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Abstract 

Thi s stud y ha s th e descriptiv e ai m o f  showin g i f  an d ho w 
epistemi c procedure s typica l  t o mathematica l  reasonin g ca n 
be practice d b y childre n whe n the y ar e i n a  socia l  situatio n 
tha t  support s thei r  individua l  linguisti c an d cognitiv e 
activity .  Th e presen t  pape r  consist s o f  a  fine-grained  analysi s 
confrontin g argumentativ e skill s an d epistemi c action s o f  a 
grou p o f  fou r  student s functionin g i n a  Grad e 9  mathematic s 
class .  Th e fou r  student s wer e presente d wit h a  mathematica l 
problem-situatio n typica l  o f  a  on e yea r  lon g experimen t 
whose domai n wa s a n introductor y cours e abou t  functions . 
Thi s activit y wa s typica l  i n th e sens e that :  (i )  i t  demande d 
inquiry ;  (ii )  student s worke d i n groups ;  (iii )  the y ha d 
computerize d tool s a t  thei r  disposition ;  (iv )  the y wer e invite d 
t o discus s thei r  wor k i n a  whol e clas s forum .  Th e rol e o f  th e 
technologica l  tool s a s a  trigge r  fo r  th e applicatio n o f 
argumentativ e skill s  i s investigated . 

Introduction 

Researc h i n schoo l  discours e an d i n knowledg e acquisitio n 
belon g t o tw o distinc t  traditions .  Schoo l  discours e ha s bee n 
th e objec t  o f  man y socio-linguisti c studie s (e.g. ,  Cazden , 
1986 ;  Sinclai r  &  Coulthard ,  1975) .  However ,  suc h studie s 
hav e bee n intereste d i n th e conversationa l  feature s o f  thi s 
for m o f  discourse ,  an d di d no t  focu s o n h o w schoo l 
discours e lead s t o knowledg e acquisition .  Similarly ,  mos t  o f 
teaching-learnin g studie s focusin g o n knowledg e 
acquisitio n i n particula r  domain s neglecte d th e rol e o f 
discours e i n thi s process .  However ,  pioneerin g studie s hav e 
alread y focuse d o n th e relatio n betwee n reasonin g i n a 
particula r  domai n an d argumentativ e skill s  (e.g. , 
Pontecorv o &  Girardet ,  1993 ;  Resnick ,  Salmon ,  Zeitz , 
Wathen ,  &  Holowchak ,  1993) ,  i n varie d domain s suc h a s 
historica l  reasonin g o r  nuclea r  powe r  policy .  Moreover , 
investigatin g th e rol e tha t  technologica l  tool s ca n pla y i n 
th e constructio n o f  thi s relatio n i s  als o quit e a  ne w 
endeavo r  (se e th e studie s undertake n b y Meira ,  1991 , 
Roschelle ,  1992 ,  an d Schwarz ,  i n press) . 

The Activity Theory: A Methodology for 
A n a l y z i n g T e a c h i n g - L e a r n i n g Setting s w i t h a 

V y g o t s k i a n Perspect iv e 

Our  approac h i s t o analyz e schoo l  discours e throug h 
Leont'ev' s metho d (1981 )  tha t  frame s th e teachin g activity , 
and it s specifi c  action s an d operations . 

The activit y construc t  i n Leont'ev' s sens e refer s t o th e 
most  globa l  leve l  o f  analysis .  I t  explain s th e sociocultura l 
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interpretation imposed on the context by the participants. It 
i s  characterize d b y a  discursiv e interactio n an d a  cognitiv e 
functio n pursue d b y th e teacher ,  w h o propose s (explicitl y o r 
implicitly )  he r  o r  hi s genera l  goal s t o th e children' s grou p 
and ofte n recycle s the m i n th e cours e o f  th e discussion . 

The secon d leve l  o f  th e Activit y Theory ,  th e leve l  o f 
action s i s embedde d i n th e activity .  Action s ar e drive n b y a 
goal  abou t  whic h th e participant s ca n shar e awareness .  I t 
explain s wher e ther e i s a  cultura l  inter-persona l  mediatio n 
betwee n teache r  an d chil d o r  amon g childre n workin g 
together .  I t  consist s o f  reasonin g sequence s i n whic h 
particula r  epistemi c action s ar e pursued .  I n th e 
mathematica l  domain ,  example s o f  suc h reasonin g 
sequence s ar e planning ,  o r  constructin g a n hypothesis . 

