc e rathe r  tha n exac t 
recal l  (Reder ,  1982) . 

Each designer on a project team understands only a portion 
of  th e overal l  desig n artifact .  A s larg e project s evolv e ove r 
tim e i t  wil l  becom e increasingl y importan t  fo r  compute r 
base d desig n environment s t o hel p captur e th e evolutio n o f 
an artifac t  an d no t  jus t  it s  curren t  state .  Th e histor y serve s 
t o remin d designer s o f  h o w th e artifac t  cam e t o b e an d wha t 
th e contex t  wa s whe n certai n decision s wer e made . 

The challenge for computer-based environments is to make 
tha t  contex t  availabl e whic h i s  mos t  usefu l  t o reminding . 
Sinc e ther e i s  suc h a  variet y o f  aspect s b y whic h peopl e 
inde x things ,  thi s i s  a  difficul t  task .  Fo r  exampl e 
circumstantia l  indexin g describe s h o w peopl e associat e 
seemingl y unrelate d event s i n orde r  t o ai d recal l  (Bolt , 
1984) .  Th e promis e o f  embedde d histor y i s t o includ e th e 
dimensio n o f  tim e i n th e indexin g possibilitie s provide d b y 
a computer-base d environment . 

Design Rationale 

Though design rationale appears to have great promise 
(Kunz ,  Rittel ,  1970) ,  ther e hav e bee n fe w recorde d 
successe s (Yakemovic ,  Conklin ,  1990) .  Th e designer s mus t 
perceiv e a  benefi t  fo r  th e extr a cos t  o f  documentin g thei r 
reasonin g (Reeves ,  Shipman ,  1992) .  Fro m th e individua l 
designer' s perspective ,  nothin g i s welcom e tha t  add s t o th e 
responsibilit y  withou t  clea r  benefits ,  o r  wit h benefit s onl y 
fo r  others .  Th e benefi t  o f  histor y relate d t o desig n rational e 
i s tha t  i n domain s suc h a s networ k design ,  whic h involv e 
two-dimensiona l  sketche s an d graphica l  representations , 
designer s ca n ofte n deduc e rational e b y seein g th e proces s 
of  h o w somethin g cam e t o b e (ChenDietterichUUman , 
1991) .  Artifac t  histor y i s  thu s a  wa y t o captur e som e 
aspect s o f  desig n rational e a t  n o cos t  t o th e user . 

In the network domain, a logical map of the current network 
hide s man y tradeoff s an d compromise s tha t  wer e mad e i n 
th e past ,  ye t  whic h stil l  affec t  curren t  decisions .  Havin g th e 
histor y o f  th e evolutio n clarifie s som e o f  th e taci t 
knowledg e tha t  i s  represente d i n th e stati c logica l  map . 
Also ,  artifac t  histor y allow s th e individua l  designe r  t o 
benefi t  fro m others '  wor k withou t  requirin g extr a wor k o n 
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thei r  part . fro m th e individua l  t o th e share d artifact . 

Re la te d W o r k 

Human Computer Interaction 

Computer tools which incorporate history are based on the 
observatio n o f  h o w human s us e th e pas t  t o solv e curren t 
problem s (Lee ,  1992) .  Th e c o m m o n us e o f  a  histor y too l  i s 
t o reus e an d possibl y modif y a  histor y ite m t o sav e 
keystroke s and/o r  mous e stroke s (Linxi ,  Habermann ,  1988) . 
Histor y serve s user s b y allowin g reus e o f  previou s 
interaction . 

