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Rout in e Evolut io n a s th e Microgeneti c Basi s o f  Skil l  Acquistio n 

Philip E. Agre JefF Shrager 

Departmen t  o f  Compute r  Scienc e Syste m Science s Laborator y 

Universit y o f  Chicag o Xero x Pal o Alt o Researc h Cente r 

Recent work in several areas has begun to demonstrate the value of microgenetic studies of the evolution 
of  huma n activities .  B y payin g clos e attentio n t o th e circumstantia l  detai l  tha t  chronometricall y base d 
statistica l  method s suppress ,  microgeneti c method s redirec t  ou r  theoretica l  attentio n fro m putativ e men -
ta l  mechamism s t o th e inheren t  logi c o f  activitie s i n situ .  W e hav e bee n studyin g i n detai l  th e action s o f 
a singl e subjec t  engage d i n a  routin e photocopyin g job .  Althoug h he r  action s spee d u p accordin g t o a 
classica l  powe r  law ,  th e change s i n he r  performanc e deriv e primaril y fro m a  constan t  an d quit e comple x 
evolutio n o f  he r  pattern s o f  interactio n wit h he r  environment .  Microgeneti c analysi s o f  th e evolutio n o f 
thre e aspect s o f  th e subject' s activit y demonstrate s th e dialectica l  relationshi p betwee n th e person-in -
activit y an d th e settin g i n whic h th e activit y take s place .  Ou r  goa l  i s t o buil d a  theor y o f  skil l  acquisitio n 
tha t  doe s justic e t o th e detaile d organizatio n an d situationa l  embeddin g o f  activity . 

1 Introduction 

If you do something over and over, you get better at it. A substantial literature understands this commonplace 

observatio n i n term s o f  somethin g calle d a  practic e effect .  I n thi s literature ,  "better "  generall y mean s "faster " 

an d wha t  get s faste r  i s  hypothesize d t o b e menta l  processing .  W h e n thi s formulatio n i s  operationalize d 

experimentally ,  on e obtain s a  curv e recordin g ho w lon g a n experimenta l  tas k ha s take n a s a  functio n o f  ho w 

m u ch practic e th e subjec t  ha s ha d wit h it .  I t  i s  a m o n g th e mos t  robus t  result s o f  experimenta l  psycholog y 

tha t  thi s curve ,  whe n average d acros s subjects ,  approximate s a  powe r  function ,  s o tha t  th e subject s ca n b e 

viewe d a s getting ,  say ,  thirt y percen t  bette r  o n eac h iteratio n relativ e t o som e asymptote .  Thi s i s calle d th e 

"powe r  la w o f  practice. "  ̂  

M a ny cognitiv e account s o f  th e powe r  la w an d othe r  practic e effect s hav e bee n proposed ,  includin g 

th e shiftin g o f  procedura l  subunit s fro m controlle d t o automati c processin g (Shiffri n &  Schneider ,  1977) , 

th e substitutio n o f  procedura l  subunit s b y remembere d result s (Newel l  L  Rosenbloom ,  1981 ;  Siegle r  L 

Shrager ,  1984) ;  an d th e strengthenin g an d associate d speedu p o r  collapsin g o f  procedura l  subunit s (Anderson , 

1983) .  Th e principa l  concer n withi n thi s literatur e ha s bee n t o isolat e a  speedu p effec t  independen t  o f 

comple x change s i n th e activity .  Thi s ha s le d mos t  investigator s t o stud y practic e effect s b y combinin g dat a 

fro m severa l  subjects ,  thu s suppressin g th e shar p change s i n performanc e tim e tha t  resul t  fro m qualitativ e 

modification s o f  eac h individu d subject' s behavior . 

A numbe r  o f  author s hav e pointe d ou t  tha t  performanc e m a y improv e a s a  resul t  o f  change s i n th e 

way th e subjec t  carrie s ou t  th e tas k rathe r  tha n b y acceleratio n o f  menta l  processing .  Grossma n (1959 ) 

derive d genera l  law s o f  practic e b y statistica l  combinatio n o f  differen t  possibl e procedure s fo r  accomplishin g 

a task .  Anza i  an d Simo n (1979 )  propose d a  theor y o f  skil l  acquisitio n incorporatin g a  numbe r  o f  mechanism s 

includin g chunking ,  avoidin g ba d moves ,  an d generalization .  Chen g (1985 )  warne d o f  th e possibilit y o f 

genera l  "restructuring, "  a  proces s sh e liken s t o change s i n th e brain' s software .  Siegle r  (1987 )  demonstrate s 

th e danger s o f  statistica l  combinatio n o f  performanc e time s i n inadvertentl y hidin g importan t  individua l 

difference s i n th e procedure s tha t  compos e skill ,  o r  eve n worse ,  o f  givin g credi t  t o a  procedur e tha t  doe s 

not  exis t  a t  all .  Finally ,  Siegle r  an d Jenkin s (1989 )  observe d th e discover y o f  a  ne w strateg y i n on e child' s 

arithmeti c performance . 