Withi n thes e reasonin g sequences ,  Leonte'ev' s thir d leve l 
of  analysi s look s a t  th e molecula r  operation s carrie d ou t 
throug h th e ide a units .  Eac h ide a uni t  i s  submitte d t o a 
doubl e categorization ,  lookin g a t  th e specifi c  argumentativ e 
operation s an d a t  th e epistemi c operation s use d b y 
children . 

Defining the Levels of Analysis of a 
M a t h e m a t i c a l  S c h o o l  Sett in g 

We use d Leont'ev' s methodolog y t o analyz e a  schoo l  sessio n 
i n a  technology-base d mathematic s class .  A t  th e activit y 
level ,  th e teache r  conducte d a  on e yea r  lon g introductor y 
cours e abou t  functions ,  i n a  parochia l  school ,  wit h forty -
tw o 9* "  grad e girls .  Th e teache r  base d he r  instructio n o n 
problem s characterize d by :  (i )  ope n ende d problem -
situation s demandin g th e us e o f  inquir y skills ;  (ii )  wor k i n 
groups ,  student s bein g encourage d t o discus s th e solutio n 
paths ;  (iii )  th e availabilit y o f  computerize d tools ;  (iv ) 
aftermat h reflectio n i n whol e clas s forum ,  and/o r  i n writte n 
grou p reports .  Detail s abou t  th e experimen t  ar e give n 
elsewher e (Hershkowit z an d Schwarz ,  1995) .  O n e typica l 
problem-situation ,  "Oversea s Inc." ,  i s  describe d her e i n 
term s o f  Leonte'ev' s levels .  A  distinctio n i s  bein g mad e 
betwee n tw o type s o f  operations :  (a )  th e argumentativ e 
operation s tha t  giv e a n accoun t  o f  th e collectiv e discursiv e 
activity ,  an d (b )  th e epistemi c operation s throug h whic h th e 
knowledg e domai n i s analyzed . 

The Activity around the "Overseas Inc." Problem-
Situatio n 

The Oversea s Inc .  problem-situatio n i s  initiate d b y a 
homewor k assignmen t  give n t o al l  th e individual s o f  th e 
class .  It s formulatio n is : 

The freigh t  compan y "Oversea s Inc. "  use s container s t o 
shi p good s b y se a fro m countr y t o country .  Th e container s 
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ar e bi g boxe s m a d e o f  wood .  Thei r  bas e need s t o b e a 
square ,  an d thei r  volum e mus t  b e 2.2 5 m^ .  Th e container s 
must  als o b e ope n a t  thei r  top .  Ca n yo u fin d tw o o r  thre e 
example s o f  suc h containers ? 

You m a y us e pape r  t o construc t  suc h a  container ,  o r 
dra w i t  an d labe l  it s  dimensions .  I n tha t  case ,  yo u m a y us e 
a 1/2 0 reductio n (Jmfo r  th e container = 5 c m o f  th e paper) . 

On th e da y th e assignmen t  i s due ,  th e student s (equippe d 
wit h th e model s o f  container s the y brough t  t o school )  ar e 
give n a  worksheet .  It s formulatio n is : 

As woo d i s expensive ,  th e compan y i s intereste d i n 
designin g idea l  container s wit h a s littl e woo d a s possible . 
Can yo u figure  ou t  h o w th e idea l  containe r  looks ? Gues s 
an d explain .  Ca n yo u hel p th e compan y t o find  ou t  th e 
exac t  dimension s o f  th e idea l  container ? 

