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C o m b i n i n g Analyse s o f  Cognitiv e Processes ,  Mean ings ,  a n d Socia l 

Participation: Understanding Symbolic Representations 

James G. Greeno and Randi A. Engle 

School of Education, Stanford University, Stanford, CA 94305-3096 

greenoScsli.stanford.edu ,  randi@csli.Stanford.ed u 

Abstrac t 

We propos e thre e analyti c representation s o f  collaborativ e prob -
le m solving .  Activit y  nests ,  a  generalizatio n o f  goal-subgoa l  trees , 
represen t  functiona l  decomposition s o f  tas k activit y int o com -
ponents ,  usin g nestin g t o indicat e operation s tha t  satisf y tas k 
functions .  Semioti c networks ,  a n extensio n o f  semanti c networks , 
represen t  meaning s a s refers-t o relation s betwee n symboli c ex -
pression s an d othe r  signifiers ,  an d relation s i n situation s an d 
situatio n types ,  alon g wit h genera l  relation s betwee n thes e mean -
ings .  Contributio n Vagrants ,  a n adaptatio n o f  contributio n tree s 
(Clar k &  Schaefer ,  1989) ,  represen t  ho w tur n sequence s collec -
tivel y achiev e tas k components .  W e develope d thes e represen -
tation s t o analyz e ho w pair s o f  middle-schoo l  student s con -
structe d table s t o represen t  quantitativ e propertie s o f  a  simpl e 
physica l  devic e tha t  model s linea r  functions .  Variation s betwee n 
activit y nest s  o f  dififeren t  pair s suppor t  a n explanatio n o f  activ -
it y i n term s o f  attimemen t  t o constraint s an d t o affordance s an d 
abilities ,  rathe r  tha n followin g procedures .  Th e semioti c net -
work s suppor t  a  hypothesi s tha t  tas k component s  ar e complete d 
throug h accomplishin g alignment s  o f  refers-t o relations.whic h 
i s a  generalizatio n o f  goa l  satisfaction .  Similaritie s betwee n th e 
contributio n diagram s suppor t  a  genera l  patter n tha t  w e cal l  th e 
tur n structur e o f  collaborativ e operations ,  i n whic h tas k infor -
matio n i s recognize d an d tas k operation s ar e initiated ,  performed , 
and accepted .  Interactio n i s organize d int o thi s structur e i n or -
der  t o suppor t  mutuall y aligne d intentions ,  understandings ,  ac -
tions ,  an d agreements . 

Introduction 

We hop e tha t  thi s pape r  contribute s t o tw o growin g bodie s o f 
researc h an d conceptualization .  O n e o f  thes e i s th e effor t  t o 
combin e analyse s o f  cognitiv e processe s an d socia l  participa -
tio n t o understan d reasonin g an d conceptua l  understanding . 
The othe r  i s th e stud y o f  h o w peopl e construc t  an d interpre t 
symboli c representation s lik e diagrams ,  graphs ,  equation s an d 
(i n th e cas e o f  thi s paper )  tables .  Alon g wit h curren t  investi -
gator s suc h a s Hutchin s (i n press )  an d Lav e (1988) ,  an d fol -
lowin g theorist s suc h a s Bartlett ,  Dewey ,  Gibson ,  an d Mead , 
we conside r  cognitiv e processe s suc h a s reasoning ,  understand -
ing ,  an d representin g t o b e accomplishe d b y system s tha t  in -
clud e human s interactin g wit h eac h othe r  an d wit h availabl e 
materia l  resources ,  rathe r  tha n a s processe s tha t  onl y occu r 
insid e individua l  huma n minds .  Althoug h w e d o no t  conside r 
symboli c representation s a s a  ubiquitou s substrat e fo r  cogni -
tion ,  w e conside r  constructin g an d interpretin g symboli c rep -
resentation s a s a  distinctiv e aspec t  o f  huma n social/cognitiv e 
activit y tha t  i s  importan t  t o stud y an d analyze ,  a s d o othe r 
investigator s suc h a s Hutchin s (1995 )  an d Ochs,Jacoby ,  an d 
Gonzale s (1994) . 

T a s k a n d Part ic ipant s 

We studie d pair s o f  seventh -  an d eighth-grad e student s w h o 
wer e aske d t o construc t  table s t o represen t  th e quantitativ e 
propertie s o f  a  simpl e physica l  apparatus ,  th e winc h (show n 
i n Figur e 1) .  Eac h o f  it s tw o track s hel d a  bloc k tha t  wa s pulle d 
alon g whe n th e handl e turned ,  windin g a  strin g aroun d it s spool . 
Spool  size s varied ,  determinin g distance s pe r  tur n o f  3, 4 o r  6 
inches .  A  conventiona l  yar d stic k wa s fastene d nex t  t o eac h 
trac k allowin g th e student s t o determin e th e positio n o f  eac h 
bloc k afte r  variou s number s o f  turns . 
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Figur e 1 .  Winc h apparatus . 

We analyze students' work on the following item presented 
i n a  workbook : 

"Imagin e tha t  yo u ha d a  3-spoo l  o n on e trac k an d a  4-spoo l  o n 
th e othe r  trac k wit h bot h o f  th e block s startin g a t  0 .  Mak e a 
tabl e tha t  show s wher e th e block s woul d b e afte r  0,1,2,3,4,5 , 
and 6  turns .  Us e th e devic e i f  yo u wan t  to. " 

Thi s wa s th e thir d ite m tha t  th e student s worke d o n i n th e 
experimen t  I n th e tw o previou s item s the y ha d bee n aske d t o 
writ e wha t  the y though t  woul d happe n whe n the y turne d th e 
handl e wit h th e winc h se t  u p i n differen t  ways ,  the n t o tur n 
th e handle ,  an d the n t o writ e wha t  di d happe n an d whethe r  i t 
was wha t  the y predicted . 