Lee [1992a] provides a summary of recent work in history 
tool s an d identifie s seve n use s o f  history : 

1.  reuse :  reusin g script s directl y o r  wit h modificatio n 

2. inter-referential I/O: referring to previously displayed 
informatio n i n curren t  interactio n 

3. error recovery: undoing mistakes 

4. navigation: finding out one's current place, and path 
take n 

5. reminding: aiding recall and providing visual cues to 
past  event s 

6. user modelling: responding to differences in individual 
user s 

7. user interface adaptation 

Studies of the use of history have focussed on history as a 
domain -  an d application-syste m independen t  too l  fo r  use r 
suppor t  (Lee ,  1992 ;  Barnes ,  Bovey ,  1986) .  Use r  activitie s 
contai n repetition ,  whic h motivate s a  wa y t o provid e 
suppor t  fo r  easil y reusin g previou s command s 
(GreenbergWitten ,  1988) .  Th e are a mos t  researche d an d 
most  supporte d b y computer-system s i s reuse .  Accordin g t o 
Linx i  an d Haberman n [1986] ,  th e mos t  c o m m o n us e o f  a 
histor y too l  i s t o reus e an d possibl y modif y a  histor y ite m t o 
sav e keystroke s and/o r  mous e strokes .  Thoug h undoubtedl y 
usefu l  i n simpl e task s suc h a s U N D C c o m m a n d lin e 
submission ,  focusin g o n reus e o f  a n operatin g syste m 
command overlook s h o w peopl e us e computer-base d 
environment s t o carr y ou t  comple x desig n projects . 

Though these interactions with an operating system are 
importan t  an d tool s suc h a s T C S H (Ellis ,  Greer ,  Placeway , 
Zachariassen ,  1987 )  ar e a  usefu l  additio n t o operatin g 
syste m interface ,  th e outcom e o f  a  multi-yea r  desig n projec t 
hardl y depend s o n whethe r  th e designe r  type s Ip r  project.p s 
or  reuse s a  previou s Ip r  command .  Whethe r  i t  i s 
command-lin e recall ,  o r  macr o recording ,  th e suppor t  i s  stil l 
barel y abov e th e keystrok e level .  F e w woul d argu e th e 
usefulnes s o f  macros ,  bu t  highe r  level s o f  suppor t  ar e 
neede d fo r  collaborativ e design . 

The taxonomy above assumes that history is user-specific. 
However  i n collaborativ e design ,  a n additiona l  perspectiv e 
i s helpful ,  tha t  o f  artifact-specifi c  history .  Th e focu s shift s 

E m b e d d i n g Histor y i n Artifact s 

Researchers have looked at the physics of real-world objects 
t o infor m th e desig n o f  computationa l  medi a (Hil l  e t  al. , 
1992) .  Fo r  example ,  a s aut o part s manual s becom e worn , 
the y provid e visua l  an d tactil e cue s t o guid e furthe r  use .  I n 
th e sam e wa y tha t  physica l  wea r  an d tea r  ca n b e a  resource , 
computationa l  medi a shoul d embe d th e histor y o f  a n artifac t 
i n th e artifac t  s o tha t  i t  ca n serv e a s guid e t o furthe r  use . 
Thi s histor y shoul d b e embedde d i n th e desig n artifac t  i n 
suc h a  wa y tha t  th e syste m ca n leverag e th e content s o f  bot h 
th e artifac t  an d th e history .  Cros s referenc e fro m histor y 
even t  t o locatio n o f  th e objec t  i n th e artifac t  (an d back ) 
shoul d b e easy . 

One example of this in Indy (described in more detail in the 
nex t  section) ,  wa s tha t  delete d item s woul d no t  disappea r 
entirely ,  bu t  woul d retai n a  grayed-ou t  o r  ghoste d imag e o n 
th e screen .  I t  wa s visibl e enoug h t o notic e (an d thu s t o 
remin d th e use r  tha t  ther e ha d bee n somethin g there) ,  bu t 
not  s o prominen t  a s t o b e a  majo r  distraction . 