Th e teache r  invite d th e student s t o organiz e themselve s 
i n group s o f  four ,  an d t o wor k i n an y wa y the y wanted . 
The y ha d graphica l  calculator s a t  thei r  disposal .  Th e 
group s worke d basicall y alone ,  althoug h th e teache r  wa s 
availabl e t o help .  A t  th e en d o f  th e activity ,  th e girl s wer e 
invite d t o participat e i n a n ope n discussio n abou t  th e 
proces s tha t  the y undertoo k durin g th e constructio n o f  thei r 
hypothese s an d o f  thei r  solutio n path s withi n th e differen t 
groups .  Grou p report s wer e collecte d befor e th e discussio n 
began . 

The Actions of the Activity 

At  th e secon d leve l  o f  analysis ,  argumentativ e phase s i n 
whic h a  dominan t  collectiv e goal-mediate d actio n i s 
pursue d wer e identified .  Thirtee n suc h action s wer e 
observe d fo r  "Oversea s Inc." : 

T h e teache r  give s first  a  preparin g tas k (1) ,  a  homewor k 
assignmen t  consistin g o f  a  workshee t  i n whic h student s ar e 
aske d t o construc t  severa l  models .  Durin g th e presentatio n 
(2) ,  th e teache r  ask s th e student s first  t o hypothesiz e th e 
solution .  Then ,  student s organiz e themselve s i n group s o f 
four .  Th e fou r  girl s whos e wor k wa s analyzed ,  first 
undertak e computation s (3 )  whil e manipulatin g th e model s 
the y hav e brough t  in .  The y collaborat e t o jointl y ad d u p al l 
th e element s o f  th e surface .  The y distribut e thei r  effort s an d 
grou p th e computation s o f  eac h o f  th e model s i n a  c o m m o n 
table .  Then ,  tw o o f  th e girl s formulat e thei r  o w n hypothese s 
(4) ,  an d th e grou p trie s t o understan d thes e conflictin g 
hypotheses.  Thes e interaction s caus e th e participant s t o 
justif y an d t o defen d (5 )  thes e hypotheses .  O n e o f  th e girl s 
decide s t o find  ou t  whic h o f  the m i s righ t  (6) .  Gradually ,  th e 
student s jointl y construc t  a n hypothesi s (7) .  The y c o m e t o 
understan d tha t  eac h o f  th e previou s hypothese s i s "locally " 
right ,  bu t  tha t  non e o f  the m take s int o accoun t  th e overal l 
variatio n o f  th e surface .  Afte r  a  shor t  retrea t  t o th e ol d 
hypothese s (8) ,  th e student s recogniz e tha t  the y canno t  g o 
furthe r  i n th e elaboratio n o f  a  bette r  hypothesi s an d the y 
jointl y decid e t o tur n t o th e solutio n (9) .  The y retur n t o th e 
tabl e (10) ,  bu t  a t  tha t  tim e i n a  mor e controlle d way :  The y 
defin e thei r  role :  on e make s variation s fo r  smal l  decreasin g 
value s o f  th e side ,  anothe r  fo r  bi g increasin g value s o f  it . 
The y finally  decid e t o tur n t o a n algebrai c formul a o f  th e 
surfac e (11) ,  an d the y us e th e graphica l  calculato r  (12 )  t o 
displa y th e grap h o f  th e function ,  an d rea d it s m in imum .  I n 
th e las t  par t  o f  th e lesson ,  th e teache r  ask s th e group s o f 

student s t o discus s abou t  th e strategie s use d b y eac h o f 
them .  Thi s segmen t  i s a  synthesi s (13 )  i n whic h student s 
reflec t  upo n thei r  an d other s work ,  th e teache r  bein g a 
moderato r  a m o n g th e contribution s o f  th e participants . 

Th e analysi s o f  th e wor k o f  fou r  girl s solvin g "Oversea s 
Inc. "  i s  don e i n th e nex t  subsection ,  a t  th e leve l  o f 
operations ,  argumentativ e an d epistemic .  Thi s analysi s i s 
precede d her e b y a  categorizatio n o f  thes e operations . 

General Categorization of Argumentative 
Operat ion s 

Th e argumentativ e operation s ar e thos e liste d b y Toulmi n 
(1958) ,  an d adopte d b y Pontecorv o an d Girarde t  (1993 )  i n 
thei r  analysi s o f  arguin g i n historica l  topics .  Thes e are : 

Claim: Any clause that states a position (that 
can b e claimed) . 