Al l  o f  thes e project s begi n fro m th e assumptio n tha t  speed-u p i s a  unitar y phenomenon .  Thi s assumptio n 

lead s t o a  searc h fo r  genera l  menta l  speedu p mechanisms ,  suc h a s thos e base d o n strengthening ,  chunking , 

or  restructuring .  Thi s strategy ,  w e feel ,  limit s thes e researc h program s i n thre e ways .  First ,  i t  lead s som e 

'  W e recommen d Newe U an d Rosenbloo m (1981 )  fo r  a  carefu l  histor y an d analysi s o f  th e powe r  law . 
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of  the m t o suppres s th e qualitativ e structur e o f  activitie s s o a s t o focu s o n aggregat e propertie s suc h a s 

elapse d time .  Second ,  eve n thos e author s w h o atten d t o th e detail s o f  individua l  performanc e clai m domai n 

independenc e fo r  thei r  theories ;  a s a  consequence ,  th e natur e o f  "domains "  i s neve r  clarifie d o r  give n a 

substantiv e rol e i n th e theory .  A n d third ,  th e searc h fo r  menta l  speedu p mechanism s lead s al l  o f  thes e 

researcher s t o trea t  activitie s an d change s a s wholl y menta l  eve n though ,  a s w e wil l  argue ,  the y ar e not .  Al l 

of  th e account s hypothesiz e tha t  wha t  change s i s som e structur e locate d primaril y i n th e subject' s mind , 

suc h a s a  plan ,  algorithm ,  o r  m e m o r y configuration . 

To overcom e thes e limitations ,  w e propos e a  differen t  researc h strateg y fo r  investigatin g th e evolutio n 

of  skill s  throug h practice .  W e propos e takin g th e evolvin g organizatio n o f  a n activit y t o b e a  centra l 

phenomenon ,  no t  a  margina l  one .  Specifically ,  w e propos e viewin g individuals '  activitie s a s takin g plac e 

throug h interaction s wit h th e worl d an d no t  jus t  i n thei r  heads .  Activitie s deriv e thei r  organizatio n no t  onl y 

fro m menta l  processe s an d structure s bu t  fro m interaction s wit h a  potentiall y  changin g environment .  Th e 

topi c o f  study ,  then ,  i s no t  "speed-up "  o r  "performanc e improvement "  a s suc h bu t  rathe r  th e qualitativ e 

processe s throug h whic h routin e activitie s evolv e ove r  time .  W e refe r  t o thi s phenomeno n a s "routin e 

evolution. " 
Thi s strateg y i s consisten t  wit h a  broa d movemen t  i n computationa l  an d socia l  theorie s towar d viewin g 

human activitie s a s essentiall y  situate d i n particula r  concret e circumstance s (Agre ,  i n preparation ;  Lave , 

1988 ;  Suchman ,  1987) .  Thi s i s no t  t o den y th e existenc e o f  menta d processing ,  bu t  i t  i s  t o giv e interaction s 

wit h th e environmen t  a  centra l  rol e i n organizin g activit y an d i n determinin g it s cours e i n particula r  cases . 

Lav e (1988 )  ha s recommende d adoptin g a s th e unit s o f  analysi s th e person-tn-aciivit y an d th e settin g i n 

whic h th e activit y take s place .  Thes e tw o entitie s participat e i n a  dialectica l  relationshi p wit h on e another . 
The ter m "dialectical "  ha s thre e implications :  tha t  th e person-in-activit y an d settin g interac t  wit h on e 

another ;  tha t  the y reciprocall y influenc e on e another ;  an d tha t  the y canno t  sensibl y b e define d excep t 

wit h referenc e t o on e another .  O n thi s view ,  routin e evolutio n i s bes t  viewe d a s reflectin g th e evolutio n o f 

th e person/settin g dya d an d no t  simpl y o f  menta l  content s o r  physica l  environment s o n thei r  own .  Thu s 
th e challeng e fo r  researc h i s h o w t o stud y thi s unfoldin g dialecti c o f  interactio n a s a  natural ,  qualitative , 

self-organizin g process . 

2 Routine Evolution in Photocopying 

In pursuit of a theory of routine evolution, we are conducting detailed analyses of the evolution of particular 
routin e activitie s performe d b y particula r  individuals .  I n thi s pape r  w e describ e on e o f  ou r  earl y studies . 

We chos e t o observ e routin e evolutio n i n th e activit y o f  photocopyin g becaus e i t  i s  a  ver y c o m m o n offic e 

task ,  makin g i t  eas y t o find  non-exper t  subject s wit h som e experience .  Indeed ,  i t  i s  c o m m o n enoug h tha t 

one migh t  no t  eve n expec t  t o find  practic e effect s a t  all . 

We employe d a  deceptiv e experimenta l  paradig m s o tha t  th e subjects '  awarenes s o f  bein g observe d woul d 
not  lea d the m t o tr y self-consciousl y t o optimiz e thei r  performance .  W e advertise d a t  Stanfor d Universit y 

fo r  a  temporar y offic e worke r  t o hel p ou t  i n preparation s fo r  a n upcomin g conference .  N o mentio n wa s m a d e 

of  a  psycholog y experiment .  W h e n th e subject ,  w h o m w e shal l  cal l  Sarah ,  arrive d sh e wa s show n t o a  roo m 

containin g a  Xero x 107 5 copie r  (Figur e 1) .  W e ha d mounte d a  camer a i n th e ceilin g o f  th e room ,  overlookin g 

th e entir e copier ,  an d ha d hidde n a  microphon e nea r  th e copier .  T h e camer a wa s no t  easil y visible ,  an d i n 

th e debriefin g Sara h reporte d havin g n o awarenes s tha t  sh e wa s bein g observed .  U p o n completio n o f  th e 
task ,  Sara h receive d $20 ,  afte r  whic h th e experimenta l  cove r  wa s lifte d an d sh e wa s debriefed .  Sh e wa s als o 

give n th e optio n o f  havin g th e videotap e erase d immediatel y an d o n th e spo t  withou t  an y question s asked , 

and withou t  pressur e fro m th e experimenter ,  t o th e exten t  tha t  thi s wa s possible . 