We hav e use d thi s school-lik e tas k i n thes e analyse s be -
caus e i t  i s simpl e an d wel l  defined .  Lik e cryptarithmetic ,  ge -
ometr y proo f  exercises ,  an d othe r  task s commonl y use d fo r 
cognitiv e analyses ,  th e tas k o f  constructin g a  rows-by-column s 
tabl e ha s a  simpl e structur e tha t  wa s followe d b y mos t  o f  ou r 
participantŝ .  Becaus e th e tas k mainl y involve s constructin g 
symboli c representations ,  i t  afford s analysi s o f  thei r  seman -
tics .  Th e participants '  activ e conversation s a s the y worke d o n 
solvin g th e workboo k item s provid e usefu l  informatio n abou t 
pattern s o f  socia l  participatio n i n cognitiv e activity . 

Analyses and Findings 

For  thi s task ,  th e syste m w e analyz e include s th e winc h whos e 
regularitie s ar e bein g represented ,  th e workboo k instruction s 
whic h as k student s t o construc t  a  table ,  spac e 

'Two of the six pairs constructed unconventional representations 
fo r  thi s item ,  bu t  presentatio n o f  thes e importan t  exception s require s 
a longe r  p^ser . 

591 

http://stanford.edu
mailto:randi@csli.Stanford.edu


lef t  i n th e workboo k t o d o jus t  that ,  an d th e student s w h o ar e 
participating .  Als o i n th e syste m ar e ke y attunement s t o socia l 
practice s lik e h o w t o dra w table s an d represen t  quantitie s i n 
them ,  h o w t o us e arithmeti c operation s t o m a k e inference s 
abou t  numerica l  values ,  an d way s o f  demarcatin g academi c 
task s t o facilitat e skille d performance . 

O ur  theoretica l  goa l  i s  t o arriv e a t  hypothese s abou t  wha t 
th e participant s k n e w i n orde r  t o ac t  th e w a y the y di d i n ac -
compUshin g th e task .  W e conside r  knowin g a s bein g auune d 
t o constraint s (Barwis e &  Perry ,  1983 )  an d t o affordances  an d 
abilitie s (Gibson ,  1979 )  involve d i n activity .  W e us e th e con -
cep t  o f  schemata ,  i n Bartlett' s  (1932 )  sense ,  a s a  theoretica l 
construc t  tha t  describe s way s i n whic h activit y i s organized . 
A schema ,  i n thi s view ,  i s attunemen t  t o a  collectio n o f  inter -
relate d constraint s an d affordance/abilities . 

We hav e constructe d thre e analytica l  representations-activ -
it y nests ,  semioti c networks ,  an d contributio n trees-tha t  al -
lo w u s t o analyz e students '  activit y t o includ e bot h tradition -
all y "cognitive "  an d "social "  aspects .  W e discus s eac h repre -
sentatio n i n turn ,  focussin g o n th e performanc e o f  tw o pair s 
of  participants .  Thes e tw o pairs ,  whos e aliase s ar e Juli e an d 
Paula ,  an d Bra d an d Geoff ,  constructe d th e table s i n standar d 
for m s h o w n i n Figur e 2 . 
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Figur e 2 .  Table s b y Juli e an d Paul a (above ) 
and b y Bra d an d Geof f  (below ) 

Activity Nests and Hypotheses about Attunements 

t o Task-Conten t  S c h e m a t a 

Based on the videotaped records of the participants' perfor-
mance an d thei r  transcriptions ,  w e constructe d representations 
of  ou r  hypothese s abou t  ho w eac h pai r  structure d thi s task , 
resultin g i n th e activit y nest s show n i n Figur e 3 . 

J3.1 .  Und«r«tan(in g d««tgn«t* d winc h 
condnon t 

J 3 ^  Undarstandin g an d commran g t o goa l 
of  mikin g tl w tcU * 

J2.1 .  n u d i n g a n d 
undtnundin g 
innnjclion i  an d 
comrnnn g to  tal k goa l 

[j3.3 .  Sattn g u p m n c h oonditio m m th a ntuitio n | 

J34 .  R«fx«Mnlin g trick s wit h cdun n latMl i 
J3. & Oawr^ g lin« « lo r  c d u m m 
J16 .  Rip(«Mnbn g tî n *  vaiabJ i  wit h cdum n l i M 
JX7 .  Dtiwn g bm i  f a row i 
JXt .  Ripftimbn g numtur t  a l  luin i  wit i  ro w libil i 

M 3 .  S i n n g 
uptabl i 

J2.3 .  Rlpraaanlin g itartin g bloc k powtion i 

J 3 t .  Fo r  Iti *  4-ipoo l  bkick .  datarmnin g thi t  diMano a 
par  bi m an d poiitio n ifla r  1  tur n i l  4 
J3.10 .  Raprasantin g poalio n o f  4-lpoo l  bloc k atla r  1  tur n 
J3.1 1 Fo r  Iha3-ipoolbk>ck .  datarmnin g tl)aldillanc » 
par  ti m an d poirtiof i  ifta r  1  tur n i i  3 
J3.12 .  RaprMamin g ponDo n o f  3-ipoo l  bkx k atta r  1  tur n 

J2A .  Datarmnin g 
diitanca a pa r  tur n 
and rapraaantin g 
bkx k poaiton a 
aftar l  tur n 

J3.13 .  In l  an d ra p po i  o f  4-ipoo l  bloc k afta r  2  turn s 
J3.14 .  In f  an d ra p po a o f  3-apoo l  bkx > afta r  2  U m i 

J2.6 ,  Infarnnoan d 
rapriaantin g bloc k 
ponDon s afta r  2  tum t 

J.I.MAing a 
tabi a o f  bloc k poartio n 
3-ipoo l 

spoo l  an d 
4-spool .  bot h 
star t  a t  0 ; 
0,  1 .  6  turns . 