Though user interaction histories have proven useful (Lee, 
1992) ,  a  syste m tha t  support s desig n shoul d tak e th e artifac t 
perspective .  Thi s mean s tha t  th e histor y i s i n term s o f  al l 
change s mad e t o th e artifact ,  rathe r  tha n severa l  historie s 
store d b y user .  Thi s provide s continuit y o f  desig n project s 
as peopl e c o m e an d g o an d th e projec t  evolves .  Th e share d 
artifact s a s wel l  a s th e interactio n i s kep t  togethe r  t o suppor t 
collaborativ e design . 

Suchman [1987] argues that human computer interaction is 
constraine d b y th e tendenc y o f  th e human' s knowledg e t o 
be context-specifi c  o r  situated .  I n long-ter m desig n project s 
designer s mus t  collaborat e acros s spac e an d time .  Thi s 
means tha t  knowledgeabl e domai n worker s wil l  nee d tool s 
t o hel p remembe r  th e relevan t  issue s an d se e th e progres s o f 
th e variou s projects . 

In a computer based design environment, history tools can 
provid e th e contex t  o f  previou s work ,  rathe r  tha n jus t  it s 
curren t  state .  Understandin g " h o w "  somethin g cam e t o b e 
ofte n answer s man y " w h y "  questions ,  especiall y i n desig n 
task s tha t  involv e graphics ,  suc h a s C A D (Sukaviriya , 
1990) .  Loca l  an d W i d e Are a Networ k Desig n i s a n are a i n 
whic h logica l  an d physica l  diagram s pla y a  centra l  rol e i n 
communicatin g crucia l  information .  Stati c diagram s hid e 
much informatio n relevan t  t o modifyin g th e curren t 
network ,  suc h a s h o w certai n tradeoff s an d compromise s 
came t o be . 

Summary 

Related work on history tools thus illustrates three goals. 
First ,  th e leve l  o f  suppor t  ha s bee n to o low .  User s nee d 
mor e tha n command-lin e recall .  Second ,  th e histor y shoul d 
not  b e separate d fro m th e artifact ,  bu t  embedded .  Ther e ar e 
aspect s o f  physica l  wea r  tha t  shoul d find  representation s i n 
compute r  base d media .  Third ,  th e histor y shoul d b e abou t 
an artifact ,  no t  jus t  a n individua l  user .  Collaborativ e desig n 
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relie s heavil y o n th e us e o f  share d artifact s an d th e desig n 
histor y o f  a n artifac t  goe s beyon d an y on e user' s interactio n 
history . 

INDY: History Support for 

C o l l a b o r a t i o n 

Indy is a system which supports the collaborative design of 
compute r  networks .  I t  build s o n desig n environment s 
(Fischer ,  1992 )  b y providin g a  desig n med iu m i n whic h th e 
desig n a s wel l  a s th e communicatio n abou t  th e desig n i s 
stored .  Thi s sectio n describe s th e domai n o f  compute r 
networ k desig n an d summarize s a  long-ter m stud y o f  user s 
of  iNDY . 

Network Design Domain 

A loca l  are a networ k link s device s suc h a s workstations ,  fil e 
servers ,  an d printer s usin g cable s o f  differen t  length s an d 
types .  Network s ca n b e viewe d a t  differen t  level s o f 
abstraction ,  suc h a s connector s an d cables ,  wor k groups ,  an d 
entir e subnets .  Beyon d th e subnet s ar e building-wid e 
backbone s an d eventuall y extremel y larg e net s suc h a s arpa -
and internet . 

Rarely are networks designed from the ground up. There is 
usuall y to o m u c h investmen t  i n th e ol d infrastructur e an d 
addin g functionalit y i s a  proces s o f  evaluatin g difficul t 
tradeoffs .  I t  seem s t o b e wors e tha n softwar e i n tha t  mos t  o f 
th e wor k i s don e afte r  th e initia l  desig n i s allegedl y over . 
Jus t  lik e i n a  larg e softwar e projec t  i t  i s  crucia l  t o hav e a 
chie f  architec t  w h o oversee s th e projec t  fro m star t  t o finish, 
so to o doe s a  turnove r  i n system s administratio n mak e i t 
difficul t  t o mak e goo d decision s abou t  tradeoffs .  Ther e i s 
rarel y on e "right "  wa y t o buil d a  comple x networ k a t  th e 
leve l  of ,  say ,  th e Engineerin g Cente r  a t  th e Universit y o f 
Colorad o a t  Boulde r  (CU) .  Thu s persona l  experienc e an d 
bia s play s a  larg e rol e i n redesignin g existin g networks . 