Ther e wer e fou r  sort s o f  copyin g task ,  bu t  onl y on e o f  thes e concern s u s here .  I n thi s task ,  thre e paper s 

wer e selecte d fro m a  collectio n o f  reading s fro m a  Stanfor d psycholog y course ,  boun d b y a  0. 5 inc h blac k 
"Cerlox "  binder ,  wit h fron t  an d bac k cover s o f  heav y gree n paper .  A  post-i t  o n th e book' s cove r  read :  "Nee d 

3 copie s o f  th e indicate d papers—an y styl e bu t  staple d woul d b e nice. "  T h e first  o f  th e thre e paper s wa s 1 7 

pages i n length .  T h e cop y o f  thi s pape r  i n th e spiral-boun d reading s collectio n begin s o n pag e 6 7 ( a righ t 
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Figur e 1 :  T h e X e r o x 107 5 photocopier :  1 .  Recirculatin g D o c u m e n t  Handle r  ( R D H ) ,  2 .  Contro l  Panel , 

3.  Copie r  B o d y ,  4 .  O u t p u t  Trays .  T h e S T A R T butto n i s th e leftmos t  o n th e contro l  panel ,  an d th e copie r 

glas s i s o n th e copie r  b o d y centere d unde r  th e R D H . 

hand page) of the 296 page book. Sarah began to copy this paper after about one hour and six minutes of 
w o r k ,  a n d finishe d abou t  fou r  minute s later . 

We begi n ou r  analysi s b y lookin g a t  th e chronometri c aspect s o f  Sarah' s performance .  A s w e wil l  se e i n 

a m o m e n t ,  Sarah' s activit y i n thi s tas k i s quit e c o m p l e x a n d change s constantly .  I s sh e actuall y improvin g 

i n te rm s o f  speed ? Figur e 2  s h o w s th e t im e i n hundredth s o f  second s be twee n o d d - n u m b e r e d presse s o f  th e 

copier' s S T A R T button .  W e depic t  th e t im e fo r  successiv e pair s o f  page s becaus e left-page-right-pag e i s th e 

natura l  cyclica l  uni t  i n copyin g a  b o u n d d o c u m e n t .  W e ca n se e tha t  althoug h sh e begin s fairl y  slowly ,  sh e 

rapidl y increase s i n speed .  I n fact ,  thi s plo t  i s  ver y clos e t o a  p o w e r  law .  W e hypothesiz e tha t  i f  w e averag e 

suc h da t a ove r  a  n u m b e r  o f  subjects ,  w e wil l  b e abl e t o produc e a n excellen t  classica l  powe r  la w o f  practice . 

SOOO 0  4 . 

H 
u 
^  *50 0 0  4 -
d 
r 
• 
•  tOOO 0  4 . 
n 
i f  340 0 0  J . 

S 
e 
Q 300 0 0  i _ 
O 
n 
d 
S ?iO O 0  i _ 

4- + + 
6-)  1 9 10 I I  1 !  11 14-l S H U 
Pairs of Pagas 

Figur e 2 :  T h e elapse d t im e fo r  eac h successiv e pai r  o f  copies . 
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3 Microgenet i c Analysi s 

Having demonstrated that there is indeed speedup in this simple activity, and that it appears to be compatible 

wit h th e traditiona l  practic e effec t  findings ,  w e n o w wan t  t o locat e th e sourc e o f  thi s effect .  Chronometri c 

method s canno t  registe r  th e fine  qualitativ e structur e i n th e evolutio n o f  Sarah' s routin e fo r  th e copyin g 

task .  Instead ,  w e follo w Vygotsky' s advic e (1978 :  58-75 ;  Scribner ,  1985 )  t o stud y th e subject' s activit y a s a 

historica l  phenomenon ,  finding  it s essenc e i n it s processe s o f  chang e rathe r  tha n i n th e "fossilized "  outwar d 

structur e tha t  i t  migh t  exhibi t  i f  allowe d th e tim e t o becom e wholl y mechanical .  Specifically ,  w e emplo y 

microgeneti c method s suc h a s employe d b y Siegle r  an d Jenkin s (1989) .  Thes e method s involv e th e detaile d 

documentatio n an d codin g o f  particula r  stretche s o f  activity ,  a  sor t  o f  micro-longitudina l  trackin g o f  th e 

routin e evolutio n proces s acros s a  lon g period .  T h e analysi s w e discus s i n thi s pape r  cover s th e fou r  minute s 

of  Sarah' s copyin g activity ,  observe d a t  video-fram e granularit y o f  l/30t h o f  a  second . 