J3.1S .  In f  an d ra p po a o f  4-apoo l  bk>c k afta r  3  turn s 
J3.16 .  In f  an d ra p po a o f  3-apoo l  bkic k atta r  3  turn s 

ingan d 
raprasantin g b k x * 
poston s afta r  3  tunn s 

J3.17 .  In f  an d ra p po a o f  4-apoo t  bloc k atta r  4  turn s 
J3.1S .  In f  an d ra p po a o f  3-spoo l  bloc k afta r  4  tjm s 

J2.7 .  Infarnnoan d 
rapraaantin g Dlod t 
ponton s afta r  4  him s 

J3.1© .  In l  art d r» p po« .  o l  3-«poo l  bloc k attt r  5  tjm « 
J3.20 .  In l  an d re p po s o t  3-spoo l  bloc k afte r  6  Lim a 
J3.21 .  In f  an d ra p po a o f  4-spoo l  bkxr k afla r  S  turn s 
J3.22 .  In f  an d ra p po a o f  4-apoo l  bkx k atta r  6  turn s 

J2.6 .  Infarrin g an d 
rapraaantingbkK k 
powBona atta r  5  lum a 
and atta r  6  turn s 

J2.« .  Confirmin g accurac y 
of  th a rapraaantatio n 

[B3. 1 •  Undarstandin g dasignata d winc h condition> |  ̂ ^  ̂  Readin g an d 

B3.2 .  Racogmzin g tha t  spool-siz e condition s 
ar e tru e i n tn a situatio n B3.3 .  Undafftandin g an d commnin g t o goa l 
of  n'ukjn g th e tabi a 

understancin g 
ins^uctton a an d 
committin g t o tas k gos i 

|B3.4 .  Settin g tj p winc h conditior w i n th e tituation j 

B2J.SettnguptaUe s 

B2.3 .  Raprasen«n g itartn g boc k poaidon s 

83.11 .  Movin g Uock s b y turnin g handl e onc e 
83.12 .  Representin g positio n o f  3-spoo l  Hoc k afte r  1  tur n 
83.13 .  Representin g posJUo n o t  4-spoo l  bloc k afte r  1  tur n 

82.4 .  Determnin g 
and representn g 
Uock posttton s 
afte r  1  tur n 

83.14 .  Movin g block s b y turnin g handl e or>c e 
83.16 .  Representin g positio n ofS-spoo l  bloc k afte r  2  tirn a 
B3.16 .  Representin g positio n o f  4-spoo l  btoc k  ̂ m r  2  ttjrns 
83.17 .  Recognizin g tna i  distance *  pe r  tur n ar e 3  an d 4 
83.11 .  Interpretin g n>«anin g o f  lymbol i  o n spool s a i 

distanc e pe r  tur n 

8 2 J .  Determnin g 
and representn g 
bloc k posjtion s 
afte r  2  lum s 

B.I .  Makin g a 
tabl e o f  Uod t 
posjtion s 
3-spoo l  an d 
4-spool .  bot h 
star t  a l  0 . 
0,1 .  6  turn s B3.1» .  Movin g block s b y turnin o handl e onc e 

83.20 .  Representin g positio n 0(3-spoo l  bloc k afte r  3  turn s 
83.21 .  Representin g positio n ol4-spoo t  Woc k afte r  3  turr w 
83.22 .  Confirmin q consistenc y o f  position s wit h patter n 

82.6 .  Determnin g 
and representn g 
blod i  positon s 
afla r  3  turn s B3.23 .  Movin g block s b y turnin g handl e onc e 

B3.24 .  Confirmr^ g cDr̂ sisterv: ^  ̂ *  powOor w wit h patter n 
B3.26 .  Representin g ponto n o l  3-spoo l  boc k afte r  4  turn s 
B3.26 .  Representin g positio n o f  4-spoo l  bloc k afte r  4  turn s 

B2.7 .  Deterrrinin g 
and representn g 
bloc k posjtton s 
atta r  4  tjrn s 83.27 ,  Movin g block s b y tinnin g handl e or>c e 

B3.2B .  Infeain g bloc k position s afte r  5  turn s 
83.29 .  Repr»«sniin g positio n o f  3-spoo l  Hoc k ahe r  5  ttjrne 
B3.30 .  R»pras»niin g positto n o f  4-spoo l  Hoc k atl w 5  turn s 

82.t .  Determnin g 
and representn g 
bloc k Dositon s 
ah»r  5  turn s 83.31 .  Infemn g Hoc k position s afte r  6iL#n a 

83.32 .  Representin g po&ibo n o f  4-spoo l  Hoc k afte r  6  turn s 
B3.33 .  Movin g H o c M b y tLrnin g handl e onc e 
B3.34 .  Representin g posito n o f  3-spoo l  Hoc k afte r  6  turn s 

82.9 .  Determnin g 
and representn g 
bloci(j30Siton s 
afte r  6  turn s 

Figur e 3 .  Activit y nest s fo r  Juli e an d Paul a (above ) 
and Bra d an d Geof f  (below ) 
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I n thes e diagrams ,  functiona l  relation s ar e show n usin g con -
tainment .  Eac h rectangl e label s a  functio n whic h ca n b e 
achieve d b y performin g th e operation s containe d i n th e rect -
angl e withi n it .  Fo r  example ,  i f  th e fou r  operation s labele d 
J3. 9 -  J3.1 2 ar e performed ,  th e functio n labele d J2. 4 i s 
achieved .  I n term s o f  constraints ,  i n a  situatio n wher e th e con -
taine d operation s ar e performed ,  th e containin g functio n i s 
satisfied .  W e hypothesiz e tha t  participant s wer e attune d t o thos e 
constraint s o f  function-satisfactio n tha t  correspon d t o th e con -
tainmen t  relation s o f  thei r  activit y  nests .  However ,  unlik e stan -
dar d goal-subgoa l  decomposition s w e d o no t  assum e tha t  par -
ticipant s necessaril y  se t  explici t  goal s unles s ther e i s evidenc e 
of  thi s i n th e data . 