Justification: Any clause that furnishes adequate 
ground s o r  warrant s fo r  a  claim . 

Concession: Any clause that concedes something to 
an addressee ,  admittin g a  poin t 
claime d i n th e dispute . 

Opposition: Any claim that denies what has been 
claime d b y another ,  wit h o r  withou t 
givin g reasons . 

Counter-opposition: Any claim that opposes another's 
opposition ,  whic h ca n b e mor e o r  les s 
justified . 

General Categorization of Epistemic Operations 

Thes e operation s ar e grounde d o n th e explanatio n 
procedure s i n term s o f  th e mathematica l  conten t  t o whic h 
the y refer .  Schoenfel d (1992 )  recognize d severa l  kind s o f 
epistemi c operation s tha t  correspon d t o th e explanatio n 
procedure s tha t  ar e use d fo r  interpretin g an d solvin g 
mathematica l  problems .  Th e first  kin d consist s o f  highe r 
leve l  metacognitiv e procedures ,  whic h ar e th e basi s o f 
mathematica l  interpretativ e activity ;  the y dea l  wit h 
regulator y processe s an d wit h evaluatio n o f  th e adequac y o f 
moves (o r  control) .  Fo r  example ,  thes e operation s ca n 
consis t  o f  choosin g o r  evaluatin g whic h strateg y t o choos e 
fo r  tacklin g a  particula r  problem ,  o r  o f  decidin g t o leav e a 
heuristi c metho d afte r  a  lon g enoug h search .  Th e secon d 
kin d include s heuristics ,  suc h a s th e us e o f  analogies ,  th e 
searc h fo r  patterns ,  hypothesizing ,  o r  simplifyin g a 
problem .  Th e thir d kin d o f  epistemi c operation s i s th e 
appea l  t o resources .  Resource s ar e a  ver y ric h lis t  o f  facts , 
theorems ,  definitions ,  procedures ,  etc .  tha t  ar e a t  th e 
dispositio n o f  th e learner .  S o m e example s are :  readin g 
graphs ,  inferrin g th e orde r  o f  magnitud e o f  a  variabl e 
quantit y fro m a  tabl e o r  a  formula ,  o r  knowin g th e solutio n 
of  a  particula r  tas k previousl y done .  A  ful l  lis t  o f  resource s 
i s impossibl e t o writ e down ,  becaus e i t  depend s o n th e task , 
an d o n cognitiv e development :  a  procedur e ca n b e a 
heuristi c fo r  some ,  whil e fo r  others ,  i t  i s  a  fact .  Th e lis t 
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give n i n th e followin g i s the n specifi c  t o th e fou r  girl s 
solvin g "Oversea s Inc." .  I t  i s  organize d int o metacognitiv e 
/regulator y operation s (I) ,  heuristic s (II) .  an d appea l  t o 
resource s (III) . 

Reflection: (I) Reflecting upon one's previous moves, or 
plannin g furthe r  ones . 

Control (I) Asserting/checking with an evaluative dimension. 

Predication (1) Asserting without any evaluative dimension. 

Hypothesis (II) Figuring out a fact, a rule or a law. 
Hypothesizin g ma y b e grounde d o n numerica l  data ,  previou s 
knowledge ,  o r  experience . 

Extreme cases (II) Use of extreme cases in order to find out 
a law . 

Analogy (II) Search for an analogical case 

Change of rep. (II) The change of external representation as 
a strategi c mov e t o se e a  proble m fro m a  ne w perspective . 

Appeal to resources (III) (retrieving of information 
considere d a s relevan t  t o th e topi c b y th e speaker) .  I t  ca n be : 
Definitio n ( A statemen t  abou t  th e natur e o f  a n object ,  o r  a 
quantity) .  Exempla r  cases ,  (numeri c data ,  models,..) ,  Rules , 
Genera l  Principles ,  Authorit y (expert ,  previousl y solve d 
problems,...) ,  Procedure s (readin g graphs ;  computations , 
etc.) . 