We wil l  develo p ou r  argumen t  b y recountin g a  serie s o f  momen t s i n th e evolutio n o f  Sarah' s photocopyin g 

routine .  I n doin g this ,  w e hav e tw o goals .  First ,  w e wis h t o demonstrat e th e utilit y  o f  microgeneti c analysi s 

i n makin g sens e o f  th e intricacie s o f  th e evolutio n o f  thi s activity .  A n d second ,  w e wis h t o demonstrat e 

tha t  eve n whe n activit y i s routine ,  i t  i s  continuall y self-organizin g throug h interactio n betwee n th e person -

in-activit y an d th e setting .  A  prerequisit e o f  routin e activit y i s th e regularit y o f  th e relevan t  aspect s o f  th e 
environment ,  an d thi s regularit y i s itsel f  a  produc t  o f  th e routin e activity . 

Sarah' s action s whil e copyin g th e first  fe w page s ar e markedl y circumspect .  Sh e settle s th e boo k carefull y 

int o place ,  readjust s th e controls ,  look s aroun d he r  a  grea t  deal ,  an d check s th e results .  Non e o f  thes e 

aspect s o f  he r  activit y i s apparen t  onc e he r  routin e ha s settle d d o w n i n th e late r  par t  o f  th e task .  I t  i s  wort h 

distinguishin g thi s generi c circumspectio n fro m action s whic h ar e presen t  i n th e beginnin g bu t  whic h late r 
prov e inessential .  S o m e action s dro p out ;  fo r  instance ,  sh e doe s no t  clos e th e R D H ^  cove r  afte r  th e thir d 

page .  Thi s chang e save s he r  abou t  6. 3 second s pe r  cycle. ^  I n addition ,  aspect s o f  th e activit y slid e o n to p o f 
one anothe r  i n tim e an d begi n t o merg e together .  Fo r  example ,  he r  pressin g o f  th e S T A R T button—initiall y 

a clearl y separat e step—merge s wit h othe r  action s suc h a s walkin g t o th e righ t  o f  th e copie r  o r  continuin g 

t o positio n th e boo k wit h he r  lef t  hand . 

Sara h use s aspect s o f  th e settin g t o coordinat e he r  activity ,  bu t  th e relationshi p betwee n thes e change s 

ove r  tim e i n th e task .  Fo r  example ,  becaus e Sara h i s  makin g thre e copie s i n thi s task ,  th e copie r  flashes 

ver y brightl y thre e time s (a t  0. 8 secon d intervals )  afte r  th e S T A R T butto n ha s bee n presse d an d befor e th e 

boo k ca n b e se t  u p fo r  th e nex t  page .  Ove r  th e cours e o f  th e tas k thes e flashes  gro w int o a  pivota l  resourc e 

i n th e organizatio n o f  he r  activity .  Thi s developmen t  ha s tw o relate d aspects .  First ,  a  perio d o f  dea d tim e 

of  abou t  2. 4 second s intervene s betwee n pressin g S T A R T an d th e poin t  a t  whic h th e boo k ca n b e moved . 

Second ,  th e precis e m o m e n t  whe n manipulatio n o f  th e boo k ca n resum e ca n b e identifie d b y mean s o f  th e 
thir d flash.  Nea r  th e beginnin g o f  th e tas k a  m o m e n t  passe s betwee n th e thir d flash  an d Sarah' s turnin g 

towar d an d settin g u p th e nex t  page .  A s tim e goe s on ,  however ,  sh e begin s settin g u p eve n befor e th e thir d 

flash  (tha t  is ,  afte r  th e first  o r  secon d flash)  s o tha t  sh e i s read y t o g o a s soo n a s th e thir d flash  arrives .  I n 

th e cours e o f  th e task ,  thi s chang e reduce s th e tim e pe r  cycl e b y abou t  5. 7 seconds . 
Havin g surveye d thes e genera l  point s le t  u s focu s o n th e evolutio n o f  a  particula r  segmen t  o f  eac h cycle , 

namel y th e perio d afte r  eac h odd-numbere d page ,  whe n Sara h turn s t o th e nex t  page .  A t  thi s poin t  i n th e 

cycl e th e righ t  han d pag e i s fac e d o w n o n th e copie r  glas s an d th e lef t  han d pag e i s drape d ove r  th e righ t 

edge o f  th e glass .  Sh e need s t o tur n th e boo k fac e up ,  pu t  i t  d o w n o n th e copier ,  tur n th e page ,  an d replac e 

th e boo k o n th e glas s s o tha t  th e nex t  (lef t  hand ,  even-numbered )  pag e i s fac e d o w n o n th e glass .  I n eac h 
case ,  Sara h proceed s b y a  rapi d an d fluent  sequenc e o f  hand-over-han d move s tha t  t2ike s som e patienc e t o 

recor d accurately .  T h e specifi c wa y i n whic h sh e accomplishe s thes e move s provide s a  clea r  exampl e o f  th e 

"̂Recirculatin g Documen t  Handler "  -  se e Fig\u- e 1 . 
^We provid e thes e approximat e measurement s purel y a s par t  o f  th e analysi s o f  th e sourc e th e powe r  la w show n i n Figur e 

2.  I t  i s  alway s extremel y difficul t  t o measur e i n a  principle d wa y th e chronometri c contributio n o f  thes e aspect s o f  th e activity . 
I n thi s case ,  fo r  example ,  closin g th e R D H leave s Sarah' s righ t  han d close r  t o th e STAR T butto n tha n whe n sh e i s touchin g 
th e boo k an d doe s no t  clos e th e R D H.  Therefore ,  althoug h som e tim e i s los t  i n R D H manipulation ,  he r  han d spend s les s tim e 
travelin g t o th e S T A R T button .  An y chronometri c operationalizatio n woul d hav e t o fin d a  systemati c wa y o f  correctin g fo r 
suc h effects . 
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dialectica l  characte r  o f  routin e evolution . 