Base d o n th e structur e o f  th e activit y nests ,  w e hypothesiz e 
tha t  th e students *  tas k activit y wa s organize d partl y b y thei r 
attunemen t  t o a  practic e o f  completin g school  assignments , 
whic h include s readin g instructions ,  understandin g th e kin d 
of  informatio n tha t  i s t o b e represented ,  obtainin g tha t  infor -
mation ,  an d constructin g a  representatio n o f  i t  i n a  conven -
tiona l  form .  I n addition ,  t o understan d th e instructions ,  the y 
had becom e attune d t o constraint s an d affordance/abilitie s o f 
operatin g th e winche s s o the y coul d interpre t  reference s t o 
spoo l  sizes ,  startin g positions ,  an d number s o f  turns .  The y als o 
wer e attune d t o constraint s an d affordance/abilitie s o f  th e rep -
resentationa l  for m o f  tables . 

Our  accoun t  o f  activit y  i n term s o f  attunement s t o constraint s 
and affordance/abilities ,  rathe r  tha n procedures ,  i s  supporte d 
by th e activit y nests ,  whic h sho w difference s betwee n pair s o f 
students .  O n e kin d o f  differenc e wa s i n th e orderin g o f  com -
ponents ;  mos t  pair s worke d ro w b y row ,  a s di d Juli e an d Paul a 
and Bra d an d Geoff ;  anothe r  pai r  complete d th e tabl e colum n 
by column .  I n thi s example ,  th e pair s differe d i n th e way s the y 
obtaine d th e informatio n the y neede d abou t  position s o f  th e 
blocks .  Juli e an d Paul a bega n b y determinin g th e distance s 
per  tur n o f  th e tw o spool s b y measurin g thei r  circumferences , 
and the n inferre d th e position s o f  th e block s throughout ,  ap -
parentl y usin g arithmeti c addition .  Bra d an d Geoff ,  o n th e othe r 
hand ,  bega n b y turnin g th e handle s t o determin e th e bloc k 
position s empirically ,  the n include d arithmeti c inferenc e alon g 
wit h empirica l  observatio n whe n the y recognize d th e patter n 
of  constan t  numerica l  additions .  Althoug h procedura l  descrip -
tion s o f  thes e performance s coul d b e constructed ,  th e variet y 
of  specifi c  procedure s neede d woul d b e ver y large .  Therefore , 
i t  i s mor e plausibl e t o hypothesiz e tha t  al l  th e student s wer e 
attune d t o th e genera l  requiremen t  o f  determinin g th e bloc k 
position s o f  a  typ e o f  even t  i n whic h th e handle s wer e turne d 
wit h th e specifie d spoo l  size s an d startin g positions ,  an d wer e 
differentiall y  attune d t o th e consu-ain t  o f  equa l  addition s o f 
th e positions ,  an d t o th e affordance s o f  determinin g distance s 
per  tur n b y measuremen t  an d o f  performin g handl e turn s t o 
determin e bloc k positions . 

Semiotic Networks and Hypotheses About 

A t t u n e m e n t s t o Representationa l  S c h e m a t a 

Semioti c network s ar e a n extensio n o f  semanti c networks .  The y 
represen t  h o w participant s consUuc t  an d us e symbolic ,  indexi -
cal ,  an d iconi c signifier s (followin g Peirce )  t o refe r  t o state s 
of  affair s o f  situation s an d t o propertie s an d relation s o f  situa -
tio n types .  Lik e semanti c networks ,  ou r  semioti c network s als o 
includ e relation s betwee n meanings . 

A simpl e exampl e o f  a  semioti c networ k i s show n i n Figur e 
4.  Th e notatio n i s adapte d fro m sittiatio n theor y (Devlin ,  1991) . 
Eac h expressio n betwee n doubl e angl e Ixacket s  i s a n infon ,  a 
basi c uni t  o f  information .  A n info n include s th e n a m e o f  a 
propert y o r  a  relation ,  followe d b y symbol s tha t  indicat e argu -
ments .  Nonitalicize d argument s indicat e specifi c  entitie s i n 
th e situation ;  italicize d argument s ar e parameters .  State s o f 
affair s involvin g signifier s ar e i n ellipses .  Infon s thos e 
signifier s refe r  t o ar e i n rectangles .  Th e line s betwee n ellipse s 
and rectangle s indicat e refers-t o relations . 

•csymbol .  "bot h 
Blarttn g a t 

h bIcKk a **** v 
',  inatructto n taxt»» ^ 

C<-caymbol .  "O '  lablo/̂ ^S . 
column=ne d Bk>ck ,  j 
row=0 > ^ ^ ^ <«»ymbol ,  "O ' 

column=Blu a 
row=:0> > 

r T i I b i ? ^ 
BlocK .  ^ 

r l 
«1urnin(^ar»dlB ,  rf  *• » 
<<Btart-l(mo ,  rf,  T O » 

)<<poBitlon ,  bluo-block .  0 ,  7 0 » 4 — 
«poa(tlon .  red-block ,  0 ,  / O »  | — 
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Figur e 4 .  Refers-t o relation s consttiicte d o r  use d b y Juli e 
an d Paul a i n Turn s 35-38 . 