Again ,  thes e epistemi c operation s wer e carrie d ou t  i n a 
socia l  interactio n settin g b y particula r  linguisti c an d 
cognitiv e operations ,  whic h ca n b e identifie d a s 
argumentativ e operation s becaus e o f  thei r  linkag e o f  socia l 
arguin g an d individua l  reasoning . 

Our  hypothesi s i s tha t  childre n a s novice s i n th e 
mathematica l  domai n ca n lear n t o maste r  thes e latte r 
operation s b y practicin g the m i n appropriat e learnin g 
environments ,  especiall y i n environment s suc h a s tha t 
create d i n thi s experiment . 

Examples of Interaction 

I n th e followin g examples ,  w e presen t  som e excerpt s o f 
interactio n betwee n th e fou r  participants ,  Hanna ,  Miriam , 
Lia t  an d Osnat .  T h e fou r  girl s wer e videotaped ,  the n thei r 
discours e wa s transcribed .  Th e protocol s ar e accompanie d 
by VCR-t im e (firs t  column) ,  argumentativ e operation s 
(thir d column) ,  an d epistemi c operation s (fourt h column) . 
I t  i s  importan t  t o notic e tha t  th e participant s use d thre e 
model s the y constructe d a t  home :  a  "long "  bo x wit h narro w 
base ,  a  "short "  bo x wit h larg e base ,  an d a  bo x wit h 

comparabl e dimensions .  T h e first  excerp t  (Tabl e 1 )  show s 
th e action s o f  formulatin g an d defendin g o w n hypothese s 
(action s 4-5) .  Thi s excerp t  begin s b y a  phas e durin g whic h 
student s investigat e th e natur e o f  th e problem .  The y clarif y 
tha t  th e surfac e include s th e latera l  face s an d th e base ,  an d 
tha t  th e proble m (t o find  a s les s woo d a s possible )  mean s t o 
minimaliz e th e surface .  A t  48:10 ,  Lia t  conclude s tha t 
surfac e an d quantit y o f  woo d m e a n th e same .  A t  48:15 , 
Osnat  relate s t o a  hypothesi s tha t  wa s no t  uttered ,  bu t  i t 
migh t  b e tha t  sh e derive d i t  fro m he r  interpretatio n o f  Lia t 
claim .  Sh e justifie s th e hypothesi s b y appealin g t o a 
principle :  a s th e side s contribut e fou r  time s t o th e overal l 
surfac e (a s oppose d t o th e base) ,  th e heigh t  ha s t o b e 
minimal .  Lia t  change s representatio n (sh e use s th e models ) 
t o complet e th e justification .  However ,  thi s m o v e i s 
problemati c i n th e shor t  run :  Sh e show s tha t  th e shor t 
model  ha s a  ver y bi g base .  H a n n a oppose s t o Osna t 
hypothesis ,  th e shorte r  i s th e height ,  th e bigge r  i s th e base , 
an d consequentl y th e large r  i s th e surface . 

Thi s excerp t  show s tw o mai n points .  First ,  th e student s 
wer e ver y ofte n engage d i n metacognitive/regulator y 
("control" ,  "reflection" )  an d heuristi c operation s 
("hypothesis" ,  "chang e o f  representation" ,  "extrem e cases") . 
Suc h operation s characteriz e high-leve l  mathematica l 
reasoning ,  an d ar e generall y difficul t  fo r  students .  Second , 
th e childre n conducte d a n autonomou s collectiv e discours e 
i n whic h mathematica l  reasonin g wa s supporte d b y th e 
applicatio n o f  ric h argumentativ e skills .  Quantitativ e 
consideration s abou t  th e distributio n o f  epistemi c an d 
argumentativ e operation s ar e beyon d th e scop e o f  thi s 
descriptiv e paper . 