This domain is useful to study from the perspective of this 
research ,  becaus e th e contex t  o f  a  desig n decisio n i s s o 
importan t  i n a  rapidl y changin g domain .  Ther e ar e man y 
ways t o suppor t  give n requirement s an d proble m framin g 
play s a n importan t  part .  Networ k desig n i s typica l  o f  a  wid e 
rang e o f  othe r  desig n domains .  Thoug h analysi s tool s exist , 
i t  i s  no t  possibl e t o automat e networ k design .  Eac h solutio n 
illustrate s tradeoff s betwee n man y goal s suc h a s cos t  an d 
reliability . 

Figure 1 shows how to trace the history of any design unit. 
A lis t  o f  change s i s shown ,  an d th e correspondin g histor y 
transaction s ar e highlighte d i n th e histor y pan e (i n thi s cas e 
th e complet e artifac t  histor y i s lon g an d onl y on e histor y 
entr y o f  th e specifie d desig n uni t  (Workstation-259 )  i s 
visibl e i n th e righ t  pane. )  Suppor t  i s  als o provide d fo r 
finding  recen t  wor k (Figur e 1  show s tha t  use r  "haleden " 
made change s o n 1/28/93) . 

One can select any of the history transactions and the 
artifac t  wil l  b e "rolle d back "  t o tha t  poin t  i n time .  Tha t  is , 
th e diagra m wil l  loo k lik e i t  di d i n th e past ;  addition s wil l  b e 

remove d an d item s tha t  hav e bee n delete d wil l  appea r  onc e 
again .  Th e artifac t  i s  rolle d bac k on e chang e a t  a  time ,  s o 
tha t  eac h move ,  create ,  o r  delet e i s seen .  I n som e case s a 
uni t  i s  affecte d whic h i s no t  currentl y o n th e visibl e page ,  i n 
thi s case ,  th e windo w i s automaticall y scrolle d t o sho w th e 
affecte d unit . 

Network designers made much use of this feature as they 
eac h hav e primar y responsibilit y  fo r  onl y portion s o f  th e 
network ,  ye t  thei r  wor k ofte n overlaps .  The y ca n restor e th e 
artifac t  t o th e stat e i n whic h the y las t  edite d th e artifac t  an d 
ar e abl e t o bette r  understan d th e rational e an d implicatio n o f 
any ne w modifications .  A s a  reflexiv e tool ,  th e previou s 
contex t  i s  restore d t o enhanc e recognitio n o f  one' s ow n 
work .  Th e too l  thu s acknowledge s an d support s designers ' 
situate d cognition . 

Users were involved with Indy in two ways. First, they 
helpe d i n th e desig n proces s b y evaluatin g earl y prototypes . 
Second ,  the y participate d i n a  lon g ter m stud y o f 
collaborativ e design .  Thi s stud y involve d tw o designer s 
takin g turn s designin g an d evaluatin g eac h other' s work , 
followe d b y other s analyzin g th e resultin g design .  I t  wa s 
conducte d i n a  participator y desig n fashio n an d use r 
suggestion s guide d th e implementation .  Th e purpos e o f  th e 
lon g ter m stud y wa s t o simulat e th e proces s o f  severa l 
projec t  member s collaboratin g asynchronousl y an d t o 
evaluat e th e rol e playe d b y embedde d communicatio n an d 
embedded history . 