Figure 4 represents meanings of signifiers concerned with 
th e startin g position s o f  th e blocks .  Th e referen t  infon s i n Fig -
ur e 4  includ e state s o f  affair s tha t  hel d i n th e specifi c  situa -
tion ,  ao ,  a s wel l  a s propertie s o f  situatio n types ,  1 0 an d I I . 
Th e instructio n tex t  include d th e phrase ,  "bot h block s startin g 
at  zero. "  Juli e an d Paul a adjuste d th e position s o f  th e block s 
t o agre e wit h tha t  description ,  s o tha t  th e position s tha t  "zero " 
referre d t o wer e indicate d b y th e end s o f  th e ruler s besid e th e 
U^cks .  Figur e 4  show s tha t  thi s printe d phras e an d th e end s o f 
th e ruler s wer e interprete d a s referring  t o state s o f  affair s i n 
a o ,  th e position s o f  th e block s a t  th e tim e o f  Juli e an d Paula' s 
interaction ,  th e tim e calle d "ta. "  Th e token s o f  " 0 "  tha t  Juli e 
and Paul a wrot e i n th e to p ro w o f  thei r  tabl e als o referre d t o 
thes e sam e state s o f  affairs . 

Th e student s interprete d thei r  table s a s referrin g t o proper -
tie s o f  th e genera l  typ e o f  situatio n i n whic h th e handl e wa s 
turne d wit h th e specifie d conditions .  Th e situatio n typ e I I 
has a n even t  o f  turnin g th e handle ,  wit h startin g position s o f 
zero ,  an d th e symbol s wer e interprete d a s referrin g t o th e typ e 
infon s o f  thos e startin g positions .  W e includ e 1 0 fo r  complete -
ness .  Affordance s ar e relation s betwee n situatio n types ,  s o th e 
actua l  situation ,  ao ,  wa s relate d t o th e situatio n type ,  I I ,  b y 
an affordanc e betwee n 10 ,  th e typ e o f  ao ,  an d I I . 

F ro m creatin g thes e semioti c networks ,  an d seein g th e cor -
respondenc e o f  referent s o f  th e variou s signifiers ,  w e hypoth -
esiz e tha t  semioti c alignmen t  play s a  crucia l  rol e i n reasoning , 
especiall y i n th e consuiictio n o f  symboli c representations .  I n 
thi s exampl e th e alignment ,  whic h include d a  phras e i n th e 
instructions ,  indice s i n th e situation ,  an d symbol s tha t  th e 
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student s constructed ,  provide d th e basi s fo r  thei r  symbol s be -
in g correc t  i n th e interpretatio n tha t  w e an d the y adopted .  Th e 
othe r  numerica l  symbol s provide d mor e comple x examples . 
For  som e participants ,  includin g Juli e an d Paula,  th e situatio n 
when the y wrot e numerica l  symbol s di d no t  includ e turnin g 
th e handle .  W e hypothesiz e tha t  th e situatio n typ e I I  wa s rep -
resente d b y th e student s wit h menta l  simulation s tha t  provide d 
some o f  th e neede d information ,  suc h a s th e directio n an d con -
tinuit y o f  motion .  Th e symbol s referre d bot h t o th e quantita -
tiv e position s o f  block s an d t o number s withi n th e arithmeti c 
syste m tha t  include s th e operation s o f  additio n an d multipli -
cation .  Aspect s o f  th e situatio n type ,  I I ,  wer e als o represente d 
iconically .  Fo r  example ,  th e tempora l  orderin g o f  turn s i n th e 
situatio n i s represente d i n th e tabl e b y th e spatia l  orderin g o f 
row s fro m th e to p t o th e bottom .  Furthe r  analysi s woul d in -
clud e relation s betwee n th e meaning s o f  thes e symbols ,  suc h 
as tha t  th e severa l  turn s ar e part s o f  th e even t  o f  turnin g th e 
handl e si x times ,  an d tha t  eac h positio n i s a  displacemen t  fro m 
th e previou s positio n o f  th e sam e block . 

Contribution Diagrams and Hypotheses About 

A t t u n e m e n t s t o Interactiona l  S c h e m a t a 

Figur e 5  show s a n exampl e o f  a  contributio n diagram ,  alon g 
wit h th e transcriptio n o f  Juli e an d Paula' s activit y durin g th e 
same fou r  interactiona l  turns . 

Mis . Patij a 

J2J 
35 .  Startin g a t  zct o 

37 .  Yeah ,  s o thi s woul d b e zer o 
[wrot e " 0 "  i n fir  S t  ro w o f  bot h 
columrvi ] 

36 .  O k ,  started ,  they'r e bot h a t 
zero ,  i s  tha t  wha t  they'r e 
saying ? 

38 .  O k ,  zer o 

J2J 

Jul K PMi k Mil 

35 
inlialt-opantio n 

36 »gm»-wth-rtmntiorvp»rform-op»niion(inl ) 

37-
agr9«-wih-ink>malk>npaiiannoperaiion(mat ) 

X tgne-wth-ofMmlion-miu k 

J2. 3 

Mil 

F igur e 5 .  Juli e a n d Paula ,  T u r n s 35 -38 ,  dialogu e a n d 

contributions . 