A secon d excerp t  (Tabl e 2 )  show s tw o role s o f 
computerize d tool s i n relatio n t o argumentafiv e an d 
epistemi c operations .  Thi s excerp t  (action s 9-12 )  occur s 
afte r  Osna t  claim s an d warrant s tha t  th e surfac e i s smalle r 
w h en th e side s ar e smaller ,  an d Mir ia m oppose s tha t  th e 
surfac e i s smalle r  w h e n th e bas e i s smaller .  Afte r  th e 
participant s realiz e tha t  tw o hypothese s formulate d 
previousl y ar e "locally "  righ t  only ,  Lia t  counteroppose s th e 
tw o hypothese s an d formulate s he r  o w n hypothesis .  Th e 
counter-oppositio n draw n b y Lia t  make s a  compromis e 
betwee n th e tw o previou s hypotheses .  I t  i s  interestin g tha t 
Osnat  w h o hel d on e o f  th e "old "  hypothese s hurrie s t o 
chec k an d justif y Liat' s  hypothesi s b y changin g 
representatio n wit h he r  graphica l  calculator .  A s fo r  th e first 
excerpt ,  th e fou r  student s ver y ofte n engag e i n meta -
cognitiv e an d strategi c epistemi c operations .  Fo r  example , 
al l  Hanna' s intervention s dea l  wit h plannin g th e solutio n o r 
wit h choosin g th e righ t  variabl e (th e sid e o f  th e bas e o r  th e 
height) .  T h e las t  "chang e representation "  operatio n i s 
differen t  fro m th e first  one ;  i t  doe s no t  c o m e t o justif y a n 
argument ,  bu t  t o solv e a  proble m whos e plannin g i s clear . 
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Tim e 
47:0 6 

47:0 8 
47:1 4 
47:2 0 

48:1 0 

48:3 0 
48:3 5 

[Miria m 
Hahna: 
Liat : 
Osnat : 
Miriam : 

Protoco l 
read s alou d th e questio n fro m th e worksheet ] 
H ow muc h di d yo u get ? W e go t  19 . 
The les s th e surfac e is ,  th e les s woo d ther e wil l  be . 
I'l l  tel l  yo u somethin g 
[grasp s th e "lon g model" ] 

The surfac e i s no t  onl y this ,  i t  i s  everythin g 
[Sh e point s a t  th e bas e tha n a t  th e latera l  faces ] 
Osnat : 
Miriam : 
Osnat : 

Liat : 

Hanna: 
Osnat : 

Liat : 

Osnat : 
Liat : 
Hanna: 
Miriam : 

Osnat : 
Hanna: 

No!  1  di d no t  sa y that.. . 
Oh!  1  di d no t  understan d really.. . 
One moment  ho w coul d w e hav e les s wood ? 
her e i t  ha s t o b e th e smalles t 
[Osna t  point s a t  th e side s o f  th e larg e box ] 
W h en th e surfac e i s smaller ,  ther e i s les s wood .  Right ? 
See,  w e se e tha t  her e [th e height] ,  ther e i s 1/ 2 
and ther e [th e bas e side] ,  3 . 
W hy i s i t  so ? 
It' s  becaus e here..i f  i t  wil l  b e th e smalles t  possible , 
we multipl y i t  b y four ,  w e nee d t o multipl y b y four . 
Becaus e her e [Lia t  point s t o th e base] ,  i t  wil l  b e larger , 
and her e [Lia t  point s t o th e sides] ,  i t  wil l  b e smaller . 

Multiplie d b y four ,  i t  mus t  b e a s smal l  a s possibl e 
Yeah !  Th e smalle r  i t  wil l  be ,  Yea h 
Smalle r  i s  th e height ,  bigge r  i s th e surfac e 

Are .  GDerato i 

Clai m 

Oppos e 

Concessio n 

Clai m 
Hypothesi s 

Justificatio n 

Justificatio n 

Oppositio n 

Didn' t  w e sa y th e contrary ,  Counter-Oppositio n 
tha t  th e smalle r  i s  th e height . 
th e smalle r  i s  th e surfac e 
But  thi s i s exactl y wha t  w e said . 
One moment ,  ho w di d w e ge t  i t  tha t  way ? 

[Lia t  write s dow n th e hypothesi s o n th e worksheet] . 
Miriam : 
Osnat : 
Liat : 

..[inaudible]...bigge r 
OK. ,  it' s  exactl y wha t  w e sai d 
Tel l  i t  i n th e othe r  way ,  shorte r  i s  th e container.. . 

Clai m 

Clai m 

Eoistemi c Operato r 

Contro l 

Appea l  def . 