Tabl e 1  catalog s whic h han d Sara h use s t o accomplis h eac h o f  eigh t  function s i n th e pag e turnin g activit y 

o n eac h o f  th e eigh t  cycle s o f  th e copyin g tas k ( R i s right ,  L  i s  left) .  I t  i s  importan t  t o understan d tha t 

thes e "functions "  ar e gros s categorie s tha t  we ,  th e theorists ,  ar e pickin g ou t  fro m Sarah' s behavior .  W e d o 

no t  k n o w i f  sh e woul d describ e th e activit y i n thes e terms ,  an d o f  cours e m u c h mor e i s goin g o n i n th e pag e 

turnin g activit y tha n thi s tabl e captures . 

W i t h tha t  i n m ind ,  w e ca n describ e th e evolutio n o f  Sarah' s pag e turnin g routin e i n thre e parts ,  a s 

depicte d i n Tabl e 1 .  Par t  A  consist s o f  th e thre e functions :  liftin g th e boo k t o tur n i t  fac e up ,  flipping  i t  fac e 

up ,  aji d somethin g w e wil l  cal l  "assistance "  tha t  generall y consist s o f  graspin g th e free-hangin g sid e o f  th e 

boo k an d pullin g i t  aroun d i n th e appropriat e direction .  Par t  B  consist s o f  liftin g th e pag e t o b e turne d an d 

flipping  th e pag e t o th e opposit e side .  Par t  C  consist s o f  liftin g th e righ t  sid e o f  th e n o w fac e u p book ,  an d 

flipping  i t  fac e d o w n .  Thi s operatio n to o require s assistanc e wit h th e free-hangin g sid e o f  th e book .  Not e 

tha t  a t  th e en d o f  part s A  an d C ,  bot h o f  Sarah' s hand s ar e graspin g th e boo k an d sh e use s bot h hand s t o 

settl e th e boo k i n place ,  eithe r  fac e u p a s i n par t  A  (t o tur n th e page )  o r  fac e d o w n a s i n par t  C  (t o continu e 

copying) ,  o n th e copie r  glass . 
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Tabl e 1 :  W h i c h han d w a s use d i n eac h o f  eigh t  function s i n th e pag e turnin g activit y ove r  th e session . 

At this level of analysis, Sarah uses the same hands in part C throughout the task. Her manipulation 

take s plac e i n th e sequence :  righ t  han d (lift) ,  lef t  han d (flip) ,  righ t  han d (assist) .  W e wil l  abbreviat e thi s a s 

" R L R " .  T h e fac t  tha t  w e d o no t  se e chang e i n thi s sequenc e a t  thi s leve l  o f  analysi s shoul d no t  b e interprete d 

as absolut e stabilit y  o f  thi s par t  o f  th e activity .  Althoug h Sara h use s th e s a m e hand s fo r  thes e function s i n 

th e s a m e sequence ,  ther e i s considerabl e adjustmen t  involved ,  fo r  instance ,  i n repositionin g he r  hand s an d 

th e boo k i n orde r  t o accomplis h smoot h grasps . 

Contras t  th e stabilit y  o f  par t  C  wit h th e relativ e instabilit y  o f  par t  A ,  whic h goe s fro m a  fairl y  stabl e 

R L R sequenc e t o L L R i n th e pag e turn s followin g page s 1 1 an d 15 .  Finally ,  notic e tha t  par t  B  begin s 
inconsistentl y i n th e first  thre e cycle s (th e lef t  par t  o f  Tabl e 1) ,  mov in g fro m L L t o R R t o L L ,  bu t  tha t  i n 

th e las t  five  cycle s (th e righ t  par t  o f  Tabl e 1 )  i t  ha s settle d d o w n int o a n R L pattern . 

O ur  task ,  then ,  i s t o explai n thre e contrastin g phenomena :  th e unsystemati c chang e i n par t  A ,  th e 

systemati c chang e towar d stabilit y  i n par t  B ,  an d th e lac k o f  chang e i n par t  C .  Le t  u s conside r  thes e on e a t 

a tim e an d the n attemp t  t o synthesiz e wha t  w e hav e learned . 

Par t  A ,  turnin g th e boo k fac e up ,  begin s afte r  th e copie r  ha s finished  copyin g a  give n odd-numbere d 

page .  A s w e hav e mentioned ,  Sara h ha s a n evolvin g relationshi p wit h th e thir d flash  o f  light ,  whic h mark s 

thi s point .  Ove r  a  fe w cycle s sh e learn s t o anticipat e thi s flash,  s o tha t  he r  hjuid s ar e o n th e boo k read y t o 

g o w h e n th e flash  arrives .  Later ,  though ,  th e dea d tim e durin g th e copier' s flashing  i s sometime s filled  b y 

othe r  activities .  Durin g th e flashes  fo r  page s 5 ,  7 ,  an d 9 ,  sh e walk s t o th e righ t  (of f  th e bot to m o f  th e vide o 
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image) ,  perhap s t o chec k th e copie s i n th e sid e outpu t  tray .  Durin g page s 1 1 an d 15 ,  perhap s satisfie d wit h 

th e stat e o f  th e outpu t  tray ,  sh e stand s wit h he r  lef t  han d restin g o n th e spin e o f  th e boo k durin g th e flashes. 