The transcription and contribution diagram are cross-refer-
e n c e d wit h tha t  pair' s  activit y nest .  I n th e transcription ,  bol d 
s y m b o l s indicat e th e beginn ing s a n d end s o f  activitie s tha t 
accomplishe d th e designate d tas k components .  A  symbo l  o n 
th e lef t  mark s th e beginning ,  an d a  symbo l  o n th e right  mark s 
th e end .  I n thi s case ,  th e activit y accomplishe d th e componen t 
of  representin g startin g bloc k positions ,  labelle d J2. 3 i n Fig -
ur e 3 .  Th e contributio n diagra m present s ou r  analysi s o f  th e 
way tha t  thes e turn s wer e interrelate d i n orde r  t o accomplis h 

tas k components .  W e hav e adapte d a  metho d develope d b y 
Clar k an d Schaefe r  (1989 )  fo r  this .  I n ou r  us e o f  th e method , 
turn s ar e groupe d accordin g t o th e activit y component s the y 
achieved .  Juli e an d Paula' s Turn s 35-3 8 accomplishe d th e op -
eratio n o f  determinin g tha t  th e startin g position s wer e zer o 
and enterin g symbol s representin g tha t  i n th e table ,  Operatio n 
J2.3 .  Julie' s Tur n 3 5 initiate d thi s operation .  Paula' s Tur n 3 6 
registere d th e informatio n tha t  wa s t o b e represented .  Julie' s 
Tur n 3 7 complete d th e actio n o f  representin g th e startin g po -
sition s b y writin g th e symbols .  Paula' s Tur n 3 8 expresse d 
agreemen t  an d complete d th e contribution .  Th e students '  state -
ment s provid e evidenc e la t  som e o f  th e refers-t o relation s i n 
Figur e 4 .  Paula' s 'They'r e bot h a t  zero "  apparentl y referre d 
t o th e position s o f  th e block s i n th e situation ,  an d Julie' s "S o 
thi s woul d b e zero "  apparentl y referre d t o th e value s t o b e 
wriue n i n th e table ,  whic h referre d t o th e situatio n typ e in -
volvin g turnin g th e handle . 

A mor e extensiv e an d complicate d example ,  b y Bra d an d 
Geoff ,  i s th e transcriptio n show n i n Figur e 6  an d th e conuibu -
tio n diagra m o f  Figur e 7 .  A s th e diagra m indicates .  Bra d an d 
Geof f  wer e workin g o n th e componen t  w e labelle d B2.4 ,  de -
terminin g an d representin g bloc k position s afte r  on e turn .  The y 
had move d th e block s b y turnin g th e handl e onc e an d recorde d 
th e symbol "  3 "  i n th e tabl e fo r  th e positio n o f  th e 3-spoo l  block . 

I n Turn s 43-48 ,  Bra d an d Geof f  identifie d th e positio n o f 
th e 4-spoo l  bloc k afte r  on e tur n a s 4  1/8 ,  an d Bra d recorde d 
that ,  correspondin g t o Operatio n B3.13 .  The y bega n Opera -
tio n B2.5 ,  determinin g an d representin g th e position s afte r  tw o 
turns ,  wit h Brad' s initiatin g Tur n 49 .  Geof f  turne d th e handle s 
and Bra d adjuste d on e o f  th e handle s s o i t  ha d mad e on e com -
plet e revolution ,  finishing  Operatio n B3.14 . 

I n Tur n 52 ,  Bra d recognize d th e position s a s 6  an d 8  an d 
recorde d them .  Geoff' s  Tur n 5 3 wa s apparentl y interprete d b y 
Bra d a s agreein g wit h hi s statemen t  an d representatio n o f  th e 
positio n o f  th e 3-spoo l  block .  I n th e ligh t  o f  Tur n 60 ,  w e inter -
pre t  thi s a s th e beginnin g o f  a  presentatio n o f  th e inferenc e 
tha t  th e position s increase d b y constan t  increment s o f  thre e 
and fou r  inches ,  Operatio n B3.17 .  However ,  tha t  operatio n 
was no t  establishe d i n thei r  c o m m o n ground ,  s o w e indicat e i t 
i n parentheses .  Brad' s Tur n 5 5 wa s a  signa l  t o jffocee d t o th e 
thir d handle-turn .  B2.6 ,  bu t  Geof f  hesitated ,  saying,"So-. "  W e 
believ e thi s wa s a  continuatio n b y Geof f  o f  considerin g th e 
patter n o f  constan t  additions .  I t  seem s likel y tha t  i t  als o in -
volve d a  questio n o r  disagreemen t  wit h th e symbol "  4  1/8", " 
whic h ha d bee n writte n i n Brad' s Tur n 48 .  Geof f  apparentl y 
interprete d i t  a s a  questio n o f  th e mor e recen t  operatio n o f 
writin g "  6 "  "  an d "  8", "  an d reiterate d thos e state s o f  affairs . 
Geoff' s  Tur n 5 8 agree d wit h that ,  completin g thei r  activit y o n 
Operation s B3.1 5 an d B3.16 .  Brad' s respons e i n Tur n 5 9 wa s 
t o emphasiz e tha t  the y ha d finished  th e secon d handle-tum , 
and h e repeate d hi s initiatio n o f  th e thir d handle-tu m activit y 
i n hi s Tur n 60 .  The n i n hi s Tur n 61 ,  Geof f  state d th e patter n o f 
increase s o f  th e symbol s i n th e table,whic h w e conside r  a s 
performanc e o f  a n operatio n o f  statin g a n infon—th e pattern -
as wel l  a s presentin g disagreemen t  wit h th e symbol "  4  1/8", " 
thu s reopenin g Operatio n B3.13 .  Bra d agree d wit h th e patter n 
i n hi s Tur n 62,whic h establishe d th e patter n i n thei r  c o m m o n 
ground ,  completin g Operatio n B3.17 .  Bra d the n state d th e 
chang e o f  th e 1-tu m positio n t o " a regula r  four, "  an d erase d 
th e "1/8 "  symbo l  fro m th e table ,  i n Tur n 63 .  Geof f  agree d 
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Bia d Q s aH 

B3.1 3 
43.  An d thi s on e [leane d ove r 
t o s e e b l o c k p o s i t i o n s ]  i s a t  - -

45. Four and, wait, no. 

47. [pointing, counting division 
mark s o n yar d stick ]  One ,  two , 
three ,  fou r  - -  that' s  right.  That' s 
<-- > abou t  <- > 
48.  [wrote" 4 1/8" "  i n th e 4 -
spoo l  table ) 

mS. B3.14 

44.Fou r  an d a n eighth . 