Chang e o f  rep . 
Appea l  definitio n 

Reflectio n 

Contro l 

N u m.  data ,  extr .  case s 

Contro l 
Star t  Hypothesi s 

Appea l  t o principle s 
Chang e o f  rep . 

Appea l  principle s 

Hypothesi s 

Hypothesi s 

Contro l 

Contro l 
Inferenc e 

Tabl e 1 

1:03:5 8 

1:04:0 6 

1:05:2 5 
1:05:5 7 
1:06:0 4 
1:06:1 6 
1:06:2 5 

1:06:5 8 
1:07:0 7 

1.07:3 7 
1:07:4 7 

Liat : 

Osnat : 

Hanna: 
Liat : 
Miriam : 
Harma: 
Osnat : 

Miriam : 
Osnat : 

Miriam : 
Hanna: 

It' s  a s i f  i t  i s  no t  constant ,  i t  ha s t o b e lik e tha t 
[Lia t  draw s i n th e ai r  a  sketc h o f  a  "parabola" ] 
It' s  worth y t o d o a  table ,  firs t  w e wil l  mak e bi g th e heigh t 
[Th e fou r  student s construc t  a  tabl e wit h fou r  value s i n 
th e graphica l  calculator , 
an d plo t  th e correspondin g point s o n a  graph ] 
Let' s thin k i n a  logi c way . 
Yeah,  bu t  i t  doe s no t  nee d t o b e a  linea r  function . 
Yeah,  i t  doe s no t  hav e t o g o u p wit h th e sam e rate . 
We hav e t o thin k whic h containe r  i s th e idea l  one . 
I f  it' s  wha t  yo u think ,  the n it' s  a  parabola ,  an d th e 
apex i s wher e i t  seem s horizonta l  an d stable . 

Counter-opp . 

Justificatio n 

Counter-op p 
Justincatio n 

Clai m 

The y-axi s i s th e surface ,  an d th e x  axi s i s th e sid e o f  th e bas e 
We hav e t o b e mor e goa l  oriente d ! 
First ,  w e mak e th e bas e grow ,  tha t  i s  t o sa y th e sid e of  th e base . 
and second ,  th e sid e o f  th e height . 
The variabl e i s th e bas e 
I n m y opinion ,  th e sid e o f  th e bas e an d th e height ,  an d 
the n we'l l  solv e this . 

Oppyjustif i 

[Th e fou r  student s tak e thei r  graphica l  calculator ,  ente r  th e 
formul a expressin g th e heigh t  a s a  functio n o f  th e sid e o f  th e base . 
the n ente r  th e surfac e a s a  functio n o f  th e side ,  dra w th e grap h o f 
th e functio n an d rea d th e minimum ] 

Hypothesi s 

Chang e o f  rep . 

Appea l  proc . 
Appea l  proc . 
Contro l 
Appea l  prop . 
Appea l  prop . 
Contro l 
App.Conditio n 

Control/Pla n 
Reflectio n 
Contro l 

Control/Pla n 
Control/Pla n 

Chang e rep . 
Appea l  proc . 

Tabl e 2 
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I n th e tw o excerpt s presente d here ,  th e technologica l 
tool s see m secondary ,  bein g involve d wit h th e "changin g 
representation "  epistenii c operatio n only .  However ,  th e 
hig h leve l  o f  mathematica l  reasonin g th e student s attaine d 
(se e Hershkowit z &  Schwarz ,  1995) ,  wa s linke d l o th e la d 
tha t  th e student s kne w the y di d no t  hav e t o carr y ou t 
technica l  tasks ,  an d tha t  an y clai m coul d b e warrante d wit h 
th e computerize d tool s a t  thei r  disposal . 