And durin g th e flashes  fo r  pag e 1 3 sh e appear s t o tak e a  m o m e n t  t o relax :  sh e step s bac k fro m th e copier , 

look s about ,  touche s th e copie s sittin g o n th e to p o f  th e copier ,  pull s he r  sleev e u p slightly ,  an d walk s bac k 

towar d th e copier ,  arrivin g a t  th e precis e m o m e nt  o f  th e thir d flash.  Th e variatio n i n thi s segmen t  o f  th e 

activit y i s a t  leas t  partiall y  systematic ,  i n he r  increasingl y accurat e anticipatio n o f  th e thir d flash,  bu t  i t  i s 

als o influence d b y a  variet y o f  othe r  matters ,  suc h a s he r  concern s (whateve r  the y migh t  hav e been )  abou t 

th e copie s i n th e outpu t  tray .  A s a  resul t  o f  thes e developments ,  he r  physica l  relationshi p t o th e copie r  a t 

th e beginnin g o f  par t  A  change s fro m cycl e t o cycle .  Th e chang e i s smal l  a t  first  bu t  the n grow s large r  a s 

more elaborat e activit y come s t o fill  th e dea d time .  Sh e pick s u p th e boo k a t  th e beginnin g o f  ste p A  wit h 

(approximatel y speaking )  whateve r  han d i s close r  t o it s righ t  edge .  Whic h han d i s closer ,  i n turn ,  depend s 

on he r  latera l  (i.e. ,  lef t  o r  right )  positio n i n fron t  o f  th e copier ,  whic h i n tur n depend s o n wha t  ha s bee n goin g 

on befor e t o aff'ec t  tha t  position .  Thus ,  i n Tabl e 1 ,  w e se e tha t  sh e start s ou t  usin g R L R han d sequence s 

t o tur n ove r  th e boo k bu t  tha t  thi s patter n break s dow n late r  on .  Th e alternatio n betwee n R L R an d L L R 

does no t  appea r  t o b e systematic ,  thoug h sh e migh t  hav e settle d int o a n approximatel y stabl e L L R patter n 

i f  th e documen t  ha d mor e pages . 

Th e evolutio n o f  par t  B  i s conditione d b y severa l  othe r  factors .  A s par t  B  begins ,  sh e ha s jus t  finished 

turnin g th e boo k fac e u p (par t  A ) .  I n particular ,  sh e ha s jus t  finished  layin g th e boo k down ,  s o tha t  i t  i s 

no w i n a  highl y standardize d relationshi p t o he r  bod y an d especiall y t o he r  hands .  He r  wa y o f  turnin g ove r 

th e pag e evolve s i n a  systemati c way .  A s sh e i s finishing  wit h par t  A ,  he r  righ t  han d i s locate d a t  th e to p 

righ t  corne r  o f  th e boo k an d he r  lef t  han d i s locate d alon g th e botto m edg e o f  th e lef t  hal f  o f  th e book .  He r 

tas k a t  thi s point ,  o f  course ,  i s t o flip  ove r  th e right-han d page .  O n th e first  suc h page ,  sh e begin s liftin g th e 

to p righ t  corne r  o f  th e pag e wit h he r  righ t  han d bu t  the n als o begin s liftin g th e botto m o f  th e pag e wit h he r 

lef t  hand .  Sh e the n finishes  turnin g th e pag e wit h he r  lef t  hand .  O n pag e 3 ,  sh e begin s b y movin g he r  righ t 

hand t o th e botto m righ t  han d corne r  o f  th e boo k an d he r  lef t  han d t o th e botto m o f  th e lef t  pag e o f  th e 

book ,  a s i f  smoothin g th e lef t  page .  Sh e turn s th e pag e usin g he r  righ t  hand ,  with  toke n guidanc e fro m he r 

lef t  hand .  O n pag e 5 ,  sh e move s he r  lef t  han d t o th e botto m o f  th e righ t  pag e an d turn s th e pag e entirel y 

wit h he r  lef t  hand .  Meanwhile ,  he r  righ t  han d remain s o n th e uppe r  righ t  han d corne r  o f  th e righ t  pag e an d 

appear s t o mak e a  vestigia l  attemp t  t o tur n u p th e corne r  jus t  befor e he r  lef t  han d turn s th e page .  O n pag e 
7 sh e settle s int o th e emergin g patter n o f  movin g bot h hand s t o th e botto m o f  th e righ t  han d page ,  liftin g 

th e pag e a t  th e lowe r  righ t  han d corne r  with  he r  righ t  han d an d the n turnin g i t  ove r  wit h he r  lef t  hand .  A s 
her  lef t  han d turn s th e page ,  he r  righ t  han d pause s fo r  0. 4 second s an d the n proceed s t o th e righ t  edg e o f 

th e boo k t o prepar e t o gras p i t  fo r  par t  C .  Pag e 9  i s ver y similai r  t o pag e 7 ,  whic h th e exceptio n tha t  he r 

righ t  han d doe s no t  paus e betwee n handin g of f  th e turned-u p pag e an d proceedin g t o th e righ t  edg e o f  th e 