46.  Yeah, four and an eighth. 

49.  Ok ,  d o i t  again . 

51.  Thi s on e [adjustedpositio n 
of  on e handle ]  goo d enoug h 

50.  Anothe r  turn ,  [sa t  down ; 
turne d handles ] 

B3.1 4 
B3.15 .  B3.1 6 
52.  Si x an d eight ,  [wrot e "6", " 
and"8"." ] 

(B3.17) 
53.  Si x [pointe d t o re d block ] 

54.  Yeah . 

(B2.6 ) 
55.  Ok ,  d o i t  again . 

(B3.17) 
56.  S o - -

57.  [pointin g t o blocks )  Tha t 
one' s  a t  six ,  thi s one' s  a t  eight . 
59. [  I ]  abead y didjt ; 58.  Ok ,  yo u di d i t  [already ] 

83.15 ,  83.1 6 

(8161 . 
60.  D o i t  again . 

83.1 7 

62.  [ I  know ,  nnh ] 
63.  Thi s on e shoul d jus t  b e a 
regula r  four .  O r  els e i t  doesn' t 
make an y sense ,  [erase d "J/8 " 
i n previou s entr y  ] 

61.  [bokin g a t  tables ]  Three , 
six .  Th e four-spoo l  woul d mak e 
thi s on e [poirUe d t o 4-spoo l 
column ]  [g o u p b y fou r  inches. ] 

83.1 7 
64.  Righ t 

83.13 ,  8 2 J 
83.1 8 
65.  W e rea d i t  wrong .  Ok ,  s o th e 
spoo l  i s th e amoun t  o f  inche s i t 
goes up . 

83.18,82. 5 

Figur e 6 .  Transcriptio n o f  Bra d an d Geoff' s  Turn s 43-65 . 

Br* d OMl t 
43 tnitat»-Cf>»r»to n 

0*f1orm-ootrttiar{mf i 

awfiWfi-writgfiYt M 

fiimff-nnifitan-fia/ f 

47 • 
4«. 

qum1lonftQrm-v*9>-optr»tion-T99Ul t 

gff»m-writflnr'"ii i 

4«- inteut-oDtruo n 

SO- tarm/t»ncrm-<Kitrilontmu ) 

SI 
S2-

qumHonMarm- l̂h-ofiwatton-ftul t 

p«r1orm-af>«rtllcn(inl*<n»t i 

(p*f1Ofm-<3i>«raoon{inrn/aQr0*-wrtfi-ce«ralian-r»3ul t 

54 -
55-

adtno^»aga-»Qr»0Tnn t 

(mitut-ctMttan t 

OnWtt  ODtratanUaMttan-ooeration-tnU I 

fSMn<x>»'aton-r»»il t 
agr90-mt)-Of)»rat)on-T»9u/ l 

59 . 
60. 

racognin-aara^men t 

(inltiat0'CparatiOf) ) 
disagraa-mth-oparaton-rasuH/fMrlorm-oparatiarOnf ) 

62 . 

63 -

agr»a-mt)-op»rabon-r93ui t 

par1ofTn-op«abcn(inl*mat i 

agra€-mt\-op«rabon-ra9u H 

— B 3 17 ) 

[>ariorm-oparabcn(inr ) 

B3 14 | 

B3 1 S 
B31« 
B317) 

B3.17 | 

82. 5 

82 6 ) 

B2 6 ) 

|B1 1 
Figur e 7 .  Contribution s b y Bra d an d Geof f  i n Turn s 43-65 . 

with Brad's action in Turn 64, completing their activity Op-
eration s B3.1 3 an d B2.3 .  I n Tur n 65 ,  Bra d recognize d tha t  th e 
numeral s stampe d o n th e spool s referre d t o thei r  distance s pe r 
turn . 

Base d o n th e contributio n diagram s fo r  al l  th e pairs ,  a  gen -
era l  interactiona l  pattern ,  show n i n Figur e 8 ,  emerged .  A s it s 
titl e indicates ,  w e vie w thi s patter n a s a  sequentia l  structur e 
tha t  organize s interactiona l  turn s wheneve r  a  collaborativ e 
grou p i s performin g a  join t  operation .  T o interpre t  thi s sche -
mati c structure ,  conside r  right-branching  link s a s obligator y 
and left-branchin g hnk s a s optional .  A  contributio n tha t  fit  thi s 
patter n alway s include d performanc e o f  a n operation ,  whic h 
coul d b e materia l  o r  merel y informational .  W h e n a n operatio n 
was performed ,  th e participant s neede d t o agre e o n it s perfor -
mance an d resul t  fo r  i t  t o b e include d i n thei r  tas k solution .  I f 
on e o f  th e participant s questione d o r  disagree d wit h th e per -
formanc e o r  result ,  ther e wa s a  negotiatio n abou t  it .  A s a  resul t 
of  th e negotiation ,  th e initia l  performanc e an d resul t  o f  th e 
operatio n coul d b e agree d to ,  ther e coul d b e agreemen t  t o som e 
modificatio n o f  th e operatio n o r  it s  result ,  o r  ther e coul d b e 
agreemen t  t o no t  perfor m tha t  operation ,  a t  leas t  a t  tha t  time . 