All participants in this study were experienced in network 
design ,  an d al l  five  wer e employe d i n variou s role s o f 
networ k desig n a t  th e tim e o f  th e study .  Tabl e I  show s tha t 
experienc e range d fro m 4  t o 1 2 years .  Thi s include d 
experienc e i n system s administratio n an d loca l  an d 
wide-are a networ k design . 

Setup and Tasks 

The study took place at of the University of Colorado at 
Boulder .  Afte r  a  representatio n o f  th e curren t  compute r 
networ k wa s mad e i n Indy ,  tw o participant s wer e give n th e 
task s o f  addin g workstation s t o thi s networ k an d evaluatin g 
eac h other' s work .  Thi s collaboratio n too k plac e ove r  a 
perio d o f  5  months .  Use r  name s hav e bee n change d t o 
preserv e anonymity .  Th e followin g sequenc e wa s chose n t o 
closel y mirro r  curren t  event s an d provid e opportunitie s fo r 
studyin g collaborativ e design : 

This author entered parts of the office tower (OT) and 
classroo m win g (CR )  backbone s an d th e lab s whic h ar e 
attache d int o iNDY .  T o giv e a  flavor  th e "size "  o f  th e task , 
th e histor y lis t  show s tha t  5 6 transaction s wer e use d t o setu p 
th e initia l  networ k configuration .  Tha t  is ,  5 6 desig n 
change s suc h a s create ,  move ,  connec t  wer e use d t o see d th e 
environmen t  i n whic h th e user s task s wer e the n carrie d out . 
Thi s autho r  entere d tw o mai n subnet s i n th e engineerin g 
cente r  a t  C U .  The n Joshu a an d Luk e too k turns ,  eac h a 
coupl e o f  week s apart ,  i n makin g modification s t o th e net . 
At  th e en d severa l  othe r  networ k designer s evaluate d th e 
artifact . 
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[a I s hooked*to*tR e exfstins O 

^ i l 
ICIayto n Quadl- a 
[Quadr a 95 0 | 

rter ,  $ o u e 

flou e UORKSTHTION-365 
Rdd H n e s CRBLE-33 7 
Creat e THINMET-36 6 
Moue MOTE-32 7 
tlou e NOTE-34 8 
Moue NOTE-33 4 
Moue MOTE-33 8 
Creat e NOTE-36 7 
TextEdi t  NOTE-36 7 
Move NOTE-36 7 
Creat e NOTE-36 9 
TextEdi t  NOTE-36 9 
01/28/1993 haleden 

(45 )  cleanup/rearrangene r 
(16 )  ad d duck' s q959' s 
nov e gerhard s nac s t o ni ^ 

jCreat e 
I  Hov e 
lEdi t 
I  Connec t 
I  Edi t 

Edi t 
I  Ungrou p 

bar b 
bar b 
bar b 
bar b 
bar b 
halede n 
halede n 

10/25/199 2 
10/25/199 2 
10/25/199 2 
10/25/199 2 
10/25/199 2 
11/19/199 2 
1/28/199 3 

Ungrou p CESIGN-UNll-379 1 
Grou p DESIGN-UNIT-4e 5 
flou e TUISTED-PHIR-31 4 
Delet e TUISTED-PflIR-31 4 
Delet e TWISTED-PHIR-31 5 
Delet e TUISTED-PniR-31 6 
Howe DESIGN-UNIT-4e 6 
Move DESIGN-UNIT-40 6 
Moue DESIGN-UNIT-40 5 
Creat e EXPfiNDER-40 7 
Creat e THINNET-40 8 
Creat e TUISTED-PflIR-4B 9 

ICIayto n Quadf- a 1 
"1 Quadr a 95 8 |  adda d ne w nv ^  har t  unti l  .sonathin o 
'  .  als e I S don e wit h ctâ to n s  otha r  nac s 
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Figur e 1 :  Indy :  a  networ k desig n too l  wit h embedde d histor y 

The major panes in this screen image (from left to right) are the Palette, the Work Space, an(j the History. The history has a cassette-deck 
(uppe r  right )  a s wel l  a s direct-manipulatio n interface .  Th e histor y ca n b e querie d accordin g t o users ,  desig n units ,  an d dates .  Th e pop-u p 
windo w (lowe r  right )  show s th e trac e o f  a  workstation ,  whic h wa s create d o n 10/25/92 . 