book .  Al l  o f  th e remainin g pag e turn s loo k identica l  t o thi s one ,  thoug h i n som e o f  the m i t  take s he r  a n 

extr a moment  t o ge t  th e pag e turne d up ,  presumabl y du e t o page s stickin g together .  W h a t  w e se e her e i s a 

highl y logica l  evolutio n o f  he r  page-turnin g routine .  Eac h ste p change s incrementall y fro m th e previou s on e 

unti l  th e routin e settle s int o a  patter n tha t  i s  stabl e s o fa r  a s th e representatio n i n Tabl e 1  i s concerned .  I t  i s 

wort h notin g tha t  non e o f  th e previou s task s i n th e experimen t  ha d calle d fo r  he r  t o tur n page s i n a  boun d 

book .  Sh e ha s presumabl y turne d m a n y page s i n book s before ,  bu t  th e particula r  wa y sh e ha s evolve d t o 

turn s page s her e appear s well-adapte d t o severa l  aspect s o f  th e physica l  setting :  he r  standin g posture ,  th e 

heigh t  o f  th e machine ,  th e latera l  placemen t  o f  th e boo k relativ e t o he r  body ,  th e mechanica l  propertie s o f 

th e Cerlo x binding ,  an d th e affordanc e offere d b y th e righ t  edg e o f  th e boo k t o th e graspin g operatio n whic h 

wil l  commenc e par t  C . 

I n par t  C ,  Sara h use s th e sam e hand s fo r  th e sam e function s o n ever y page .  Part s A  an d C  involv e highl y 

analogou s task s o f  flipping  ove r  th e book ,  ye t  par t  A  change s an d par t  C  doe s not .  Th e reaso n fo r  thi s 

discrepanc y i s plai n i n lookin g a t  th e tap e an d fro m th e analysi s above .  Wherea s th e relationshi p o f  Sarah' s 
bod y t o th e settin g change s befor e par t  A  du e t o differen t  activit y durin g th e flashes,  th e proces s o f  flipping 

th e boo k ove r  (par t  B )  reposition s th e boo k wit h respec t  t o he r  body .  Th e processe s o f  flipping  th e boo k 

over  an d turnin g th e pag e hav e lef t  her ,  again ,  i n a  highl y standardize d physica l  relationshi p t o th e book . 

Tabl e 1  doe s no t  registe r  th e singl e exception ,  whic h occur s o n pag e 13 ,  whe n th e flipping-over  operatio n 
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i n par t  A  ha s lef t  th e boo k lyin g entirel y o n th e copie r  glass ,  s o tha t  it s righ t  edg e doe s no t  readil y affor d 

grasping .  I n thi s case ,  sh e quickl y pushe s th e boo k t o th e righ t  wit h he r  lef t  han d befor e grabbin g i t  wit h 

her  righ t  an d proceedin g wit h th e regula r  R L R pattern . 

Befor e drawin g conclusion s abou t  th e evolutio n o f  routin e activity ,  le t  u s gathe r  som e observations .  Par t 

A o f  th e activit y differe d fro m part s B  an d C  i n tha t  it s  initia l  condition s wer e subjec t  t o variatio n a s a 

side-effec t  o f  previou s activit y (waitin g o n th e copier) .  Part s B  an d C  enjoye d ver y stabl e initia l  condition s 

du e t o th e reguleiritie s i n outcom e o f  th e previou s operation s (namel y thos e o f  part s A  an d B ,  respectively) . 

Paur t  B  differe d fro m p w t  C  i n tha t  i t  underwen t  a  steady ,  incrementa l  proces s o f  evolution .  Par t  C ,  b y 

contrast ,  di d no t  evolve .  Bu t  a s par t  B  evolved ,  th e "joint "  betwee n part s B  an d C  evolve d a s well ,  a s 

Sarah' s han d bega n headin g towar d th e righ t  edg e o f  th e boo k immediatel y afte r  handin g th e pag e of f  t o he r 

lef t  hand .  I n general ,  th e variou s part s o f  th e evolvin g activit y sta y knitte d togethe r  despit e thei r  variou s 

wanderings . 

We hav e spoke n o f  activit y i n term s o f  a  dialectica l  relationshi p betwee n a  person-in-activit y an d th e 

setting .  Le t  u s n o w substantiat e thi s characterizatio n i n th e presen t  cas e i n term s o f  th e thre e aspect s o f  a 

dialectica l  relationshi p tha t  w e liste d before .  Sara h an d th e copie r  plainl y interac t  wit h on e another :  Sarah' s 

action s ar e contingen t  i n fine  detai l  o n th e physica l  situation ,  upo n whic h Sara h act s i n turn .  Moreover , 

Sara h an d th e copie r  exer t  a  mutua l  influenc e o n on e another ,  a s evidence d i n th e copier' s evolvin g physica l 

stat e an d Sairah' s evolvin g skill .  A n d a s thi s mutua l  influenc e proceeds ,  i t  become s impossibl e t o characteriz e 

eithe r  th e copier' s stat e o r  Sarah' s skil l  excep t  i n term s o f  thei r  reciproca l  relationship .  A s par t  o f  thi s proces s 

Sairah' s action s exhibi t  a  growin g fluency  an d a  continuall y increasin g adaptatio n t o th e specifi c  detail s o f 

th e setting . 