Befor e a n op)eratio n wa s performed ,  i t  coul d b e initiate d b y 
on e o f  th e participants ,  whic h coul d b e don e b y proposin g th e 
operatio n o r  b y indicatin g i n som e les s direc t  w a y tha t  th e 
operatio n woul d b e appropriate .  I f  th e initiatio n o f  a n opera -
tio n wa s agree d to ,  th e participant s establishe d a  share d inten -
tio n fo r  tha t  operatio n t o b e performed .  I f  a  participan t  ques -
tione d o r  disagree d wit h a n initiation ,  the y negotiate d befor e 
th e operatio n wa s performed ,  whic h coul d lea d t o agreemen t 
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Perfor m 

Initiat e /  Agre e 

Negotiate 

Agree 

Negotiate 

Figure 8. Turn structure of collaborative operations. 

to perform the operation, agreement to perform some modi-
fied  for m o f  th e operation ,  o r  agreemen t  t o no t  perfor m o r 
postpon e tha t  operation . 

Thi s patter n provide s a n effectiv e wa y o f  satisfyin g th e con -
strain t  tha t  th e participant s shoul d b e aligne d i n thei r  inten -
tion s an d action s an d tha t  the y shoul d mutuall y agre e t o th e 
product s o f  thei r  activity .  Ou r  participant s presente d question s 
or  disagreement s frequently ,  wit h littl e mitigatio n (cf .  Linde , 
1988) .  Th e dat a ar e consisten t  wit h th e hypothesi s tha t  par -
ticipant s constructe d share d perspective s o n th e tas k an d ex -
pecte d eac h othe r  t o indicat e tha t  the y wer e no t  aligne d when -
eve r  th e other' s behavio r  di d no t  fit  wit h constraint s the y wer e 
attune d to . 

The participant s als o respecte d a  constrain t  o f  relevance ,  i n 
quit e a  stron g form .  Nearl y al l  o f  th e contribution s wer e orga -
nize d aroun d performanc e o f  task-relevan t  operations .  Sperbe r 
and Wilso n (1986 )  pointe d ou t  tha t  contribution s t o conversa -
tio n ar e relevan t  i n a  genera l  sens e o f  applyin g t o a  contex t 
tha t  th e participant s share .  I n thi s activity ,  apparently ,  th e par -
ticipants '  share d contex t  include d a  commitmen t  t o limi t  thei r 
conversation s mainl y t o th e assigne d tasks .  W e expec t  tha t 
thi s constrain t  resulte d from—o r  a t  leas t  wa s reinforce d b y — 
th e presenc e o f  a n adul t  researcher  an d a  videocamera ,  whic h 
create d a  situatio n o f  closel y observe d an d supervise d schoo l 
activity .  Whateve r  it s  cause ,  th e participants '  clos e adherenc e 
t o a  constrain t  o f  tas k relevanc e produce d pattern s o f  interac -
tio n i n whic h nearl y al l  th e activit y wa s functionall y relate d t o 
operation s fo r  makin g progres s o n th e task.W e d o no t  believ e 
tha t  thi s relatio n betwee n cognitiv e task s an d socia l  interac -
tio n i s general .  Indeed ,  i n othe r  studie s (Engl e &  Greeno ,  1994 ) 
interpersona l  relation s als o cruciall y shape d ho w th e tas k wa s 
carrie d out ,  an d w e expec t  t o find  tha t  a s wel l  whe n w e appl y 
thes e analyse s t o performanc e b y thes e participant s o n les s 
well-define d problem s wher e the y wrot e equation s fo r  th e first 
time . 

Conclusions 

The representation s o f  activit y  nests ,  semioti c networks ,  an d 
contributio n tree s provid e evidenc e abou t  th e detail s o f  bot h 
th e cognitiv e processe s o f  accomplishin g th e table-construc -
tio n tas k an d th e socia l  participatio n throug h whic h th e tas k 
was carrie d ou t  Becaus e o f  explici t  Unkage s betwee n thes e 
analyti c representations ,  w e ca n begi n t o examin e ho w cogni -
tiv e an d socia l  aspect s o f  collaboratio n ar e related . 

Our  analysi s resulte d i n thre e mai n findings.  First ,  students ' 
activit y ca n bes t  b e explaine d i n term s o f  auunement s t o con -
straint s an d t o affordance s an d abilitie s tha t  for m schemat a o f 
schoo l  assignments ,  form s an d meaning s o f  symboli c repre -

sentations ,  causa l  an d quantitativ e propertie s o f  th e physica l 
device ,  an d pattern s o f  collaborativ e activity .  Second ,  sttident s 
complete d component s o f  th e tabl e constructio n tas k throug h 
accomplishin g alignment s o f  refers-t o relation s involvin g 
signifier s i n th e instructions ,  o n th e winch ,  an d i n thei r  table , 

whic h referre d t o propertie s an d relation s o f  th e materia l  sys -
te m o f  th e winche s an d th e conceptua l  syste m o f  number s an d 
arithmetic .  Third ,  th e participants '  structur e o f  tur n takin g wa s 
organize d t o suppor t  mutuall y aligne d intention s intentions , 
understandings ,  actions ,  an d agreement s relevant  t o tas k com -
ponents . 

We believ e tha t  th e method s o f  analysi s an d representatio n 
tha t  w e hav e develope d her e wil l  b e applicabl e i n mor e com -
ple x situations ,  bu t  significan t  extension s ma y wel l  b e needed . 
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