Tabl e 1 :  Users '  experienc e an d backgroun d 

User 

Joshu a 

Luk e 

Ben 

Mica h 

Pat 

Networ k Desig n Experienc e 

7 year s 

10 year s 

12 year s 

4 year s 

6 year s 

Task s wer e chose n t o coincid e wit h recen t  an d propose d 
machin e purchase s an d change s i n th e Compute r  Scienc e 
department .  Th e task s wer e clos e enoug h t o th e rea l 
situatio n t o caus e designer s t o tak e int o accoun t  th e rea l 
situatio n i n carryin g ou t  th e tasks .  Fiv e o f  th e session s wer e 
videotape d an d protoco l  analyse s showe d a n intermixin g o f 
reference s t o th e iND Y representatio n an d th e C U networ k i n 
resolvin g desig n decision s an d evaluatin g th e networ k 
layouts . 

Results and Discussion 

After the initial creation of the artifact with 56 transactions, 
participant s use d anothe r  24 9 transaction s t o accomplis h th e 
task s durin g th e study . 

Artifac t  changes .  Designer s di d no t  hesitat e t o m a k e 
change s t o th e artifact .  Thi s wa s du e i n par t  t o th e explici t 
direction s t o " m a k e an y change s yo u wan t  to. "  Howeve r 
ther e wa s n o hesitation ,  o r  indicatio n o f  discomfor t  i n 
carryin g ou t  tha t  assignment .  I t  wa s no t  possibl e t o tel l  h o w 
th e absenc e o f  a  histor y mechanis m woul d hav e affecte d 
this ,  i.e .  whethe r  th e willingnes s t o chang e other' s wor k 
was du e t o th e fac t  tha t  th e change s coul d easil y b e undone , 
or  whethe r  th e willingnes s t o chang e somethin g wa s relate d 
t o th e individual' s confidenc e tha t  th e change s wer e indee d 
correct . 

Perception of history. In their use of the history 
mechanisms ,  i t  seem s tha t  designer s wer e no t  thinkin g o f  i t 
i n th e sens e o f  Holla n an d Stornett a [1992] ,  i.e .  archive d 
communication ,  bu t  rathe r  a s a n archive d trac e o f  changes . 
Nevertheles s on e designe r  mentione d th e tim e dimensio n o f 
communication : 

I  ca n se e yo u wantin g t o hav e th e note s basically ,  wel l 
th e note s ar e tim e based ,  yo u hav e a  tim e dimension . 
And s o yo u migh t  hav e conflictin g note s attache d t o th e 
same plac e o r  sam e object.. .  An d s o yo u migh t  wan t  t o 
see th e entir e sequenc e o f  note s associate d wit h 
something .  Yo u migh t  wan t  t o se e th e las t  not e 
associate d wit h it . 

Reminding .  Severa l  suggestion s wer e m a d e relativ e t o 
histor y acces s an d presentation .  User s requeste d acces s t o 
th e histor y b y user .  Thi s aros e i n a  reflexiv e C S C W use , 
namel y th e nee d t o find  wher e on e ha d don e wor k oneself . 
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Histor y lis t  organization .  Designer s wante d t o grou p set s 
of  transaction s an d describ e the m s o tha t  the y di d no t  hav e 
t o loo k a t  a  lon g lis t  o f  change s a s remembe r  wha t  the y 
accomplished .  T o provid e a  fee l  fo r  th e "size "  o f  a  group , 
th e numbe r  o f  transaction s i s shown .  Fo r  example ,  th e righ t 
pan e o f  Figur e 1  show s tha t  i t  too k 1 6 transaction s t o "ad d 
duck' s q950's "  (Appl e Quadr a 950s) . 