T h e condition s fo r  stabilit y  o f  Sarah' s activit y ar e naturall y analyze d i n term s o f  thi s interaction .  Part s B 

an d C  o f  thi s activity ,  unlik e par t  A ,  coul d stabiliz e becaus e thei r  initia l  condition s wer e stable .  O n e possibl e 

explanatio n o f  w h y par t  B  evolve d wherea s par t  C  di d no t  i s tha t  par t  C ,  unlik e peir t  B ,  correspond s t o a 

tas k tha t  sh e ha s ha d t o perfor m throughou t  th e copyin g session ,  s o tha t  i t  i s  likel y t o hav e becom e mor e 

highl y evolved .  O n th e othe r  hand ,  th e differenc e m a y simpl y reflec t  th e analyti c filtering  impose d b y th e 

representatio n i n Tabl e 1 .  I n an y event ,  th e stabilit y  w e observ e i s th e stabilit y  o f  th e person/settin g dyad ; 

change s ar e change s i n thi s dyad .  Eve n change s t o Sarah' s skill ,  whic h migh t  b e construe d a s menta l  changes , 

canno t  readil y b e define d except  i n term s o f  th e shiftin g pattern s o f  interactio n i n whic h the y participate . 

T h e subject' s action s exhibi t  a n increasin g fluency  an d coherence ,  bu t  thes e ar e emergen t  propertie s o f  a 

mor e comple x proces s whos e logi c i s th e logi c o f  photocopying . 

4 Concluding Remarks 

Practice is for us not a single "effect," or ten effects, but the concrete unfolding of a given activity in accord 

wit h it s o w n logic .  Suc h a  vie w carrie s wit h i t  a  sever e methodologica l  challenge :  t o find a  wa y o f  studyin g 

h u m am activit y tha t  bot h treat s episode s o f  activit y a s singula r  event s an d facilitate s th e constructio n 

of  account s tha t  hav e broa d application .  Th e microgeneti c metho d i s substantiall y  mor e usefu l  tha n th e 

chronometri c metho d fo r  thes e purpose s becaus e i t  make s th e qualitativ e organizatio n o f  th e learnin g proces s 

m u ch mor e evident . 

T h e microgeneti c metho d thu s enable s u s t o overcom e th e thre e limitation s o f  mentalisti c account s tha t 

we discusse d a t  th e outset .  First ,  th e detaile d twist s an d turn s o f  practic e curve s whic h ar e ofte n treate d a s 

deviation s fro m a  genera l  tren d are ,  fo r  us ,  th e principa l  phenomena .  Th e genera l  tren d tha t  show s u p a s th e 

smoot h curv e on e obtain s b y averagin g m a n y individua l  performanc e i s jus t  that ,  a  genera l  trend ,  an d no t 

a reflectio n o f  a  singl e underlyin g factor .  Second ,  ou r  analysi s require s unpackin g th e detaile d organizatio n 

of  th e activit y an d th e logi c o f  it s  change .  I t  thu s call s fo r  a n analysi s o f  th e positiv e structur e o f  th e 

domain .  Indeed ,  th e notio n o f  a  domai n o f  activit y require s furthe r  analysi s i n term s o f  it s  broade r  socia l 

structuration ,  a s suggeste d b y Lav e (1988 )  an d th e activit y theorist s (Davydo v &  Radzikhovskii ,  1985) .  An d 

third ,  i n contras t  t o theorie s tha t  locat e skil l  an d it s acquisitio n i n menta l  processes ,  w e woul d locat e activit y 

an d it s evolutio n i n th e dialectica l  relationshi p betwee n persons-in-activit y an d settings .  Ou r  dat a provid e 
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clea r  motivatio n fo r  suc h a  view .  W e hav e no t  simpl y adde d a  settin g t o th e mind ;  w e hav e enriche d th e 

analysi s o f  eac h b y takin g accoun t  o f  it s reciproca l  involvemen t  wit h th e other . 

Thi s alternativ e understandin g o f  skil l  acquisitio n make s les s natura l  th e reificatio n o f  particula r  aggregat e 

propertie s o f  th e activit y suc h a s "speed "  an d "performance "  o r  objectiv e globa l  principle s suc h a s a  la w 

of  min imu m effort .  Bu t  the n a n importan t  ne w questio n arises .  Thes e reifie d concept s ha d functione d t o 

provid e a n accoun t  o f  th e macroscopic  coherenc e o f  th e developmen t  o f  skills .  Give n tha t  th e subject' s 

activit y coul d hav e evolve d alon g man y possibl e paths ,  wh y doe s i t  evolv e i n th e wa y i t  does ? I n othe r 

words ,  wha t  kin d o f  organizin g principl e doe s giv e skil l  acquisitio n it s overal l  coherence ? Routin e evolutio n 

i s th e unfoldin g o f  th e logi c o f  a  particula r  activity ,  bu t  thi s logi c itsel f  i s  mediate d b y cultura l  construction s 

of  th e activit y an d o f  th e consideration s tha t  migh t  bea r  o n i t  (piece-wor k versu s hourl y wages ,  precision , 

comfort ,  safety ,  aesthetics ,  relationship s wit h othe r  people ,  an d s o forth) .  A  theor y o f  practic e effect s wil l 

ultimatel y entai l  a n understandin g o f  th e cultura l  meaning s o f  practic e an d o f  skill . 
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