Concluding remarks 

The Activit y Theor y ha s descriptiv e power :  i t  wa s a  suitabl e 
fram e t o describ e th e relation s betwee n argumentativ e an d 
mathematica l  epistemi c operations .  Th e example s o f  dat a 
presente d her e sho w th e concomitanc e o f  high-leve l 
mathematica l  reasonin g an d ric h argumentation .  Studyin g 
more specifi c  relation s betwee n mathematica l  reasonin g 
and argumentatio n a t  th e leve l  o f  thei r  operation s i s a 
domai n o f  researc h tha t  need s t o b e investigate d i n furthe r 
research .  Plac e limitation s dictate d a  someho w discret e 
pictur e o f  th e interaction s betwee n participants .  Suc h a n 
approac h misse s som e feature s o f  th e dynamic s o f  th e grou p 
interactions ,  i n whic h operation s contribute d b y individual s 
canno t  b e isolated .  Th e computerize d tool s wer e importan t 
i n th e sens e tha t  student s coul d us e "chang e o f 
representation "  a s a  strategi c mov e fo r  controllin g o r 
checkin g hypotheses ,  an d fo r  justifyin g (warrantin g o r 
backing )  arguments .  I n othe r  words ,  th e computerize d tool s 
enable d th e student s t o us e "chang e o f  representation "  bot h 
fro m a n epistemi c an d a n argumentativ e perspective .  I t  i s 
the n no t  surprisin g that ,  a s show n i n Hershkowit z an d 
Schwar z (1995) ,  chang e o f  representatio n wa s ofte n 
contiguou s t o "Aha "  occurrences . 

Schoenfeld ,  A .  H .  (1992) .  Learnin g t o thin k 
mathematically :  Proble m solving ,  Metacognition ,  an d 
sens e makin g i n mathematics .  I n D .  A .  Grouw s (Ed) , 
Handboo k o f  researc h o n mathematic s teachin g an d 

learning ,  334-371 . 
Schwarz ,  B .  B .  (i n press) .  Understandin g symbol s wit h 

intermediat e abstractions :  A n analysi s o f  th e 
collaborativ e constructio n o f  mathematica l  meaning .  I n 
C.  Pontecorvo ,  R .  Salj o &  L .  B .  Resnic k (Eds.) ,  Tools , 
Discourse ,  an d Reasoning ,  N A T O series ,  Lucca . 

Sinclair ,  J .  M. ,  &  Coulthard ,  R .  M .  (1975) .  Toward s a n 
analysiso f  discourse .  London :  Oxfor d Universit y 

Press . 
Toulmin ,  S .  (1958) .  A n introductio n t o reasoning . 

Reference s 

Cazden ,  C .  B .  (1986) .  Classroo m discourse .  I n M .  C . 
Wittroc k (Ed.) ,  Handboo k o f  researc h o n teachin g 
(3r d ed. ,  pp .  4-91) .  N e w York :  Macmillan . 

Hershkowitz ,  R .  &  Schwarz ,  B .  B  (1995) .  Reflectiv e 
processe s i n a  technology-base d mathematic s classroom . 
Paper  presente d a t  th e America n Educationa l  Researc h 

Association ,  Sa n Francisco . 
Leont'ev ,  A .  N  (1981) .  Th e proble m o f  activit y i n 

psychology .  I n J .  V .  Wertsc h (Ed.) ,  Th e concep t  o f 
activit y i n Sovie t  psycholog y (pp .  37-71) .  Armonk ,  N Y : 
Sharpe . 

Meira ,  D e Lemos ,  L .  R .  (1991) .  Exploration s o f 
mathematica l  sense-making :  A n activity -  oriente d vie w 
of  children' s us e an d desig n o f  mathematica l  displays , 
Ph. D dissertation ,  U .  C .  Berkeley . 

Pontecorvo ,  C .  &  Girardet ,  H. ,  (1993) .  Arguin g an d 
reasonin g i n understandin g historica l  topics . 
Cognitio n an d instruction ,  11( 3 &  4) ,  365-395 . 

Resnick ,  L .  B. ,  Salmon ,  M. ,  Zeitz ,  C .  M. ,  Wathen ,  S .  H. ,  & 
Holowchak ,  M .  (1993) .  Reasonin g i n conversation . 
Cognitio n an d instruction ,  11( 3 &  4) ,  347-364 . 

Roschelle ,  J .  (1992) .  Learnin g b y collaboration :  convergen t 
conceptua l  change .  Th e Journa l  o f  th e Learnin g 
Sciences ,  3 ,  235-276 . 

735 


	Cogsci_1995_731-735