Embedded history. The integration of history and artifact 
was wel l  exploited .  Th e followin g quote s fro m th e 
transcrip t  motivat e Indy' s histor y acces s mechanisms : 

I  don' t  remembe r  exactl y wher e I  wa s las t  time .  I s ther e 
a wa y t o determin e wher e I  lef t  off ? 

Sometime s it' d b e usefu l  t o kno w wh o mad e thi s chang e 
i n th e design . 

Anothe r  thin g tha t  migh t  b e usefu l  woul d b e fo r  m e t o 
hav e som e wa y t o sa y '  'Wher e wa s tha t  create d an d wh o 
create d it?' ' 

So i s ther e an y wa y t o find  ou t  wh o mad e thes e notes ? 

I s ther e a  wa y t o find  th e histor y o f  a n item ? 

But  that' s incorrect.. .  yo u se e here ,  history' s useful , 
becaus e I  wan t  t o g o bac k t o th e contex t  o f  when.. .  I 
starte d mor e o r  less.. . 

Language of design. A history mechanism also surfaces the 
issu e o f  th e "languag e o f  design" ,  becaus e th e histor y mus t 
serv e th e use r  i n understandin g previou s wor k (Schoen , 
1987) .  Th e languag e use d t o describ e action s shoul d matc h 
closel y th e languag e use d t o d o design .  I f  on e wer e t o 
searc h th e histor y fo r  "change "  on e woul d no t  se e 
"delete "  followe d b y "create. "  Th e mor e closel y aligne d 
th e histor y transactio n languag e i s wit h th e "languag e o f 
doing" ,  th e bette r  th e syste m wil l  b e a t  providin g service s 
t o augmen t  design . 

Conclusion 

History tools at the level of command line recall are 
certainl y useful ,  bu t  mor e researc h i s neede d a t  highe r  level s 
of  proble m solving .  Th e researc h directio n take n her e 
indirectl y motivate s stron g emphasi s o n tas k analysis , 
becaus e th e histor y i s bes t  represente d i n term s o f  task s th e 
use r  want s t o accomplis h (an d late r  remember) . 

Situated cognition research on the importance of context 
motivate s histor y tool s tha t  suppor t  th e collaborativ e desig n 
of  comple x artifact s (Lave ,  1988) .  The y mus t  b e tas k 
specifi c  an d integrate d wit h th e desig n environment .  Th e 
payof f  i s  tha t  th e syste m ca n the n augmen t  huma n designer s 
by providin g importan t  aspect s o f  th e contex t  o f  previou s 
wor k t o stimulat e recognition . 

Individuals benefit in two ways from artifact history. First, 
i t  act s a s a  too l  t o ai d i n reminding .  On e ca n restor e th e 
contex t  i n whic h previou s decision s wer e mad e an d s o 
bette r  understan d som e o f  th e taci t  knowledg e tha t  affecte d 
th e decisions .  Second ,  i t  allow s a  use r  t o lear n from  others ' 
interactio n withou t  extr a wor k o n th e others '  part . 

This research has also exposed limitations of history tools. 

Thi s approac h work s bes t  i n domain s wher e graphic s pla y a 
centra l  role .  I n thes e domain s i t  i s  eas y t o represen t  a s wel l 
as visualiz e changes .  Thes e change s carr y muc h semanti c 
meanin g t o expert s s o littl e els e mus t  b e tracke d excep t  th e 
graphica l  changes .  I n othe r  domain s i t  i s  no t  clea r  ho w t o 
represen t  o r  visualiz e a  change .  Fo r  exampl e softwar e 
engineerin g ha s lon g ha d histor y tool s (versio n contro l 
systems) ,  ye t  ther e ar e n o goo d tool s fo r  representin g o r 
visualizin g changes . 
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